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Abstract 

With the great development of modern science and technology, the shooting training target 
has gradually developed from the artificial target to the stage of automatic target reporting. 
In order to overcome the large amount of manpower and time consumed by the manual 
target in the shooting range training, there are still many hidden dangers. For example, false 
positives and false reports, this paper designed a set of chest ring target recognition system 
with relatively simple hardware, performance problems and accurate target. In this paper, 
the chest ring target image is taken as the research object. Based on the digital image 
processing technology, the more accurate target image processing algorithm is combined 
with embedded technology, Bluetooth and wireless network transmission technology to 
realize fast detection of target surface information and bullet hole coordinates. Finally, the 
automatic target is completed. 
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1. Introduction 

At present, the training of the troops is undergoing profound changes, especially in the training of 

arms and disciplines. The strong army of science and technology has been known to everyone, but in 
some basic training, there are still many problems such as relatively backward training methods and 

relatively simple training equipment. In live ammunition training, there are more artificial targets, 

and the soldiers use visual tools or some specific tools (telescopes) to determine the number of target 

rings. Only a few use automatic target reporting[14]. These automatic reporting systems are currently 

being developed. Mostly combined with software and hardware, the firing information is obtained 

through hardware, and the accurate results are obtained through software. However, they use complex 

and expensive circuit integration chips, which are difficult to promote and popularize. Therefore, in 

order to meet the military modernization requirements, it is of great significance to improve the firing 

level of the troops and achieve automatic reporting with high accuracy, practicability and low 

application cost. The image-based automatic target reporting system designed in this paper uses the 

Raspberry Pi hardware to input images into the image, and obtains accurate shooting results by 
correcting, detecting and judging a series of processes, and obtains the accuracy to the target number. 

In addition, the paper also studies image edge detection, curve fitting and image binarization[15]. 

Through the comparison of the operation results and computational complexity of various algorithms, 

an algorithm suitable for the system is selected. 
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2. Research status and significance of automatic target reporting system 

At home and abroad, the research results of automatic target reporting system, the existing research 

mainly through the introduction of optoelectronic technology, digital technology and computer 

information management technology to achieve higher intelligent reporting, image recognition based 

target system is A kind of target system that is developed and applied earlier is mainly composed of 

image correction, image preprocessing, bullet hole recognition, and intelligent target reporting. It 

replaces the functions of physical devices such as sensors by designing computer vision and image 

processing. When the system is working, the target front-end camera transmits the target surface 
information collected in real time to the image processing module at the back end, and recognizes the 

position of the impact point through image processing and recognition technology, and calculates the 

ring value. Foreign research on automatic target-based research based on image processing 

technology started earlier, such as the Advanced Target Scoring & Reporting System designed by 

Rots Burgun in the United States in 1999 [1]. Domestic research on image recognition started late, 

and it is of great significance to study and design an automatic reporting system with high accuracy, 

practicality and low application cost: 

(1) The system can use the original physical drone, and will not increase the daily training cost in the 

promotion of the troops. 

(2) The shooter observes the position of his shooting point in real time through the target software, 

knowing the number of shooting rings, which is conducive to improving his design level. 

(3) Using the system to report targets, not only can save manpower, improve efficiency, but also 

maximize the personal safety of the rangers, and meet the requirements of military fact-finding 

training. 

3. Design of image recognition and target overall scheme 

The final requirement of the user for the automatic target reporting system is the target that can be 

prepared. According to the actual application characteristics and user requirements, the automatic 

reporting system should have (1) system parameter setting function (2) loop value judgment function 

(3) target reporting Function (4) Database management functions, etc. The overall design of the 

system is shown in Figure 1. 

Fig. 1 System overall plan diagram 

4. Image recognition process 

4.1 Image preprocessing 

4.1.1 Image Collection 

Now with the continuous development of image acquisition equipment, there are more and more ways 

of image acquisition. In this paper, we need to collect the picture of the chest ring target. This 
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experiment uses the Raspberry Pi connection camera to collect images. The image is converted into 

an analog, digital image and output to an image processing unit. Image processing is done in software, 

and an image processing program is embedded in the Raspberry Pi to finally accurately determine 

the ring value. 

4.1.2 target image preprocessing 

Through the acquisition system we get the target image after shooting, ie: the simulated image. It is 

also necessary to convert the analog image into a digital image, and then perform a series of image 

pre-processing, which is a process of various image correction, image filtering and noise removal. 

The image format adopted by the target system is here a JPG format, which is then converted into a 

grayscale image. 

(1) Image filtering to initially eliminate noise 

The system adopts two-dimensional median filtering. The main function of the median filtering is to 

change the pixel with the difference of the gray value of the surrounding pixels to a value close to the 
surrounding pixels, so that the isolated noise point can be eliminated, because it is not simple. Taking 

the mean value produces less blur. Median filtering is useful for eliminating interference from isolated 

points and line segments. 

(2) Image subtraction, initially split the bullet hole 

The pixel gray values corresponding to the coordinates of the two target images captured before and 

after are subtracted, and the obtained gray difference values of the points constitute a new result image. 

All the same backgrounds in the two original images have the same gray value, and the subtraction 

result is 0. In this result image, there is a uniform dark area. The bright area in the resulting image is 

formed by subtracting the gray value of the corresponding area caused by the shot on the back target 

image and the corresponding area on the front target image without the bullet point. This bright area 

is the object we want to extract, it represents a new bullet point. Another benefit of the subtraction 

process is that it eliminates the interference of the old bullet points that were already present in the 

new target image to the bullet point recognition. 

(3) Binarization of the target image to complete the segmentation and detection of the bullet hole 

Select a suitable threshold for binarization to segment the bullet point so that the image can be 

binarized to maintain the geometry of the bullet point more completely, so that the recognition 

accuracy of the bullet point can be mentioned to the highest. 

(4) Noise filtering of bullet holes 

This step is to eliminate the crack around the bullet hole, and the subtraction operation will also add 

some noise points to the bullet hole. If the ball point coordinate extraction is directly performed 

without processing, some bullet points may be misjudged (lost or increased). The accuracy of the 

target is affected. In order to ensure a complete and accurate image of the bullet point, the subtraction 

map must be further denoised. The method is to use the corrosion and expansion algorithms in 
mathematical morphology. 

First, use the closing operation to fill the gap of the contour, that is, the binarized image is expanded 

and then restored by corrosion. The re-opening operation can also remove the burrs protruding from 

the contour, that is, the image after the binarization is etched and then restored by expansion. 

4.2 Geometric correction of the target image 

Due to the hardware facilities of the shooting range, shooting conditions, camera and lens position, 

the captured image will be geometrically distorted. The geometric correction of the image consists of 
two steps. One is the spatial coordinate transformation, which is to rearrange the pixels on the image 

plane. To restore the original spatial relationship. The second is gray-scale interpolation, that is, the 

corresponding gray value is assigned to the image pixel coordinates after spatial coordinate 

transformation, and the gray-scale interpolation is performed. In this experiment, the pixel gray-scale 

interpolation algorithm is first selected, and then the target image after spatial coordinate 
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transformation is performed. Grayscale interpolation. The flowchart of image correction is shown in 

Figure 2. 

 
Fig. 2 Image correction flow diagram 

4.2.1 Spatial coordinate transformation 

Usually, the reference image f(x, y) is obtained by an imaging system with no distortion or distortion, 

and the image with large geometric distortion is represented by g(x ,́ y ́), and the geometric distortion 
of the two images is set. Relationships can be solved analytically: 

),(1 yxhx =                                                               (1) 

),(2 yxhy =                                                                (2) 

Let the restored image pixels be at the intersection of the equidistant grids in the reference coordinate 

system, starting from the coordinates (x, y) of the grid intersections, according to: 
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And several known points, solve for unknowns. From this, the coordinates (x', y') of the respective 

grid points on the known distortion image are derived. Since (x', y') is generally not an integer, it is 

not located at the center of the pixel of the distorted image, and thus the gray value of the point cannot 

be directly determined, but can only be interpolated by the pixel value of the pixel around the distorted 

image. It is found as a gradation value of the corresponding pixel (x, y), and a corrected image is 

obtained therefrom. 

4.2.2 Grayscale interpolation 

In this experiment, bilinear interpolation is used to linearly interpolate in the two directions using the 

gray scale of the four adjacent pixels. As shown in Fig. 3, the calculation formula of the gray value 
of the pixel to be sought is derived below. 

For ( , )i j v+  there are: ( , ) [ ( , 1) ( , )] ( , )f i j v f i j f i j v f i j+ = + − +  

For ( 1, )i j v+ +  there are: ( 1, ) [ ( 1, 1) ( 1, )] ( 1, )f i j v f i j f i j v f i j+ + = + + − + + +  
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For ( , )i u j v+ +  there are: ( , ) [ ( 1, ) ( , )] ( . )f i u j v f i j v f i j v u f i j v+ + = + + − + + +  =  

)1,1(),1()1()1,()1(),()1)(1( ++++−++−+−− jiuvfjifvujivfujifvu  

 
Fig. 3 The diagram of Bilinear interpolation 

This method is more complicated than the nearest neighbor method and has a large amount of 

calculation. However, there is no disadvantage of gradation discontinuity and the results are 

satisfactory. It has low-pass filtering properties, which damages high-frequency components and has 

a certain blur of the image contour. 

4.3 Bullet hole identification 

The task of bullet identification is to exclude the interference area stored in the array and identify the 
actual bullet hole area. Here, based on the basic principle of the template matching method, the feature 

vectors of the standard bullet point and the interference point are obtained in advance, and then 

compared with the feature vector of each unknown point. The closest to the standard deviation is the 

bullet point. Since the feature points after binarization are relatively simple, and the actual sampling 

is not too much deformation, the feature vector is relatively stable, so the method is suitable for the 

identification of the bullet point. 

4.4 Bullet point ring value judgment 

Determining the point value of the bullet point is essentially determining the area where the bullet 

point is located in the chest ring target. Knowing the number of rings corresponding to each area also 

knows the ring value of the bullet point in the area. 

(1) Calculation of the radius of the bull's eye and the circle 

First, determine the target coordinates and the radius of each ring. Here the Hough transform is used. 

The Hough transform can be applied to detect the analytical curve of the image space. 

Find the center step: 1 pair standard chest ring target binarization 2 based on Hough method to detect 

the center coordinate X (a, b), while detecting the separation distance r of each adjacent target ring. 

(2) Judging point value judgment 

In the second step, the coordinates of the bullet point are determined, set to D (x0, y0), and the distance 

d between the bullet point and the center of the circle is obtained. The ring value of the bullet point 

is: since the military target has only five rings, or write a The code of 5 cycles can accurately 

determine the ring value. 
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5. Experimental results and conclusions 

Through experiments, the target ring value determination is completed on the MATLAB program. 

First, the bullet-free image is loaded, the image is pre-processed after the image is initialized, the 

noise and the detection of the center coordinates and the target ring interval are removed, and finally 

the image subtraction and segmentation are performed. Bullet holes, filter out the noise of the bullet 

holes and identify the ring value of the bullet holes and display them, as shown below: 

         
Fig. 4  The diagram of initialization procedure          Fig. 5  The diagram of load initial image 

 

      
Fig. 6  The diagram of initial image processing               Fig. 7  The diagram of simulated shooting 

 
Fig. 8  The diagram of target ring recognition 
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