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Abstract: The damage or loss of urban road manhole covers
may cause great risk to residents’ lives and property if they
cannot be discovered in time. Most existing research
recommendations for solving this problem are difficult to
implement. This paper proposes an algorithm that combines
the improved Hough transform and image comparison to
identify the damage or loss of the manhole covers in
complicated surface conditions by using existing urban road
video images. Focusing on the pre-processed images, the edge
contour tracking algorithm is applied to find all of the edges.
Then with the improved Hough transformation,
recognition and image matching algorithm, the manhole cover
area is found and the change rates of the manhole cover area
are calculated. Based on the threshold of the change rates, it
can be determined whether there is potential damage or loss in
the manhole cover. Compared with the traditional Hough
transform, the proposed method can effectively improve the
processing speed and sampling and
accumulation. Experimental results indicate that the proposed
algorithm has the functions of effective positioning and early

warning in the conditions of complex background, different

color

reduce invalid

perspectives, and different videoing time and conditions, such
as when the target is partially covered.
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he manhole cover is essential to any city. There are
T typically a large number of manhole covers in a city
which are difficult to manage and monitor. Once a man-
hole cover is damaged but not dealt with timely, it will
bring great hidden dangers to the lives, property, or safe-
U used the edge curvature to
determine the edge based on the traditional Hough trans-
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form method, which searches each edge profile in the are-
a and makes a grouping calculation based on the condi-
tions of the edge contour to determine the elliptical
shape. However, this method is limited by the standard
elliptical contour; therefore, it cannot be used on the
shape detection of broken and damaged elliptical manhole
covers. Kasemir et al. ' proposed a detection algorithm
for the elliptical shape in a high noise level image. The
algorithm combines the improved Hough transform and
the genetic algorithm. However, we need to design a no-
vel algorithm that synthesizes the improved Hough trans-
form and image comparison for solving different technical
problems; so it is difficult to generalize this algorithm for
the detection of the broken manhole covers. Wei et al. "
developed a detection method on the incomplete elliptical
image in strong noise environments based on the iterative
randomized Hough transform (IRHT). The IRHT method
iteratively applies the randomized Hough transforms, con-
stantly adjusting the iterative parameter and repeatedly
amplifying the target curve by using image space and pa-
rameter space. Due to the fact that the core of this meth-
od is the iterative computation, it is time and computer
memory demanding, and thus its adaptability for moving
vehicles is poor in dynamic environments. Much research
has been done on the manhole cover, but the research
mainly focuses on manufacturing intelligence, by which a
timely alarm can be set if the manhole cover is damaged.
Although this method can effectively monitor the manhole
cover, the implementation process of these measures re-
quires extensive human and material resources, which
will be very expense. Since a large number of manhole
covers need to be maintained, there will be a great resist-
ance for the application of manufacturing intelligence'*. In
recent years, many cities have established municipal video
monitoring networks. Therefore, using existing video sur-
veillance networks, and the image acquisition and process-
ing technology of computer vision, we develop a method
to monitor the manhole covers and raise alarm in time
when there are missing and broken manhole covers. This
can achieve the aim of monitoring manhole covers without
any hardware investment and repetitive construction.
Usually, very complex images can be taken by cameras
with a complex background, but people are often interest-
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ed in a particular region of the image with special charac-
teristics, which is the target area. It is necessary to ex-
tract the target area from the original image to further
identify and analyze the target. This paper focuses on
identifying the manhole cover region with more clear geo-
metric features and computational geometry characteris-
tics. Hence, compared with other spatial invariance fea-
tures, calculating geometric features is more simple and

: [5]
convenient

, and with the help of the colour recognition
algorithm, it can better meet the requirements of accuracy
and real-time. Therefore, we select the geometry features
and colors of the manhole cover as the positioning method
to contrast the images and detect manhole cover break-

age.
1 Overall Scheme

The manhole cover in the image can be viewed approx-
imately as the distortion of ellipses. The recognition of
the manhole cover is to determine the region' and posi-
tion of the manhole cover with edge curves calculated by
the image processing algorithm. The Hough transform is
not sensitive to image noise, and it easily conducts paral-
lel processing and convenient for handling characteristics
when images are covered locally. Therefore, it is more
suitable for the elliptical extraction of the manhole cover
image with complex backgrounds'”™. However, the tra-
ditional Hough transform has several limitations:

1) It requires a large amount of computation. For line-
ar, the algorithm complexity is O(n”); for circle and el-
lipse, the algorithm complexities are O( n’) and O(n’),
respectively.

2) It needs a large CPU memory.

3) The parameters extracted by quantization have inter-
val constraints of parameter space, so it is difficult to
meet high precision and real-time requirements.

Therefore, conducting an elliptical traditional Hough
transform directly in the image with complicated back-
ground is not feasible'”’. In order to overcome the limita-
tions of the traditional Hough transform, this paper first
conducts the edge search to find the edges above all the
image and stores them in the image list. Then we divide
them into each sub image which is transformed by
Hough. This can reduce the noise influence to a great ex-
tent and reduce invalid image accumulation. Also, the
space of the Hough transform and time consumption are
reduced to meet the system’s high precision and real-time
requirements. Due to the interference from other elliptic
objects'*"”, the road condition is very complex. So this
paper combines the color recognition and image alignment
algorithm to recognize and localize the manhole cover,
which can greatly improve the identification accuracy of
the manhole cover.

As shown in Fig. 1, the method mainly consists of four
parts: pre-processing, contour extraction, target localiza-

tion and identification, and detecting suspected damage.
In order to ensure an accurate extraction of the target re-
gion, before positioning, it is necessary to do some pre-
processing operations such as brightness and contrast ad-
justment, smoothing, and denoising and edge detection.
Then we search the edge, delete the useless contour, ex-
tract the useful contour, and recognize and localize the
manhole cover by the improved Hough transform and the
color recognition algorithm. Finally, the image matching
algorithm is used to calculate the suspected discrimination

by the change rate.

Preprocessing

!

Contour extraction

!

Target localization

!

Edge detection

Recognition result

Fig.1 The process of the proposed method

2 Identification and Localization of the Manhole
Cover

Since images are affected by acquisition conditions
such as illumination uniformity and the time period, we
need to carry out image preprocessing, which mainly in-
cludes the adjustment of brightness, equalization and
smoothing of the contrast histogram, the denoising meth-
od of mathematical morphology and the detection of Can-
ny edge'"'. These preprocessing algorithms are classic
approaches, which are not focused on in this paper.

2.1 Edge tracking

In order to analyze the shape of the collected image,
we need to find edge points of the target and then connect
the edge points into one continuous boundary for bounda-
ry tracking. As shown in Fig.2, the specific steps are as
follows:

1) Set a discontinuous reference distance “gap”, estab-
lish a two-dimensional image array [/ ( store two images
after binaryzation) and a dynamic two-dimensional array
“cur” (coordinate storage of edge point).

2) Scan a two-dimensional array / of an image from
top to bottom and from left to right, save the point on the
left side of A, after locating the edge point A,(x,, y,) in
the array “cur”, and set A,(x,,y,) to correspond to the
coordinate point /(x, y) =0 in the I array, showing that
the point has been recorded.

3) Scan the local window [x — gap, x + gap] x [y -
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gap, y + gap] centered by coordinates (x, y) in the image
I from top to bottom and from left to right, and seek the
nearest edge point A, to point (x, y). If A, exists, then
record A, for coordinates (x, y) and repeat Step 3), until
no edge points can be found. Denote edge points A (x,,
v.). It should be noted that in Step 3) the tracking edge
contour is carried out only in one direction.

4) A,(x,,y,) is regarded as the starting point coordi-
nates. Set (x,y) =(x,,Y,), repeat Step 3), and the end
point coordinate is denoted as A (x,, y,).

5) If there are n lines of continuous edge in the ima-
ges, repeat Steps 2) to 4) and produce a closed edge
point set. The corresponding edge point set is {cur(i), i
=1,2,...,n}.

Starting point 4,

End point 4,

v

Fig.2 The schematic of edge tracking

2.2 Elliptic automatic recognition

Among a plurality of edge point set boundaries calcu-
lated by the edge tracking algorithm, there is the elliptic
boundary of the manhole cover and other interfering
boundaries. To distinguish the target boundary from the
boundaries, we need to recognize the elliptical objects.
The camera angle is different, so the manhole cover in
the image will stretch and distort to a different elliptic ac-
cording to a certain angle, that is, an oblique ellipse with
a certain included angle existing in the direction of the
main shaft and the X shaft. The standard equation of the
ellipse is

2 2

(x ajco) +(y beO) _q ()
In the actual situation, the axis of the elliptical image
of the manhole cover is not parallel to the coordinate axes
and can be approximately seen as translation and rotation.
Also, the major and minor axis of ellipse may not be
parallel to the coordinate axes, which can be viewed as the

translation and rotation of the coordinates. As shown in

ror!

Fig.3, the xoy axis is translated to x'o’y’, and then x'0’y
non_.n non_n

is rotated to x"0"y”". The ellipse in the coordinates x"0"y
is finished. Supposing that the rotation angle is 0, the el-

liptic equations in the xoy coordinates can be written as

[(x —x,)cos6 +(y, —b)sing]’ N [(x —x,)siné +(y, —b)cosd]’ _

a v
(2)
The expression of the short half axis b is
_ a’[ (x =x,)sing - (y, — b) cosd]’ (3)
Al @ = [(x—x,)cos0 + (y, —b)sing]’
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Fig.3 The schematic of elliptic rotation and translation

Based on contour tracking, each profile in the list is
processed in turn. The steps are as follows:

1) For each profile in the list, initialize the horizontal
and vertical coordinates of the initial and end points from
the neighborhood control structure.

2) Do circulation processing of each pixel point in the
current contour neighborhood supposing that the point is
the center point C of the ellipse. Calculate the Euclidean
distance of every point in the current profile to point C,
find the maximum distance value, set it as the semi major
axis of the elliptic, and preserve the corresponding point
P.

3) If the maximum distance value found in Step 2) is
less than the specified threshold, then switch to Step 2)
and treat the next pixel of neighborhood structure, other-
wise, calculate the angle between point P and C connec-
tion and x axis.

4) Do circular processing of every pixel in the current
profile. According to Eq. (3), calculate the ellipse semi
minor axis b, and plus 1 to the value of each pixel in the
accumulator of the semi minor axis.

5) Carry out circular treatment for each element of the
accumulator of the semi minor axis. If its value is be-
tween the upper and lower bounds of the prescribed
threshold, set the current a, b, C, 0, respectively, as
the semi major axis, ellipse semi minor axis, center, ro-
tation angle of coordinate value, to obtain all the parame-
ters of elliptic equations, and add them to the list of ellip-
ses.

6) Empty the semi minor axis accumulator array.
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If there are any pixels of the current neighborhood
profile not disposed of, turn to Step 2), otherwise, turn
to Step 7).

7) If there are some outlines left in the list, turn to
Step 1), otherwise, the algorithm terminates.

Performing the Hough transform to each scattered con-
tour field and reducing the processing range can improve
the processing speed effectively, so the system can satisfy
the real-time requirement!'”’.

2.3 The image matching algorithm

Although the improved Hough transform algorithm can
recognize ellipses on the surface of the road, the average
case is very complex due to many other interfering elliptic
objects; therefore, the manhole cover cannot be distin-
guished from the elliptical interference. To solve this
problem, this paper adopts the color recognition and im-
age alignment algorithm after staining the manhole cover

at the same time. Besides the improved Hough method,
the comprehensive discrimination method combining these
two algorithms can improve the accuracy of the recogni-
tion. At the same time, the image matching algorithm
can distinguish between suspect broken or missing man-
hole covers by different rates'"”’ .

For the image matching algorithm, it requires a stored
image of the standard pavement of the manhole cover part
as a standard reference, and then the image is pretreated.
Since the detected pavement image and standard image
are different, after pretreatment, a registration of the
standard pavement image and the detected pavement im-
age is required. In the process of detecting, compared
with the input image and the standard image, if the
difference is greater than a certain threshold, the manhole
cover is suspected to be broken or missing. As shown in
Fig. 4, the image in Fig. 4 is the manhole cover pavement
image.

- L Distinguishing manhole
Image Image preprocessing Image registration |—>

cover breakage or deletion

*

| Standard image I T

Fig.4 The process of inspecting manhole cover’s breakage and loss

Image registration is a fundamental task in image pro-
cessing and is used to match two or more images acquired
at different time, different sensors, different angles and
different shooting conditions'”. Considering the actual
situation of the defective detection system, the difference
between the collected detected image and standard image
is rigid deformation, so we can use the registration meth-
od based on gray level information.

Assume that the standard reference image is R; the de-
tecting image is S, the size of R is m x n, the size of § is
M x N, as shown in Fig.5. The basic process of the im-
age registration method based on gray level information is
as follows: superimpose the reference image R on the im-
age S and translate; let the area covered by the reference
image on the searching image S to be the subgraph of §;
(i, j) is the coordinates of the upper left corner of sub-
graph in the image on the S. The search range is

I<isM-m, 1<j<N-n (4)

N-n

Fig.5 The basic process of image registration method

The registration process is completed by analyzing the
similarity between R and S,.

According to the similarity measure function, the regis-
tration methods based on gray level information can be
classified into the cross-correlation algorithm, the maxi-
mum mutual information registration method etc. The
cross-correlation algorithm is used to realize the registra-
tion of two images, which is the most basic image regis-
tration method based on gray level statistics. It requires
the reference image and the matching image with a similar
scale and gray information. The cross-correlation algo-
rithm is used to match the selected region of the image on
the reference template and to calculate the cross correla-
tion coefficient for each position on the reference image
and the matching image. The choice of the method is due
to that before calculating the cross correlation coefficient
of the reference image and the test image, a rotating oper-
ation is needed to ensure that the maximum cross correla-
tion coefficient is achieved when the axes of two plates
are parallel. To maintain an unchanged standard plate di-
rection, we only move the test plate, which can reduce
error and improve registration accuracy. The registration
process is shown in Fig. 6.

1) According to the preset step value, rotate the meas-
ured pavement image within a certain angle range (inclu-
ding the forward rotation and the backward rotation). Af-
ter each rotation, conduct a cross correlation calculation
of the selected area of two pictures.

2) Choose the corresponding rotation angle when the
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+ Calculate the cross correlation coefficient +
| a

Rotating a certain angle
g

Fig.6 The process of image registration by cross-correlation
algorithm

cross-correlation coefficient reaches the maximum; modi-
fy the measured pavement image according to the angle
and the axial of two images will become parallel.

3) Select some area on the revised image of the pave-
ment surface, and then calculate the cross-correlation co-
efficient. This is mainly in order to obtain the corre-
sponding position when the coefficient reaches its maxi-
mum.

4) Using the position of the maximum value, we can
deduce the relationship between pixel values of the corre-
sponding points on the two images. Through translation
and a cutting operation, complete the registration.

Conduct the XOR Boolean calculation after matching the
detecting manhole cover image with the standard image of
the two values, and then create the outline of image
change. After some morphological treatment, we can ob-
tain the suspected damaged area of the manhole cover. We

[

(b)

find the manhole cover area through the method of Hough
and color recognition and the alarm will sound when the
manhole cover area is beyond a certain threshold by calcu-
lating the suspected damage zone size in its region.

3 Program Verification

A simulation platform was developed based on the Mat-
lab. The experimental image is obtained by the color vid-
eo camera. Figs.7 to 9 show the key steps of image pro-
cessing. In each of Figs.7 to 9, the subfigure (a) is the
original image of a manhole cover, subfigure (b) is a
manhole cover image after dyeing, subfigure (c) is an
image of the manhole cover after damage or loss, subfig-
ure (d) is the preprocessed image of a manhole cover af-
ter damage or loss, subfigure (e) is an alarming manhole
cover image of the suspected defect. Fig.7 shows a man-
hole cover with a small area of the damage; Fig. 8 pres-
ents a manhole cover with a large area of damage; and
Fig. 9 shows the pictures of a completely lost manhole
cover. It is seen that this system can accurately sound the
alarm for manhole cover damage or loss in the above
three situations.

4 Conclusion

In this paper, the edge contour tracking algorithm is
first used to find all the edges of broken manhole cover
based on the pre-processing image. Then, the improved
Hough transform is adopted to find all the elliptic regions

(d)

Fig.7 The manhole cover with a small area of damage. (a) Original image; (b) Dyed image; (c) Image of damaged cover; (d) Prepro-

cessed image; (e) Alarm of damage

(a) (b)

(©)

(d)

(e)

Fig.8 The manhole cover with a large area of damage. (a) Original image; (b) Dyed image; (c) Image of damaged cover; (d) Prepro-

cessed image; (e) Alarm of damage

T —— et et SeemSR T e

Alarm of damage

()
Fig.9 The completely lost manhole cover. (a) Original image; (b) Dyed image;

(d)

(c) Image of damaged cover; (d) Preprocessed image; (e)

(e)
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and the color recognition algorithm is adopted to distin-
guish the manhole cover area from the elliptic regions.
The proposed synthesis algorithm can not only eliminate
the interference from other elliptic objects, but also ex-
clude the interference of other color approximate regions.
Therefore, it can accurately determine the manhole cover
area. After the manhole cover area is identified, the dam-
age rate can be calculated by the image matching algo-
rithm. Whether the change rate reaches the threshold val-
ue can be used to determine whether it is a suspected
damaged manhole cover or not. This synthesis algorithm
can effectively improve the processing speed of the tradi-
tional Hough transform and reduce inefficient sampling
accumulation. The experimental results show that the syn-
thesis algorithm has a good early warning effect in com-
plex backgrounds from different perspectives, and in dif-
ferent videoing time and conditions, such as when the tar-
get is partially covered.
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