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Abstract 
Aiming at the problems that the reading recognition of pointer-type meters in 
substations is easily affected by light conditions and the recognition accuracy needs to 
be improved, an intelligent reading algorithm of pointer-type meters is proposed based 
on the characteristics of pointer area images. In view of the low image quality caused by 
the influence of dark light conditions when shooting instrument images, domain-based 
exposure control loss is introduced based on ExCNet to perform image enhancement on 
instrument images in dark light. After obtaining a clear dial image, the OTSU algorithm 
is used to segment the dial, extract the pointer feature information, and use the least 
squares method to fit the straight line where the pointer is located. The minimum 
circumscribed rectangle of the pointer area is extracted by the rotation jamming 
algorithm, and the reading is recognized by the angle method after the rotation angle of 
the pointer is obtained. The experimental results show that the algorithm can accurately 
and effectively identify the pointer meter readings. 
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1. Introduction 

A large number of pointer meters are distributed in the substation to record the operation status of the 
power equipment. When the recorder represents the number, the traditional method mainly relies on 
the manual reading of the number, but this method is not suitable for extreme environments such as 
high temperature and high pressure [1, 2]. With the popularization of intelligent robots, the automatic 
identification method of pointer meter readings based on the images captured by inspection robots on 
site has been gradually developed [3, 4], which further promotes the development of substations in 
the direction of intelligence and digitization. 

The main methods commonly used in the detection of dial area include Hough transform [5], detection 
algorithm based on feature point matching [6] and target detection algorithm based on deep learning. 
Reference [7] uses the Hough circle detection algorithm to extract the dial area after preprocessing 
the image with uneven illumination intensity. Reference [8] uses the scale-invariant feature 
transformation algorithm (SIFT) to extract the sub-images of the instrument panel area according to 
the template image matching of the corresponding equipment. Reference [9] improved Mask R-CNN 
based on bilinear interpolation, and used the semantic segmentation branch network of Mask R-CNN 
to obtain binary masks of dials and pointers to achieve end-to-end instance segmentation of regions 
of interest. The further preprocessing of the dial image is mainly to eliminate the influence of complex 
backgrounds such as illumination changes, dense fog, etc. on the extraction of the feature information 
of the dial area. In [10], an unsupervised learning method was introduced into the Generative 
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Adversarial Network (GAN), and the dark-light image was enhanced by learning the original light 
map of the low-light image. Reference [11] proposed a multi-scale enhanced dehazing network with 
U-net as the basic network based on the enhancement mechanism and error feedback mechanism for 
image restoration in super-resolution denoising. In the extraction of pointer features, the least squares 
method, the region growing method and the methods based on deep learning are mostly used. 
Reference [12] improved the least squares method based on RANSAC to fit the straight line where 
the pointer is located. Reference [13] redesigned the Dice loss function of the U-net network to 
segment the pointer pixels in the pointer region. 

Aiming at the problems of low imaging quality of instrument images under dark light conditions, this 
paper introduces a domain-based exposure control loss function based on ExCNet, which can 
effectively overcome the problems of low exposure or overexposure in the dial area. Compared with 
the traditional angle method, the reading relies on the center of the circle to solve the rotation angle 
of the pointer or the angle between the tick mark and the pointer, and there is often an error in 
obtaining the fitted circle center by fitting the circle on the dial. This paper uses the rotation jamming 
algorithm to extract the pointer area. To circumscribe the rectangle, the rotation direction of the 
pointer is determined according to the positional relationship between the center of mass of the 
rectangle and the center of the dial circle, and then the angle of the pointer can be directly determined 
by the slope of the straight line fitted by the pointer. The effectiveness of this method is further 
verified by experiments. 

2. Research on Image Enhancement Algorithm of Instrument in Dark Light 

Image enhancement can significantly improve the visual quality of an image, including contrast 
adjustment, brightness adjustment, saturation adjustment, and exposure improvement. Traditional 
image enhancement algorithms include Gamma change, logarithmic transformation, histogram 
equalization, and Retinex methods. Currently, image enhancement using deep learning is a big trend, 
and it can also achieve good results. However, at present, some deep learning-based dark-light image 
enhancement algorithms [14, 15, 16, 17, 18] often learn feature parameters on paired training data 
through supervised learning, so their performance greatly depends on the quality of the training data 
set. However, for the dark-light image restoration problem, it is very difficult to collect sufficient 
training-qualified data. In addition, for these supervised learning-based methods, they tend to perform 
well on images that meet the lighting conditions in the training set, and the appearance of images with 
lighting conditions that did not appear in the training set will make these algorithms perform well 
significantly reduced. 

Based on the above problems, ExCNet [19] proposes to recover the image itself by learning an image-
specific exposure correction model, and this method can be adapted to images with different 
illumination parameters. ExCNet is a "zero-shot" dark-light image enhancement algorithm, which 
means that it does not require any prior dataset and prior training process. The core idea of ExCNet 
is to estimate the "S-curve" of the dark-light image I that is most suitable for the input within a limited 
number of iterations, and the original input image can be directly restored by using the S-curve. In 
addition, in order to be able to effectively measure the ill-exposed degree of the image I, a domain-
based loss function is designed inspired by the Markov Random Field (MRF), which maximizes the 
visibility of all domains while maintaining the Relative differences in neighborhoods. The training 
iteration process of ExCNet is mainly composed of two stages. First, the light channel 𝐼  of the input 
image is adjusted by using the intermediate S-curve parameters, and then the network weights need 
to be continuously updated to obtain the optimal S-curve parameters, and finally the enhanced image 
is obtained. 

2.1 Dark Light Image Enhancement Algorithm based on ExCNet 

The S-curve reflects a mapping between the input image and the enhanced image. As shown in Fig. 
1, the horizontal axis represents the pixel intensity value of the original input image, and the vertical 
axis represents the pixel intensity value of the adjusted enhanced image. When adjusting an image 
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using the S-curve, the upper right area represents the highlights in the image, and the lower left area 
represents the shadows in the image. 

 

 
Fig. 1 S-curve 

 

The S-curve can be parameterized by the shadow amount 𝜙  and the highlight amount 𝜙 . The 
specific implementation formula is: 

 

𝑓(𝑥: 𝜙 , 𝜙 ) = 𝑥 + 𝜙 × 𝑓∆(𝑥) −  𝜙 × 𝑓∆(1 − 𝑥) 

 

where 𝑥  represents the illumination channel of the input image, 𝑓(𝑥: 𝜙 , 𝜙 )  represents the 
illumination channel of the output image, and the increment function 𝑓∆(𝑡) is defined as 𝑓∆(𝑡) =
𝑘 𝑡 𝑒𝑥𝑝(−𝑘 𝑡 ) , 𝑘 , 𝑘  and 𝑘  are default parameters (𝑘 = 5, 𝑘 = 14, 𝑘 = 1.6) , so the 
interval range of 𝑓∆(𝑡) is [0,0.5]. 

The shape of the S-curve is determined by the two parameters 𝜙  and 𝜙 , 𝜙  adjusts the 
underexposed areas in the image, and 𝜙  adjusts the overexposed areas in the image. Given the 
original dark light image 𝐼, it is first necessary to find the optimal parameter pair {𝜙∗, 𝜙∗ } suitable 
for 𝐼, and then the S-curve can be used to restore the original dark light image. 

 

Table 1. CNN network structure to predict 𝜙  and 𝜙  

Type Input Output Output Dimension 

Conv + Pooling 𝐼  conv_1 (64, 64, 64) 

Conv + Pooling conv_1 conv_2 (32, 32, 128) 

Conv + Pooling conv_2 conv_3 (16, 16, 256) 

Conv + Pooling conv_3 conv_4 (8, 8, 512) 

Conv + Pooling conv_4 conv_5 (4, 4, 512) 

Fully connected conv_5 fc_1 (512, 1) 

Fully connected fc_1 fc_2 (256, 1) 

Fully connected fc_2 fc_3 (128, 1) 

Fully connected fc_3 𝜙 ,𝜙   
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ExCNet is designed to estimate the two parameters 𝜙  and 𝜙  of the S-curve as shown in Table 1. 
This CNN consists of a set of convolutional layers conv_1 to conv_5, the size of the convolution 
kernel is 3×3, each convolutional layer is followed by a 3×3 maximum pooling layer, and finally 
there are three fully connected layers, of which The last fully-connected layer is responsible for 
outputting intermediate estimates𝜙  and 𝜙  of shadow volume and highlight volume. From the 
intermediate estimated parameters 𝜙  and𝜙 , the intermediate S-curve 𝑓(𝑥, 𝜙 ,𝜙 ) can be obtained, 
and then the illumination channel 𝐼  of the original input image can be corrected to the intermediate 
through the intermediate S-curve Recovery result 𝐼 . 

Since there is no paired training dataset, the loss function can be designed based on the difference 
between the learned feature image and the GT (Ground Truth) image to update the network weights, 
ExCNet introduces Markov random field to design domain-based loss function pair The ill-exposed 
degree of the intermediate recovery result 𝐼  is evaluated. By iteratively minimizing the loss to 
continuously update the network weight of ExCNet, the optimal parameter pair {𝜙∗, 𝜙∗ } of the S-
curve can finally be obtained, and Adjust the original dark light image using the optimal S-curve. 
Compared with pixel-based methods, domain-based loss functions are able to better represent the 
visibility of content in the domain and measure the relative differences of neighboring domains. The 
loss function of ExCNet designed on the basis of introducing the Markov random field is: 

 

                                  ℒ = (𝐸 + 𝜆 𝐸

∈ ( )

)                                                               (1) 

 

where 𝜆 is a predefined constant term, for a given domain 𝑖 , the visibility of domain 𝑖  can be 
improved by minimizing 𝐸 . 𝐸  represents the change in the relative difference between two 
adjacent domains 𝑖 and 𝑗 before and after image restoration, 𝑗 ∈ Ω(𝑖) means domain 𝑗 belongs to 
the set of adjacent domains of domain 𝑖, and Ω(𝑖) means the 4-neighborhood of domain 𝑖 area. By 
minimizing ℒ, one can maintain as many differences between adjacent domains as possible while 
improving the visibility of each domain. 

𝐸  is defined as follows: 

 

                                                              𝐸 = 𝑠𝑖𝑔𝑛(𝑙 − 0.5) ∙ (𝑙 − 𝑙 )                                                        (2) 

 

where 𝑙  represents the average brightness of domain 𝑖  in the original input image illumination 
channel 𝐼 , and 𝑙  represents the average brightness of domain 𝑖  in the intermediate restoration 
result 𝐼 . Following the assumptions of HDR [20], 𝐸  measures the visibility of each domain by the 
distance between the domain mean intensity and the mid-gray value (0.5). Experiments have shown 
that when 𝑙 <0.5 or 𝑙 >0.5, 𝐸  can also encourage 𝑙  to be less than 0.5 or greater than 0.5. Overall, 
𝐸  makes 𝑙  continue to approach 0.5, so it can be inferred that 𝐸  guarantees the original The 
relative brightness relationship between brighter or darker regions in the input image 𝐼  can remain 
unchanged in the intermediate restoration result 𝐼 , while the overall visibility is improved. 

𝐸  is defined as follows: 

 

                                                                𝐸 = ((𝑙 − 𝑙 ) − (𝑙 − 𝑙 ))                                                           (3) 

 

where 𝑙 (𝑙 ) represents the average brightness of domain 𝑗(𝑖) in the intermediate restoration result 
𝐼 , and 𝑙 (𝑙 )  represents the average brightness of domain 𝑗(𝑖)  in the original input image 
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illumination channel 𝐼 . 𝐸  can maintain relative differences between adjacent domains. The 
combination of 𝐸  and 𝐸  enables the exposure of the image to continuously approach 0.5, but stops 
when it reaches a certain intensity under the control of 𝐸 , thereby maintaining the relative difference 
between adjacent domains. 

2.2 Dark Light Enhancement Algorithm for Dial Image based on Improved ExCNet 

When calculating the domain-based loss, ExCNet applies a 4×4 average pooling layer to the original 
input image 𝐼  and the intermediate restoration result 𝐼 , respectively, and the obtained results are 
denoted as 𝐼  and 𝐼 . The "pixel" in 𝐼  and 𝐼  can be regarded as a "domain" that has been 
divided, and the value of the "pixel" in 𝐼  and 𝐼  is the average brightness value of the area of a 
specific 4×4 in 𝐼  and 𝐼 . When using the loss function to measure the visibility of the domain, 𝐼  
and 𝐼  can be used to calculate the value of 𝐸 . While improving the visibility of the overall domain, 
𝐸  can ensure that the relative brightness relationship between the brighter and darker areas in the 
image remains unchanged. However, due to the particularity of the material of the instrument panel, 
some underexposure or overexposure may appear on the dial surface. , as shown in the figure, which 
will seriously affect subsequent operations such as binarization. Therefore, it is considered to 
introduce a domain-based exposure control loss so that the inter-domain luminance relationship can 
transition as smoothly as possible. 

To constrain the underexposed or overexposed regions in the enhanced image, consider designing a 
domain-based exposure control loss 𝐸  to control the exposure level. The exposure control loss 
𝐸  controls the exposure of the domain by measuring the distance between the average intensity 
value in the domain and the good exposure level 𝐸𝑥𝑝, where 𝐸𝑥𝑝 is the gray level in the RGB color 
space, where 𝐸𝑥𝑝 is set to 0.5. The exposure control loss 𝐸  is defined as: 

 

                                                                    𝐸 =
1

𝑁
|𝑌 − 𝐸𝑥𝑝|                                                            (4) 

 

where 𝑁 represents the number of non-overlapping domains and 𝑌  is the average intensity value 
of domain 𝑖 in the intermediate restoration result. 

The final improved overall network loss is: 

 

                                                    ℒ = (𝐸 + 𝜆 𝐸

∈ ( )

) +
1

𝑁
|𝑌 − 𝐸𝑥𝑝|                                      (5) 

 

The enhanced results of the dark-light instrument image obtained using the improved ExCNet are 
shown in Fig. 2. 

 

 
low-light image 

 
enhanced image 

 
low-light image 

 
enhanced image 

Fig. 2 Dark-light instrument image enhancement results with improved ExCNet 



International Core Journal of Engineering Volume 8 Issue 4, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202204_8(4).0067

 

559 

3. Pointer Meter Reading Identification 

3.1 Segmentation of Dashboards based on OTSU Algorithm 

The Otsu [21] algorithm is an adaptive threshold segmentation method based on image histogram 
calculation. By selecting a certain threshold k, the gray image is divided into foreground and 
background, and the inter-class variance of the two regions is calculated. The greater the variance 
between classes, the greater the difference between the foreground and the background, and the 
smaller the misclassification rate. At this time, the threshold 𝑘  can be determined as the best 
segmentation threshold. The formula for calculating the variance between classes in the traditional 
Ostu algorithm and the optimal segmentation threshold 𝑇 are: 

 

                                                                  𝜎 = 𝑃 (𝜇 − 𝜇) + 𝑃 (𝜇 − 𝜇)                                                 (6) 

 𝑇 = arg  max {𝜎 } 

 

Among them, 𝜇  and 𝜇  respectively represent the grayscale average value of the front and 
background pixels; 𝜇 represents the pixel grayscale average value of the entire image; 𝑃  and 𝑃  
respectively represent the proportion of the front and background pixels to the total number of pixels 
in the image. The optimal threshold is obtained by finding the threshold 𝑇 that maximizes the inter-
class variance 𝜎 . At this time, the difference between the background and the foreground is the 
largest, and the segmentation effect is the best. 

The result of segmenting the instrument panel using the OTSU algorithm is shown in Fig. 3. 

 

  

Fig. 3 Using the OTSU algorithm to obtain the binarized image of the instrument panel 

3.2 Pointer Extraction and Line Fitting 

In order to accurately extract the pointer area and avoid the interference of other parts in the image, 
the binarization results of the instrument panel are first reprocessed, only the information in the fitted 
circle is retained, and the pixel values in the area outside the fitted circle are all set to 0. Then further 
filter the connected domain where the pointer is located, considering that the area of the pointer in 
the dial is the largest compared to the scale, text, etc., so traversing each connected area to find the 
area with the largest area is the area where the pointer is located. 

The extracted pointer area contains many pixels. If you directly perform line detection or line fitting, 
the result may be inaccurate. Therefore, the ZS algorithm is used to refine the image of the pointer 
area, further compress the data volume, and at the same time keep the connectivity and direction of 
the pointer area unchanged, and a more accurate result can be obtained by linear fitting on the refined 
result. 

After obtaining the pointer area refinement results, it is necessary to perform line fitting to finally 
determine the line where the pointer is located, and the features presented by the fitted line are the 
pointer feature information to be extracted. The Hough transform or the least squares method is 
usually used for straight line fitting. By mapping the coordinate space, the Hough transform makes 
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the geometric shapes with the same properties in the original coordinate space converge at a certain 
point in another coordinate space to form a peak, and finally convert the straight line fitting problem 
into the statistics of the peak. Since the result of the Hough transform is often multi-peak, the detection 
results are not uniform. If the extracted pointer area has more line segment interference, the straight 
line detection result obtained by the Hough transform is also unstable. Therefore, the least squares 
method is used to perform a straight line fitting on the pointer refinement results. 

The results of extracting the instrument pointer and fitting the straight line where the pointer is located 
are shown in Fig. 4. 

 

 
dial area 

 
pointer area 

 
pointer refinement 

 
line fittin 

Fig. 4 Instrument pointer extraction and straight line fitting 

3.3 Determining Pointer Direction based on Rotation Jamming Algorithm 

Generally speaking, the direction pointed by the tip of the meter pointer is the direction that should 
be paid attention to when calculating the meter reading, but the meter pointer fits a straight line 
without any direction vector as a marker. It is inaccurate to calculate the deflection angle of the pointer 
directly based on the slope of the straight line. Therefore, the rotation jamming algorithm is 
introduced to calculate the minimum circumscribed rectangle of the pointer area, and the direction of 
the pointer is determined according to the positional relationship between the center of mass of the 
rectangle and the center of the dial circle, and finally the rotation angle of the pointer is obtained, thus 
laying a good foundation for the next reading. 

The rotation jamming algorithm is a common algorithm for calculating the minimum circumscribed 
rectangle. Consider a convex polygon 𝑃. Assuming that 𝑃 has two pairs of lines that are tangent to 
the four endpoints in the 𝑥 and 𝑦 directions, then these four lines can determine a circumscribed 
rectangle of the polygon 𝑃. By continuously rotating the straight lines until one of the straight lines 
coincides with one side of the polygon 𝑃, multiple circumscribed rectangles of the polygon 𝑃 can 
be obtained, and the circumscribed rectangle with the smallest area is the smallest circumscribed 
rectangle of the polygon 𝑃. The so-called rotation stuck means that each time it rotates, it just "stucks" 
one side of the polygon 𝑃. When the rotation angle of the straight line is greater than 90 degrees, the 
algorithm terminates. 

Although the rotating jamming algorithm can effectively calculate the minimum circumscribed 
rectangle, it is difficult to implement the four straight lines that need to be continuously rotated in the 
calculation process. The theory proves that a circumscribed rectangle of polygon 𝑃 has an edge that 
is collinear with the edge of the original polygon. Therefore, it is considered to continuously rotate 
the coordinate axis to make it parallel to an edge of the polygon, and then calculate the minimum 
circumscribed rectangle. The rotation jamming algorithm of , calculates the minimum circumscribed 
rectangle of the pointer area, the principle is as follows: 

(1) First find the convex hull boundary and vertex set of the pointer region 𝑊 = {𝑃 , 𝑃 , 𝑃 , … , 𝑃 }; 

(2) According to the vertex set 𝑊, find out the four points with the largest and smallest coordinates 
in the 𝑋-axis and 𝑌-axis directions, then you can get the initial minimum circumscribed rectangle 
𝑅𝑒𝑐𝑡 , and record the area 𝑆  of 𝑅𝑒𝑐𝑡  and the positions of the four vertices , update the minimum 
circumscribed rectangle to 𝑅𝑒𝑐𝑡 ; 
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(3) Suppose the coordinate of the 𝑘th point (𝑘 = 1,2, … , 𝑛 + 1) of the vertex set 𝑊 is (𝑥 , 𝑦 ), and 
the positive angle between the 𝑘th edge and the 𝑋 axis is 𝜃  , rotate the original coordinate axis 
counterclockwise around the coordinate origin by an angle of 𝜃 , then the coordinate of the 𝑘th point 
becomes (𝑥 , 𝑦 ), and the rotated vertex set 𝑊  is obtained; 

(4) Find the largest and smallest four points in the direction of the coordinate axis according to the 
vertex set 𝑊 , and obtain the smallest circumscribed rectangle 𝑅𝑒𝑐𝑡 . After rotating the coordinate 
axis clockwise around the origin by an angle of 𝜃 , record the area 𝑆  of 𝑅𝑒𝑐𝑡  and the position of 
the four vertices, if 𝑆 < 𝑆 , then update the minimum circumscribed rectangle to 𝑅𝑒𝑐𝑡 ; 

(5) According to this rule, the rotation of the coordinate axis to all sides is completed, and the 
circumscribed rectangle of the pointer area can be finally determined. 

Using the rotation jam algorithm to extract the minimum circumscribed rectangle of the pointer area 
is shown in Fig. 5. 

 

 
Fig. 5 Extract the smallest bounding rectangle 

of the pointer area 
 

Fig. 6 Pointer direction judgment mechanism 

 

Next, judge the direction of the pointer. As shown in Fig. 6, point 𝑂 is the center of the circle of the 
instrument panel, and point 𝑄 is the center of mass of the smallest circumscribed rectangle of the 
pointer area. Then, the quadrant pointed to by the current pointer can be determined according to the 
positional relationship between the point 𝑂 = (𝑂 , 𝑂 ) and the point 𝑄 = (𝑄 , 𝑄 ). 

When 𝑄 > 𝑂  and 𝑄 > 𝑂 , it can be determined that the pointer points to the first quadrant; and 
when 𝑄 > 𝑂  and 𝑄 > 𝑂 , it can be determined that the pointer points to the fourth quadrant. By 
analogy, a total of 8 pointer directions can be obtained, and the pointer rotation angle corresponding 
to each case is shown in Table 2. 

 

Table 2. Pointer direction judgment rules 

𝑋 𝑌 Quadrant Angle 

𝑄 > 𝑂  𝑄 = 𝑂  Y positive half axis 𝜃 = /2 

𝑄 = 𝑂  𝑄 > 𝑂  X negative half axis 𝜃 =  

𝑄 < 𝑂  𝑄 = 𝑂  Y negative half axis 𝜃 = −/2 

𝑄 = 𝑂  𝑄 < 𝑂  X positive half axis 𝜃 = 0 

𝑄 > 𝑂  𝑄 > 𝑂  first quadrant 𝜃 = 𝑎𝑡𝑎𝑛(𝑘) 

𝑄 > 𝑂  𝑄 < 𝑂  second quadrant 𝜃 = 𝑎𝑡𝑎𝑛(𝑘) 

𝑄 < 𝑂  𝑄 > 𝑂  third quadrant 𝜃 = 𝑎𝑡𝑎𝑛(𝑘) +  

𝑄 < 𝑂  𝑄 < 𝑂  fourth quadrant 𝜃 = 𝑎𝑡𝑎𝑛(𝑘) +  
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3.4 Reading Recognition Using the Angle Method 

When reading, firstly the minimum scale value 𝑉 , maximum scale value 𝑉 , minimum angle 
𝜃  and maximum angle 𝜃  of the instrument are obtained through prior knowledge, and the 
rotation angle of the instrument pointer can be obtained through the previous section. is 𝜃, if 𝜃 ∉
[𝜃 , 𝜃 ], it means that a range error occurs, and the meter reading is determined to be -1. 
Otherwise, the meter reading 𝑉 can be calculated as: 

 

                                                        𝑉 = 𝑉 + (𝜃 − 𝜃) ∙
𝑉 − 𝑉

𝜃 − 𝜃
                                                (7) 

4. Experimental Results and Analysis 

The experiment in this paper is mainly composed of two parts. The first part verifies the improved 
ExCNet algorithm, and the second part verifies the pointer meter reading algorithm proposed in this 
paper. The CPU of the experimental platform is Intel Core i7-8750H 2.20GHz, the first part of the 
experiment framework is TensorFlow, the environment configuration includes CUDA and cudnn, 
and the second part of the experiment is implemented by MATLAB R2020a. 

4.1 Comparison and Analysis of ExCNet before and after Improvement 

This paper selects 2500 images of different exposure levels in the Part1 of SICE dataset as the dataset. 
In order to effectively enhance the instrument images under dark light, this paper also adds 500 
images of instruments under dark light to the dataset. Therefore, the dataset The CCP includes 3000 
images of different exposure levels. 2500 images were randomly selected as the training dataset and 
the rest as the validation dataset. The size of the input image is fixed to 512×512. The batch size is 
set to 8 at training time, and the filter weights of each layer are initialized as standard zero mean and 
0.02 standard deviation Gaussian functions. Network optimization using ADAM optimizer with 
default parameters and fixed learning rate 1𝑒 . 

In order to visually compare the enhancement results of the ExCNet algorithm on the instrument 
image under dark light before and after the improvement, several examples are shown in Fig. 7. As 
shown in Fig. 7(a), the unimproved ExCNet is not so sensitive to illumination changes. Although it 
can restore a clear dial image, there are some blurred areas in the details such as scales and hands. 
The improved ExCNet can highlight detailed parts such as scales and pointers while presenting a 
clear dial area, which is convenient for subsequent binary dial segmentation. As shown in Fig. 7(b), 
the exCNet before the improvement will have areas with large contrast between light and dark on the 
dial, which is not conducive to the subsequent dial segmentation, while the improved ExCNet can 
effectively smooth the different exposure levels on the dial while further improving the brightness. 
region, the obtained image is more robust. 

 

   

(a) enhanced results of details such as dial scale hands 
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(b) ehanced results in the dashboard area 

Fig. 7 Comparing the enhancement results of ExCNet before and after improvement 

 

In order to analyze the learning effect of ExCNet before and after the improvement, PSNR and 
CDIQA indicators are used for quantitative comparison, as shown in Table 3. PSNR refers to the peak 
signal-to-noise ratio of an image, and a larger value means less distortion in the image. CDIQA is a 
no-reference quality metric for contrast-distorted images and can be viewed as an indicator of image 
detail richness, with higher CDIQA values corresponding to higher contrast. It can be seen that the 
improved ExCNet performs better, and its PSNR value and CDIQA value are larger than those of the 
pre-improved ExCNet, indicating that it is better than the pre-improved ExCNet in recovering image 
details. 

 

Table 3. Objective evaluation results 

Methods PSNR CDIQA 

ExCNet 28.73 3.2658 

Improved ExCNet 29.97 3.2714 

4.2 Validation and Analysis of Reading Recognition Algorithms 

In order to verify the validity of the distance method reading proposed in this paper, after calculating 
the rotation angle of the pointer, the intelligent reading algorithm of the pointer meter proposed in 
this paper is used to identify the meter reading. Set the relative error as: 

 

                                𝛿 =
𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑣𝑎𝑙𝑢𝑒 − 𝑟𝑒𝑐𝑜𝑔𝑛𝑖𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒

𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑣𝑎𝑙𝑢𝑒
× 100%                     (8) 

 
select the pointer meter images with different hands and different lighting conditions to carry out the 
preprocessing of this article, and then carry out the reading recognition of the meter, and the result is 
accurate to two decimal places. Table 4 shows the test results of 10 groups of samples. It can be seen 
that the average value of the absolute value of the relative error between the manual reading and the 
reading using the distance method is 0.0009, which can achieve high reading recognition accuracy. 
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Table 4. Experiment result of pointer meter reading recognition algorithm 

Number Manual reading Automatic reading Relative error 

1 18.90 18.8527 0.0025 

2 6.20 6.4227 -0.0359 

3 1.30 1.2967 0.0025 

4 12.15 12.2134 -0.0052 

5 99.80 100.0000 -0.0020 

6 87.20 87.3911 -0.0022 

7 8.00 8.1060 -0.0132 

8 0.28 0.2714 0.0307 

9 7.37 7.2985 0.0097 

10 148.10 147.5402 0.0038 

5. Conclusion 

This paper first proposes a dark light image enhancement algorithm based on ExCNet for the pointer 
meter image under dark light conditions. On the basis of the original ExCNet, the domain-based 
exposure control loss is introduced, which can effectively alleviate the large contrast between light 
and dark on the enhanced dial image. Experiments show that good dark-light instrument image 
enhancement results can be obtained. Aiming at the problem that the angle method depends on the 
center of the dial circle, which leads to the low robustness of the meter reading, the rotation jamming 
algorithm is used to extract the minimum circumscribed rectangle of the pointer area, and the direction 
of the pointer is determined according to the positional relationship between the center of mass of the 
rectangle and the center of the dial circle. The slope of the straight line determines the rotation angle 
of the pointer, and finally the reading identification is carried out. The experiment proves that the 
reading identification method proposed in this paper has a high accuracy rate, and the identification 
accuracy can meet the reading requirements of the substation pointer meter. Since the algorithm 
proposed in this paper needs to obtain the range of the instrument panel and the angle between the 
minimum scale and the maximum scale in advance, in the next step, we will focus on the automatic 
acquisition of the above knowledge, and continue to develop the pointer type based on machine vision. 
Development of an application system for meter reading recognition to build a platform for follow-
up research. 
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