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Abstract
In automatic and accurate reading recognition of analog meters based on machine vision, one of important
issues is the detection of pointer features, which includes the meter center and pointer image processing.
The current automatic-recognition approaches to reading analog meters often consist in locating the meter
center based on the dial region or its border. The located center is not coincident with the rotation center
of pointer which leads to inevitable reading errors. In the paper, the centripetalism of annular scale lines is
used to calculate the position of the pointer rotation center. First, it uses the region growing method to locate
the dial region and uses the eccentricity measure to extract annular scale lines. Second, the parameters of
these scale lines are estimated with the Hough transform method. Then, the common intersection of a group
of lines, i.e., the meter rotation center, is determined with the maximum probability criterion. Finally, the
pointer centerline and direction are detected through the calculated center and the Hough transform results.
The simulated and experimental results demonstrate that the proposed method can accurately locate the
pointer rotation center and obtain pointer centerline. Moreover, it is applicable to the meter image captured
under a slant camera view or with uneven light illumination.
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1. Introduction
The pointer meter is widely used in industrial fields and power transmission systems due to its
simple structure, strong resistance to electromagnetic interference and low cost. In the process of
regular calibration or metrological verification, the operator has to manually record the indicated
value. This manual technique is inconvenient and ineﬃcient, and the reliability and accuracy of
reading are relatively low [1, 2]. Also, the non-digital signal output of the pointer meter cannot
be processed by a computer. Therefore, an automatic reading method that transforms the value
into the digital signal [3, 4] should be urgently worked out for wider application. In recent years,
some automatic pointer meter recognition methods have been developed [5, 6] which can be
summarized into two categories. First, the template matching-based method is used to determine
Copyright © 2020. The Author(s). This is an open-access article distributed under the terms of the Creative Commons AttributionNonCommercial-NoDerivatives License (CC BY-NC-ND 4.0 https://creativecommons.org/licenses/by-nc-nd/4.0/), which permits use, distribution, and reproduction in any medium, provided that the article is properly cited, the use is non-commercial, and no modifications or
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the angle between the zero-scale line and the pointer centerline and then the indicated value is
obtained [7]. Second, the distance method is used to obtain the indicated value by comparing the
pointer centerline with scale lines [8–10].
In the case of automatic reading methods for pointer meters, determining the meter center
location is an essential task that can ensure the accuracy of pointer extraction and reading value.
In general, the circular shape feature of the meter dial is used to locate the meter center. For
example, Chi et al. [11] use the region growing method to segment the dial region. Then the
central point of external rectangle of dial region is used as the meter center. Ma et al. [12] use
the roundness feature of connected regions to extract the small light-colored region around the
center of the meter. Then the meter center is estimated by the gravity center method.
The above-mentioned region based methods are easily aﬀected by illumination shadows,
shape defects or surface contamination. At the same time, only front viewing meter image can
be processed. If the image of meter taken by a camera is not front viewing, spatial deformation
will occur due to the perspective transformation of camera. The circular meter dial will become
ellipsoidal. And the application of these methods the deformed circle shape will yield an inaccurate
location of the center as it no longer coincides with the meter center. In result, the final reading
may have large deviation.
It is well known that the extended lines of annular scale lines evenly distributed on the dial
border will pass through the rotation center of pointer. This paper bases on the application of
the centripetalism principle of annular scale lines to locate the rotation center of pointer. In this
approach, the dial region is segmented by, first, using the region growing method. Then, the linear
objects are extracted by applying the eccentricity measure to binary images. Next, the Hough
transform is employed to estimate the fitting parameters of scale lines. The pointer rotation center
location is obtained through determining a common intersection point of the detected lines.
Finally, based on the located center, the pointer centerline and its direction are detected.
The principle of the proposed method is introduced with the help of a simulation example.
Further, the experiments with two diﬀerent pointer meters are presented and the performances of
two methods are compared. Experiments with pointer detection based on diﬀerent methods are
then conducted and the results are compared.

2. Principle of method
2.1. Dial region segmentation
The region-growing method is adopted to extract the dial region from the meter image. The
main steps are as follows.
1. Since the dial is usually white, the region with a high gray level or the pixel point with the
highest gray level in the meter is selected as the growing seed point [13].
2. Taking advantage of the similarity of the region’s gray level, the expansion of the dial
region is conducted from the seed point. If the diﬀerence of gray value between the seed
and the pixels surrounding the seed is less than a given threshold value, these pixels will
be combined with seed point into the same region. New pixels will be taken as a new seed
points to continue the above process until no pixels meet the requirement.
The gray level of the dial region is obviously diﬀerent from that of the meter border, so a
nearly circular dial region can be segmented. The pointer meter image is then processed and the
resulting segmented dial image is shown in Fig. 1.
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a)

b)

Fig. 1. Results of dial segmentation of the pointer meter: a) meter image, b) dial region.

2.2. Extraction of linear objects
In the binary dial image, one can use the eccentricity measure to extract linear objects such as
scale lines and the pointer. For the linear objects of diﬀerent direction and size, the eccentricity of
ellipse [14, 15] can more accurately describe their shape characteristics compared with circular
or rectangular features. The eccentricity of a connected region is given by
√
e = 1 − b2 /a2 .
(1)
In the expression above, a2 and b2 are calculated according to the following equations,
√
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)2
2
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a = 8  Mxx + Myy +
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b = 8  Mxx + Myy −
Mxx − Myy + 4Mxy  ,



(2)

(3)

where Mxx , Myy and Mxy are the second-order central moments of a connected region in binary
images, and they are calculated according to the following equations,
Mxx =

N
1 ∑
(x i − X0 ) 2,
N i=1

(4)

Myy =

N
1 ∑
(yi − Y0 ) 2,
N i=1

(5)

Mxy =

N
1 ∑
(yi − Y0 )(x i − X0 ),
N i=1

(6)

where (X0 , Y0 ) are the center coordinates of region, x i and yi are horizontal and vertical coordinates
of the pixels in the region, and N is the pixel number of the region. If this region is near to a circle,
then the eccentricity is close to 0. If this region is close to a linear shape, then the eccentricity
is close to 1. Therefore, the eccentricity measure can distinguish the linear objects with other
shapes.
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The binary dial image which is shown in Fig. 2a can be obtained from the segmented dial
image with Otsu’s algorithm [16]. In this figure, the object regions are expressed as white pixels.
The eccentricity values of all connected components are calculated and their histogram figure is
shown in Fig. 2b. A threshold value close to 1 is then selected. For example, we selected 0.97 for
this paper, and then we were able extract the annular scale lines that are shown in Fig. 2c.
a)

b)

c)
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Fig. 2. Extraction of linear objects with the eccentricity measure: a) binary dial image, b) eccentricity
histogram of connected regions in binary dial image, c) extracted linear objects.

2.3. Location of the rotation center of the pointer
In general, the annular scale lines in an analog meter are evenly distributed on the dial border
and, when extended, the lines pass through the rotation center of the pointer. If the fitting lines for
them are obtained, the rotation center can be located. Here we use the popular Hough transform
method (HTM) to detect the parameters of linear objects.
Based on the principle of HTM, a point of interest (x i , yi ) in the image space will map to a
sinusoidal curve in the Hough space defined by ρ and θ according to the following equation.
ρ = x i cos θ + yi sin θ,

(7)

where ρ represents the normal distance from the origin to this point, and θ represents the angle
of the normal vector with the horizontal axis. The step angle of θ can be set to 0.1 degree and
its possible range is from –90 to 90 degrees. A group of points located in a line will correspond
to a series of sinusoidal curves with a common intersection point (θ i , ρi ) in the Hough space
[17–19]. Therefore, by using the HTM we can obtain the parameters of lines and then the fitting
line in image space can be written as
(
)
(
)
y = tan−1 θ i x + sin−1 θ i ρi .
(8)
In addition, the HTM can avoid the noise eﬀect and line discontinuity to a large extent. In this
case, we can fit all linear objects in the spatial image among which the pointer is included. To
obtain the sharp peak and ensure the uniqueness of the result, the object image as shown in Fig. 2c
is thinned before the Hough transform, and the result of the thinning is shown in Fig. 3a. Then
the Hough transform is performed, and the result is shown in Fig. 3b.
After the parameters of all fitting lines are calculated, we can determine the rotation center
coordinates with the maximum probability criterion. The main steps of center location algorithm
includes are as follows. (1) A two-dimensional array with zero as initial value is built as an
accumulator as shown in Fig. 4, where each grid represents a pixel corresponding to meter image.
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a)

b)

Fig. 3. Results of the thinning and the application of the Hough transform to the object image as shown in Fig. 2c,
a) thinning, b) Hough transform.

(2) One is added to the value of the grid that the fitting line passes through. (3) After all fitting
lines are plotted, the position corresponding to the maximal value in the array can be found and
the rotation center is determined. If there are two or more maxima in the array, the following
formula is used to determine the coordinate of rotation center.




x0 =











 y0 =


1∑ ′
x ,
n i=1 i
n
1∑ ′
y ,
n i=1 i
n

(9)

where (x 0 , y0 ) are the coordinates of the rotation center, (x i′, yi′) are the positions corresponding
to the maximal value, and n is the number of points.

Fig. 4. Diagram of a 2D accumulator used in
the determination of the rotation center.

2.4. Detection of pointer and its direction
The pointer is the longest connected component in the dial image, and so it will correspond to
the maximum peak point in the Hough space. Therefore, we can obtain the pointer centerline by
finding out the coordinate (θ M , ρM ) of this maximum peak. In order to avoid the problem of the
pointer centerline not passing through the rotation center of pointer, the center (x 0 , y0 ) calculated
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in Section 2.3 is taken as another constraint in the detection of the pointer. The equation of pointer
centerline is given by
(
)
y − y0 = tan−1 θ M (x − x 0 ) .
(10)
After the pointer is detected, the pointer direction also should be determined. In the extraction
results for the annular scale lines and the pointer as shown in Fig. 2c, the largest connected
component including the rotation center must be the pointer region. Then the pointer direction
is determined through comparing the relative position between the gravity center of the pointer
region and the rotation center.
3. Theoretical analysis of the method performance
1. Feasibility verification of the method. An image that includes annular scale lines is simulated with short lines evenly distributed around the circle border. The center of the circle,
namely, the intersection point of all short lines, is (141, 141) pixel. With the HTM, the
detection results are shown in Fig. 5 and the detected center is the same as the given
value. Also, the detected lines highly agree with the original lines. The simulated results
show that the rotation center can be located on the basis of these short annular scale lines.
Furthermore, the method based on structural features is also more reliable which can be
concluded from the following experiment.
a)

b)

c)

Fig. 5. Example of center location for simulated meter image: a) ideal image with simulated annular scale
lines, b) Hough transform result of simulated image, c) center location results.

2. Performance of the method applied for the non-front viewing image. When we recognize
the reading value of pointer meter with the naked eye, the eye sight should be perpendicular
to the meter surface. There is a similarity between human vision and machine vision, and
so the camera captured image also should poses in the front viewing.
However, it is very diﬃcult to adjust the optical axis of a camera perpendicular to the
meter surface. The captured image has often slight spatial deformation due to the perspective
transformation of camera. The circular meter dial will become ellipsoid and the ellipse’s center
will no longer coincide with the center of the circular dial. This problem is illustrated in Fig. 6.
A front viewing image with extended annular scale lines and circular border is shown in Fig. 6a
and its right viewing image is shown in Fig. 6b which is similar to the image captured by the
camera from the right side. The dial center calculated with the traditional method is same as it
comes to the center of the ellipse after deformation, i.e., the central point of the external rectangle
of the ellipse region. However, in Fig. 6c we can see obviously that it has large deviation from the
rotation center.
594

Metrol. Meas. Syst.,Vol. 27 (2020), No. 4, pp. 589–599
DOI: 10.24425/mms.2020.134840

a)

b)

c)

Fig. 6. Illustration of spatial deformation. (a) and (b) describe the image captured in front and right views, (c) the diﬀerence
of rotation center (the symbol’*’ in the three figures) and ellipse’s center expressed as ‘o’ in Figure (c).

Therefore, traditional region-based methods no longer prove accurate when applied to the
non-front viewing image. But it should be noted here that the annular scale lines in the deformed
image will still coincide with the rotation center of the pointer.
4. Experiments
Two types of pointer meters are tested in the experiments. One meter is a dial pointer meter, in
which annular scale lines are distributed equally in whole circular border. The other is a pressure
gauge with only a part of annular scale lines and many words appearing on the meter dial. In
addition, the camera view and light illumination are also considered in the experiment.
The first set of experiments is conducted with a dial pointer meter and its images captured
under diﬀerent camera views are shown in Figs. 7a and 7d. With the proposed method almost all
a)

b)

c)

d)

e)

f)

Fig. 7. Pointer features detection of an analog dial meter under diﬀerent camera views: a) and d) original meter images,
b) and e) annular scale lines and corresponding fitting lines, c) and f) the pointer and its rotation center.
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annular scale lines as well as the pointer are extracted in both images. The fitting straight lines
for the longer scale lines are plotted in Figs. 7b and 7e. The detected pointer and its centerlines
are shown in Figs. 7c and 7f.
Based on the determined center and the minimum distance from the center to the dial edge as
the radius value, we plot a standard circle in the original meter image. By comparing of the dial
border with the standard circle, it can be found that the slight spatial deformation is included in
the image as shown in Fig. 7d. This indicates that it is captured under a small slant viewing angle.
The second set of experiments is conducted with a pressure gauge. At first, the images captured
under a slant camera view are considered which are shown in Figs. 8a and 8d. This can also be
found by comparing the standard circle plotted in Figs. 8c and 8f with the dial border. In another
image shown in Fig. 8g, uneven light illumination is included and so only a small number of lines
can be extracted. Three images are processed in steps similar to the experiment above.
a)

b)

c)

d)

e)

f)

g)

h)

i)

Fig. 8. Pointer features detection of a pressure gauge under diﬀerent camera views and uneven light illumination. Original
images (first column), annular scale lines and corresponding fitting lines (second column) and the pointer and its rotation
center (last column).

By using the algorithm of [11] and our method, the pointer rotation centers of five images are
obtained and listed in Table 1. Then the manually-measured values are employed as true values.
The absolute error is defined as the distance between the located value and the manually-measured
value. The detected results indicate that our method is good at detecting the pointer features and
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is superior to the algorithm of [11] with respect to accuracy and robustness of center location. It
also should be noted that the image in Fig. 8g posed a particular challenge in the detection of the
pointer rotation center because only a limited number of scale lines can be used. However, our
method can still detect reliably and has minor absolute errors.
Table 1. Comparison of rotation center of pointers (unit: pixel).
Algorithm of [11]

Our method

Figure
number

Manual
measured
values

Located
dial result

Absolute
error

Located
rotation center

Absolute
error

Fig. 6a

(182, 181)

(183, 181)

1

(182, 181)

0

Fig. 6d

(182, 184)

(181, 185)

1.41

(182, 185)

1

Fig. 7a

(177, 179)

(177, 182)

3

(177, 181)

1.41

Fig. 7d

(168, 168)

(167, 172)

2.24

(168, 169)

1

Fig. 7g

(194, 182)

(191, 184)

3.6

(194, 183)

1

Although the absolute error in Table 1 is acceptable, the reasons which caused the error are
still discussed here. The quantization level of the Hough space will aﬀect the accuracy of straight
line parameters, and hence the fitting lines will slightly deviate from the ideal position. The
integer pixel level is used in the center estimation based on the maximum probability criterion.
The true value from the manual measurement may be not very accurate. Additionally, when the
meter image with low spatial resolution is applied in the calculations, the shorter scale lines may
aﬀect the fitting accuracy. As a result, these factors will lead to errors of location.

5. Conclusions
A method based on machine vision is proposed in the paper to detect pointer features including
the rotation center of pointer, the pointer centerline and the pointer direction. The new method
is based on implementation of centripetalism of annular scale lines to detection, and so it is
a structural feature based method that is diﬀerent to the traditional region-based methods. The
simulation examples and experiments prove that the proposed method can eﬀectively overcome
the problem of the optical axis of camera not being perpendicular to the meter surface. It is also
not sensitive to uneven light illumination. These advantages indicate that the proposed method
has strong robustness and can be applied in many complex situations to detect pointer features.
This will be also very useful in automatic reading recognition in the next step.
In the current work, only longer scale lines are used in the rotation center estimation. In
practice, the more scales lines can also be used and the reliability of the method will further
improve. In future work, we intend to complete our method to determine the reading value of
meter and further improve the adaptability of the method to more complex industry environments.
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