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ABSTRACT: In view of the problems of the existing conveyor belt deviation detection system, such as high false
alarm rate and missing alarm rate, a rapid detection method of deviation fault based on machine vision is proposed.
According to the consistency of the light intensity induced by the images in the same column collected by the linear
array camera, a segmentation method that could rapidly extract the edges of the conveyor belt is adopted to restrain
the effects of the large noise and uneven illumination of the conveyor belt image. Moreover, the offset of conveyor
belt center and runway center, change rate of variance between columns of the edges of conveyor belt, and the twist
angle are utilized to identify the belt deviation fault. Research results show that the method proposed in this paper
could meet the requirements of timeliness, accuracy, and anti-noise property of the overall deviation within ±15%
width of the belt and the twist deviation detection within ±10°.
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INTRODUCTION
As a kind of continuous conveying equipment in modern production, belt conveyor is suitable for conveying all
kinds of bulk materials such as coal, ore, and cement. By virtue of various strengths including large conveying
volume, long conveying distance, low freight, high efficiency, stable operation as well as convenient assembly and
disassembly, it is widely adopted in the fields of coal, mine, port, electricity, metallurgy and chemical industry,
etc.[1-5]. However, due to the poor work environment, faults are likely to occur in the operation of belt conveyors,
among which deviation is the most common. The conveyor belt is likely to be rolled and jammed in the case of
serious deviation, which increases the running resistance [6]. Less serious cases may lead to materials poured,
intensified slip and edged abrasion of the conveyer belt. In serious circumstances, longitudinally tear or belt-broken
accident may happen, which may lead to an emergency stop of the whole conveyor line [6]. This severely affects the
safety production and results in significant economic losses. Therefore, it is the guarantee of the safe and stable
operation of the conveyor belt to detect and correct the fault of deviation in time [7-11].
At present, the detection of the deviation fault is mainly achieved by means of the deviation switches installed on
both sides of the conveyor belt [12]. The deviation switches struck by the large block of material at the edge of the
conveyor belt will raise a false alarm and even halt the machine. Therefore, the fault rate and false alarm rate of
deviation switches are great.
In order to overcome the drawbacks of deviation switch detection, this paper utilizes machine vision technology to
detect and judge deviation according to the location information of the conveyor belt edges in the image. The key
technology in detecting deviation fault is to accurately extract the linear feature of the edge of the conveyor belt in
image. The linear feature detection mainly includes Hough transform method and the segment detection method
based on the gradient information. The Hough transform is characterized by large computation burden, poor
speedability, uncertainty of parameter caused by quantization error and false peak value in parameter space. Many
scholars have proposed various improved algorithms of Hough transform. These new methods usually depend on the
pretreatment process in an earlier stage. They are likely to connect with discontinuous segments to generate false
results and are not suitable for the detection of complex graphics and images [13]. The detection methods based on
gradient information include Burns transform [14], Line Segment Detector (LSD) [15], Edge Drawing Lines
(EDLines) [16], and Ellipse and Line Segment Detector (ELSD) [17], etc. These algorithms are featured by high
accuracy, fast calculation, and good detection effect. However, when these algorithms are utilized in the detection of
deviation, the strong interferences such as deep scratch and long strip defect are easy to be falsely detected as the
edge of the conveyor belt in the image.
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DETECTION PROCESS
Deviation of the conveyor belt is divided into head deviation, tail deviation, and S-shaped deviation which occurs in
the middle part of the conveyor belt. Deviation is manifested in two patterns [18-20]: ① twist, namely the
inclination at the edge of the conveyor belt. The deviations in head and tail are generally manifested as this form. ②
overall deviation, namely the translation occurring at one or more locations on the conveyor belt in the width
direction. S-shaped deviation is generally manifested as this form. The detailed process of detecting deviation fault
is shown in Figure 1.

Figure 1. Flowchart of belt deviation detection.
After the accurate detection of the conveyor belt edges in the collected images, it should firstly determine whether
there is overall offset. According to GB/T10595-2009, the criteria for the overall offset is: When the deviation
between the center lines of the conveyor belt and the conveyor is not greater than 5% of the bandwidth, it is in the
normal state, and there is no overall offset. When the deviation is between 5% and 10%, the alarm will be given.
When the deviation is greater than 10%, the alarm will be given with normal shutdown.
If there is no overall offset, it should firstly determine whether the twist exists according to the change rate of the
column variance at the edges of the conveyor belt. If there is no twist, the conveyor belt runs in normal state.
However, in the case of the twist, it is necessary to carry out further judgment: When the twist angle is less than or
equal to 5°, the conveyor belt is in the normal status. In the case that the angle is greater than 5°, a warning will be
given. Excessive twist angle is bound to lead to the overall deviation of the conveyor belt. Therefore, the normal
shutdown hasn’t been set for twist deviation, which plays a part of the early warning.
BELT EDGE DETECTION
The key of detecting overall deviation lies in extracting the edges of both sides of the belt. In an actual industrial
field, the surfaces of conveyor belts are generally scratched and stuck with material or dust and scratches, which
make it difficult to detect the edges. The backgrounds of each frame of images are different. Therefore, it is
unsuitable to utilize difference image method or projection method to extract edge. What’s more, the utilization of
Hough transform method in edge extraction will be affected by longitudinal scratch. Therefore, it is necessary to
seek a method which could avoid the impact of foreground information such as the scratches and debris sticking to
the surface and highlight the edges on both sides of the conveyor belt. Here the image characteristics of the
conveyor belt are firstly analyzed. The illumination of the conveyor belt image is generally uneven. The luminous
intensity corresponding to each column in the image is uneven and affected by various factors, such as vibration in
operation, zonal scratches in the longitudinal direction, and uneven illumination on the cambered upper belt.
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Processing of image with uneven illumination is one of the hot topics in the field of image processing during recent
years. Generally speaking, the local threshold segmentation method [21-24] is utilized. However, the computation
time and processing effects are significantly affected by the size of the partial template. The advanced signal
processing methods such as empirical mode decomposition [25] and wavelet analysis [26, 27] are also utilized. Due
to the long time consumption, these methods can hardly meet the real-time requirements.
The line array camera is characterized by collecting a line of images for each time. In this way, a frame of image
will be formed after multiple collections. The position of linear array camera is fixed, and the luminous intensity
sensed in the same column of an image is identical and proportional to the mean value of gray level. As for the
conveyor belt image I (i, j), j < H and j <W. The average value of column vector is calculated

mc ( j ) 

1
H

H

 I (i, j )

(1)

i 1

Generally speaking, the object to be measured obviously responds to the luminous intensity. Otherwise, the response
is less obvious. Therefore, it can be determined the objects that respond to more than half of luminous intensity is
related to ones to be measured, or else it is not the object to be measured. Therefore, in the case of the grey level of
each column is greater than half of the average grey level than this column, it is considered as the part related to the
object to be detected and the image foreground. Otherwise, it is not the detecting object, but the image background.
Based on above principles, the image segmentation is carried out as follows. Half of the gray average of the column
is set to identify the foreground and background thresholds.
The distinguishing thresholds of the foreground and background is set as
Th ( j )  0.5mc ( j )

(2)

The marks of foreground and background are indicated as
z (i, j )  sgn( I (i, j )  Th ( j ))

(3)

When I (i, j) is greater than Th (j), z (i, j) =1, which represents the foreground of the image, otherwise z (i, j) =0 or -1,
representing the background of the image. The image with uneven illumination shown as Figure 2(a) is utilized as
an example, and the image size is converted to 512 × 512. Figure2 (b) is the marks of foreground and background.
In order to highlight the edges of the conveyor belt and make the differences between the foreground and the
background more prominent, the foreground is weakened, while the background is strengthened.
I1 (i, j )  I (i, j )-z (i, j ) * Th ( j )

(4)

The results are shown in Figure 2 (c). Then, the image is segmented by the equation (5).
I o (i, j )  0.5  0.5sgn[ I 1(i, j )]

(5)

The results are shown in Figure 2 (d). The column vectors in Figure 2 (d) are summed and normalized to obtain
Figure 2 (e). In this way, the coordinates of the edges on both sides of the conveyor belt are Lx = 160 Pixel and Rx =
370 Pixel.
In engineering practice, the overall deviation and twist of the conveyor belt are likely to occur at the same time. In
this case, the left and right sides of the twisting conveyor belt are obtained in the same method as above, which is
shown Figure 3.
Different from the results in Figure 2, Figure 3 (d) is to obtain the external rectangle boundary of the conveyor belt
edge, which does not affect the judgment of the overall offset. According to Figure 3 (e) the coordinates of both
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sides of the smallest external rectangle of the conveyor belt in Figure 3(a) are Lx = 155 Pixel and Rx = 375 Pixel
respectively.

(a)

(b)

(c)

(d)

(e)

(a) original image; (b) marks of foreground and background; (c) weakened foreground and strengthened background; (d)
segmentation result; (e) longitudinal projection of the image (d)

Figure 2. Fast detection of belt edge of image with uneven illumination.

(a)

(b)

(c)

(d)

(e)

(a) original image; (b) marks of foreground and background; (c) weakened foreground and strengthened background; (d)
segmentation result; (e) longitudinal projection of the image (d)

Figure 3. Fast detection of belt edge of image of twist deviation.
DETECTION OF OVERALL DEVIATION
The schematic diagram of conveyor belt deviation is shown in Figure 4. The width and height of the image are W
and H. In the image, the width of the conveyor belt is Wb, and the center coordinate of the belt is O. The coordinates
of the points at the outermost edge of the belt are Lx and Rx, and their center coordinate is O1. The coordinates of the
points at the innermost edge are Lx1 and Rx1 respectively.

Figure 4. Schematic diagram of conveyor belt deviation.
If the belt does not twist during the operation, Lx  Lx1 and Rx  Rx1 . The overall offset amount Es is
represented by the ratio of the distance between center coordinates O1 and O to the width of the conveyor belt Wb.
Es 


O1  O
 100%
Wb
Lx  Rx  2  O
 100%
2Wb

(6)
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Where, Es is positive, representing deviation to the right side, otherwise, representing deviation to the left side. In
the commissioning of the system, the width Wb of the conveyor belt and the center coordinate O expressed in the
unit of pixels are unknown, and need for calibration. In normal operation state without deviation, the conveyor belt
is made to revolve for at least one cycle so as to calculate the widths of the belts and the center coordinates in each
image, which are averaged as the basic parameters Wb and O to evaluate the deviation. The two basic parameters are
calibrated at intervals determined by the managerial personnel on the scene.
The coordinates of edges on both sides of the conveyor belt in Figure 2 (a) are obtained according to Figure 2 (e), Lx
= 160Pixel and Rx = 370Pixel. The coordinate of the center lines of the two edges is 265Pixel, and the center
coordinate of the belt is 256 Pixel. The range deviation of the center line is 9Pixel. The width of the conveyor belt is
210Pixel. The offset Es of the overall deviation is 4.3%, which is in the normal limits. The coordinates of edges on
both sides of the conveyor belt in Figure 3 (a) are obtained according to Figure 3 (e), Lx=155Pixel and Rx =
378Pixel. The coordinate of the center lines of the two edges is 266.5Pixel, and the center coordinate of the belt is
256 Pixel. The range deviation of the center line is 10.5Pixel. The width of the conveyor belt is 210Pixel. The offset
Es of the overall deviation is 5%, which is in the normal limits.
There are frequent swings during the running of the conveyor belt. In order to avoid the instantaneous deflection and
the false positives of the fault, the average offset Es calculated in time interval t is taken as the evaluation
parameter of deviation:

E

1
N

N

 E (i )
i 1

s

(7)

 t 
 is the frame number of the image collected by camera within t . Function Int( ) denotes
H/ f 

Where, N  Int 

rounding. f is the line frequency of the camera, H is the height of the image, and t
generally taken 30 seconds.

is time interval which is

DETECTION OF TWIST DEVIATION
If there is no overall offset, the conveyor belt may either operate in normal status or twist. If the twist angle is too
large, the warning should be given to remind the operator to find the cause and dispose timely so as not to lead to the
whole shift or equipment damage.
Twist Detection
If there is no overall deviation on the conveyor belt, the twist deviation is further distinguished based on the image
with weakened foreground and strengthened background (Figure 2 (c) and Figure 3 (c)). If twist deviation occurs on
the conveyor belt, the variance of each column at the inner side of the edge of the belt after weakening foreground
and strengthening background is great. Otherwise, the variance is relatively small. Therefore, the variation rate of
the column variance of conveyor belt edges could be utilized to carry out the twist detection.
Vector quantity of variance of the column

 c ( j) 

1
H

H

[ I (i, j )  m ( j )]
i 1

1

c

2

(8)

Variation rate of the column variance of the conveyor belt edges

Tvar   c ( Lx  1)   c ( Lx )   c ( Rx  1)   c ( Rx ) / 2

(9)

After repeated experimental tests, Tvar greater than 50 indicates the existence of twist deviation on the conveyor belt.
Otherwise, there is no twist deviation. In Figure 2 (c), Tvar = 15.83, and there is no twist deviation. In Figure 3 (c),
Tvar = 64.35, which indicates the existence of twist deviation.
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Calculation of Twist Angle
In the case of twist deviation of the conveyor belt, the inclination degree is represented as the deviation angle αs,
which is the angle between the edge of the conveyor belt and the vertical direction. The angle is as shown in Figure
4, and its calculation formula is:

 s  arctan(

L
)
H

(10)

Where, H is the height of the image, L is the maximum horizontal offset of the inclined conveyor belt,
L  Rx  Rx1  Lx1  Lx .
Figure 3 (a) is taken as an example in the following. Formula (3) is rewritten as:
z (i, j )  0.5sgn(Th ( j )-I (i, j ))

(11)

Afterwards, it is substituted into Formula (4) and (5) to carry out image segmentation and obtain Image I0. The
foreground and background of the image are strengthened and weakened respectively, and the edges on both sides of
the conveyor belt are prominent, which are as shown in Figure 5 (a). Within the range  Lx, Rx  of the edge of
conveyor belt which obtained in the detection of overall deviation, image I0 is segmented to get image I1. That is,
Figure 5 (a) is segmented within the range of [103, 393] to obtain Figure 5 (b).

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(a)segmented image; (b) segmented results within the edge of conveyor belt; (c) sub-image on left side; (d) sub-image on right
side; (e) horizontal mirror image of figure (d); (f) point multiplication result of figure (b) and (c); (g) normalized longitudinal
projection of Figure (d)

Figure 5. The fault Identification of twist deviation.
Image I1 is divided into two sub-image A (shown in Figure 5 (c)) and sub-image B (shown in Figure 5 (d)) along
the vertical center line, namely I1   A B  . The sub-image B is rotated 180 degrees to obtain B1 = Rotate (B, 180°),
as shown in Figure 9 (e). A and B1 are conducted with point multiplication, obtaining:
I 2  A.* Rotate(B , 180  )

(12)

Figure 5 (f) shows Image I2, indicating that point multiplication could eliminate all interference information which is
asymmetrically distributed with the vertical center line. Afterwards, the column vectors of I2 are summed and
normalized, and the results are shown in Figure 5 (g). The distance between the peak point and the zero crossing
point is 26, which is the maximum horizontal distance L of the deviation of the conveyor belt. L = 26 and H = 512
are substituted into Formula (10) to obtain deviation angle αs = 2.907°, which is smaller than 5°. This indicates the
twist deviation of the conveyor belt is within the normal limits.
In order to avoid the impact of instantaneous deviation of the conveyor belt, the average deviation angle within a
time interval t is taken as the evaluation parameter of the twist deviation:
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1
N

N


i 1

s

(i )

(13)

Where, the value of N is equal to N in formula (7).
SIMULATION AND EXPERIMENT ANALYSIS

The experimental device is composed of LED light source, industrial grade linear array CCD camera, controller,
exchanger, and computer. The detailed introductions see in literature [5]. The non-bearing surface of the upper belt
is lighted by the five-section LED light sources that form an arch structure, and the bearing surface of the lower belt
is lighted by long LED straight light sources. The images of both surfaces are acquired by a camera respectively.
Horizontal installation position of the camera is aligned to the center of the conveyor belt. The maximum line
frequency of the camera is 19 kHz, and the image resolution is 2048 × 1024. The following image processing
utilizes Matlab software platform.

(a)

(b)

(c)

(d)

(a) shadow scratches and holes (b) deep and longitudinal scratches (c) overall deviation (d) twist deviation

Figure 6. Examples for belt edge detection.

(a)

(b)

(c)

(d)

Figure 7. The binary images segmented by LSD for Figure 6 (a)–(d).

(a)

(b)

(c)

(d)

Figure 8. The binary images segmented by Hough transform for Figure 6 (a)–(d).
The image collected on the conveyor belt of which the running speed is 1.5m/s, the bandwidth is 0.6m, and length is
10m is taken as an example. The image of the conveyor belt with shadow scratches and holes, deep and longitudinal
scratches, cracks and overall deviation, as well as strong noise and the twist deviation is analyzed, which is as shown
in Figure 6 (a)-(d). For ease of the analysis, the image size is adjusted to 512 x 512. LSD method, Hough method,
and the method proposed in this paper are utilized to carry out the analysis, and the processing results are shown in
Figure 7, Figure 8 and Figure 9. LSD method adopts the demonstration program in literature [24]. As shown in
Figure 8, LSD method analyzes the shadow scratches in Figure 6 (a) and longitudinal scratches in Figure 6 (b) as
straight lines. Furthermore, it segments noise induced by the uneven illumination into a series of small line segments,
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which increase the difficulty of extracting the edge lines of the conveyor belt. Figure 8 shows the results of
extracting edges in Figure 6 through Sobel operator and Hough transform. The minimum length of the detected line
in Hough transform adopts the optimal threshold value of 100 Pixel. As shown in the figure, it segments the edge
straight lines and longitudinal scratches into discontinuous line segments. Furthermore, the effects of the noise are
great. Therefore, it is not easy to extract the edges of the conveyor belt. Figure 9 is the analysis results of this paper.
The outer rectangle of the conveyor belt edges in Figure 9 (a)-(c) and Figure 9 (d) are measured accurately.
Therefore, this method is suitable for deviation detection.

(a)

(b)

(c)

(d)

Figure 9. The binary images segmented by our method for Figure 6 (a)–(d).
Finally, the operation time of each method is compared, which is as shown in Table 1. It can be discovered that the
operation speed of the method proposed in this paper is obviously superior to LSD method and Hough method.
Table 1. Comparison of running time.
Image number

LSD method /s

Hough method /s

Method in this paper /s

Figure 6(a)

0.25

0.53

0.038

Figure 6(b)

0.25

0.47

0.038

Figure 6(c)

0.24s

0.55

0.038

Figure 6(d)

0.25

0.66

0.039

In engineering practice, the requirement of real-time performance is relatively high. In to further accelerate the
processing without affecting the accuracy, five rows evenly spaced are segmented and calculated in a frame of
image in the extraction of the conveyor belt edge through repeated experimental tests. The conveyor belts with the
widths of 0.6m and 1m in the laboratory are utilized to collect images respectively, and the image sizes are
2048×1024. In the image of the conveyor belt with the width of 0.6m, the longest time to directly process each
frame is 0.189s, and the longest time for processing the five rows evenly spaced is 0.074s. In the image of the
conveyor belt with the width of 1m, the longest time to directly process each frame is 0.247s, and the longest time
for processing the five rows evenly spaced is 0.075s. If the actual resolution is 1mm, this method in this paper can
meet the requirements of processing the conveyor belt with the running speed of 13.6m/s. However, the actual
conveyor belt speed is about 6m/s.
The simulation test is carried out to objectively evaluate the accuracy and noise immunity of this method. The size
of the designed image is 512×512. The width of the conveyor belt is 128 Pixel. The variation range of the overall
deviation is set between -20 and 20 Pixel. Twist deviation angle is -100~100. In the test of overall deviation, 50%
salt & pepper is added in the image. The method proposed in this paper is utilized to carry out the test, and the
analysis results are as shown in Figure 10 (a). The measurement error of the overall deviation is close to zero.
In the test of twist deviation, 10% salt & pepper noise is added in the image. The method proposed in this paper is
utilized to carry out the test, and the analysis results are as shown in Figure 10 (b). As shown in the figure, the
average angle error is 0.53°, and the maximum angle error is 0.88°. If the impulse noise is continuously added, the
relative error of the deviation angle will increase.
It is indicated that the measuring range is -15%~15% of the width of the belt and -10°~10° of twist angle, which
could meet the requirements in detecting the deviation of the conveyor belt.
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(a)

(b)

(a) Analysis of overall deviation effect; (b) Analysis of twist deviation effect

Figure 10. Results of the analysis of the practical effect of deviation detection.
CONCLUSIONS
(1) Based on the characteristics of the image collected by the linear array camera, the image of the conveyor belt is
quickly and effectively segmented. The segmentation speed and the anti-noise performance are better than the
traditional algorithm.
(2) The experimental test shows that this method can meet the requirements of timeliness and accuracy of the
deviation fault detection for the conveyor belt under the speed of 13.6m/s.
(3) In Practical engineering application, Matlab program will be packaged into a dll file for system calls.
Multi-thread parallel processing is adopted among the system modules. Its processing speed is equal to the test
results in Matlab platform.
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