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Abstract – In recent years, due to the destruction of forest ecological environment, the pest of Mongolian oak forest 

is more serious, which affects the natural regeneration process of Mongolian oak forest. In order to prevent pests from 

damaging the seeds of quercus mongolicus, in this paper, the seeds of quercus mongolicus are taken as the research 

object. Considering the problems such as the error caused by the device shaking image coordinates and the brightness 

change caused by the environment when obtaining the cross section image of seeds, using the image processing method 

of MATLAB, steps such as binarization, edge detection and segmentation, contour extraction of the region of interest 

(RIO), image positioning, and reconstruction of 3d structure diagram are taken for a given image. From the extraction 

of the two-dimensional plane coordinates of the contour of the worm track to the three-dimensional mathematical 

model, the activity path of worm track in the seed is finally delineated, and specific control measures are proposed. 

Keywords – Image Processing, Contour Recognition, Image Positioning, MATLAB, 3d Model Construction. 

I. INTRODUCTION 

Quercus mongolica fagaceae quercus, also known as quercus mongolica oak acorn tree quercus mongolica, is 

a national secondary precious tree species. It is also the main timber tree species in China and the main secondary 

forest species in northeast China. With strong adaptability, it is an excellent tree species for windbreak forest, 

water conservation forest and fire prevention forest. It is also the food source for tussae breeding industry in 

northeast China [1]. 

In recent years due to damage to forest ecological environment, the Mongolian oak forest insect pest is serious, 

as a species has important economic value, Mongolian oak pest control is particularly important, in order to better 

improve the survival rate of seeds and is good for prevention and control of insect pest damage to the Mongolian 

oak seed, research activity within the pests in the seed path is of great significance. 

In recent years, many researchers have studied the extraction of image contour. In 2010, Zhichun Chen [2] et al. 

proposed an image contour extraction method based on Radon transform. The image contour reconstructed by 

Radon transform method has the characteristics of single pixel width and continuity, and has certain self-anti-

jamming capability in the presence of noise. In 2010, Jing Ling [3] et al. intercepted and positioned the palm print 

RIO image based on the maximum inner circle, and then proposed an optimization algorithm based on the 

maximum effective circle. In 2012, Binggua Hai [4] et al. proposed an algorithm for image contour extraction 

based on color and line segment, which adopted top-down color space fusion and bottom-up line segment 

detection to generate target contour by comprehensive use of detection results. In 2013, the color image contour 

extraction algorithm based on particle filter by Ilham Yalmamadi [5] was studied. Compared with the traditional 

method, it effectively alleviated the interference caused by the initial contour point and the slow convergence 

speed, which was better than the general contour extraction algorithm. In 2014, Wendong Liang [6] extracted the 

contour of corn ear image based on MATLAB. After a series of processing such as conversion, graying, filtering 

and denoising, and region enhancement, etc. of the corn ear image from the acquisition system were processed by 
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MATLAB, Log operator was selected to extract the corn ear contour, with good effect, so as to prepare for the 

subsequent seed examination data measurement. In 2019, Jie Zhang [7] et al. extracted the cut marks of rubber trees 

based on image processing. In view of the difficulties in image segmentation of rubber trees, they improved the 

traditional Otsu threshold algorithm, selected a weighted Otsu method and combined it with image rotation to 

obtain the ideal segmentation threshold and achieve excellent segmentation effect. 

In this paper, the seeds of quercus mongolicus are taken as the research object. Firstly, a two-dimensional plane 

coordinate system is established from the cross section of seeds, and then the two-dimensional plane contour is 

extracted, and then the three-dimensional structure is transferred. Finally determine the specific location of the 

worm channel. According to the location information of worm channel, relevant measures can be taken to prevent 

and control pests. 

It is known that the seeds of quercus mongolicus are cut at 0.1mm thickness to obtain 145 pictures with an 

adjacent spacing of 0.1mm. Due to the jitter of the image acquisition equipment and other reasons, the image 

coordinates will produce errors, and basic preprocessing operations (grayscale processing, image filtering) have 

been carried out. For the purpose of coordinate unification and distance measurement, the actual distance between 

mark point A and mark point B is 20mm. The following three problems need to be solved: 

1. Determine the research area with the same size and direction according to marker points A and B, so as to 

unify its coordinate range; 

2. Determine the location information of worm channel on the image (in pixels); 

3. Try to use the results of problem 2 to reconstruct the 3d structure diagram of worm channel. 

II. MODEL ESTABLISHMENT AND SOLUTION 

2.1 Model of Problem 1 and its Solution 

2.1.1 Image Edge Detection 

The classical Sobel differential operator of edge detection is a kind of omnidirectional differential operator 

under the template of odd size (3*3) [8]. The operator contains two sets of 3×3 matrices, respectively horizontal 

and vertical, which can be convolved with the image as a plane, and the difference approximation values of 

horizontal and vertical brightness can be obtained respectively. 

The original image is represented by 𝐴, G𝑥  and 𝐺𝑦 represent images of horizontal and vertical edge detection, 

respectively. The formula is as follows: 

G𝑥 = [
−1 0 +1
−2 0 +2
−1 0 +1

]*𝐴     𝐺𝑦 = [
−1 −2 −1
0 0 0

+1 +2 +1
] *𝐴          (1) 

The horizontal and vertical gradient approximations of each pixel of the image can be combined with formula 

(2) to calculate the magnitude of the gradient. Formula (3) can be used to calculate the gradient direction. 

𝐺 =√G𝑥
2 + G𝑦

2                                              (2) 

θ = arc tan (
G𝑦

G𝑥
)                                                 (3) 
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If theta equals zero above, it means that the image has a vertical edge, with the left darker than the right. 

2.1.2 Image Binarization 

The binarization of the image is to set the gray value of the pixels on the image to 0 or 255, that is, the whole 

image is presented with obvious visual effect of only black and white. Thus, a clear edge contour can be obtained 

to better serve the follow-up processing of edge extraction, image segmentation, target recognition [9]. 

The basic process of binarization is as follows: 

● Determine the optimal threshold T by algorithm: 

● Set the gray value of any pixel greater than this threshold to 255, and set it to 0 for any pixel less than this 

threshold. 

𝑔(𝑥, 𝑦) = {
255 (𝑤ℎ𝑖𝑡𝑒)             𝑓(𝑥, 𝑦)  ≥  𝑇

0 (𝑏𝑙𝑎𝑐𝑘)                 𝑓(𝑥, 𝑦)  <  𝑇
                          (4) 

Where 𝑓(𝑥, 𝑦) is the grayscale value of the grayscale image, T is the threshold value, and 𝑔(𝑥, 𝑦) is the 

binarization grayscale image. Selecting an appropriate segmentation threshold can be said to be an important step 

of image binarization. Here, the bimodal method is adopted to select the threshold T. To sum up, we obtained the 

binarization image of the cross section image inside the seed, as shown in Figure 1-1. 

 

Fig. 1-1. 

2.1.3 Search for Areas of Interest (RIO) 

Based on the maximum Inscribed Circle Maximal Inscribed Circle, the seeds of MIC internal cross section 

image sub graph selection method, the solution is to make the largest Inscribed Circle of the external square, all 

the seed of the internal cross section image makes the size of the study area in the same direction. 

The maximum circumferential circle is obtained through Figure 1-2: 

 

Fig. 1-2. 
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The maximum circumferential circle obtained after the search is completed is shown in Figure 1-3. 

 

Fig. 1-3. 

On the basis of the above algorithm, the optimization algorithm based on the maximum effective circle can 

obtain the cross section image of the inner seed, as shown in Figure 1-4. Finally, the maximum effective circle 

containing the complete information of the cross section image of the inner seed and the worm path is obtained. 

See Figure 1-5. 

  

Fig. 1-4. Fig. 1-5. 

2.1.4 Rotatory Correction of Cross Section Images inside Seeds 

According to the maximum effective circle obtained, the cross section image of the seed was rotated to correct, 

as shown in Figure 1-6. The line segment 𝑂𝐿 formed by the center 𝑂 and the reference point 𝐿 was taken as the 

reference line, and the rotation stopped when the included Angle between the line segment 𝑂𝐿 and the vertical 

direction, Angle 𝐴 = 0. 

  

Fig. 1-6. Fig. 1-7. 
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2.1.5 Intercept the Square Research Area 

As shown in Figure 1-7, with O as the center of the circle, R as the radius, 2R as the side length of the square 

study area, and the actual distance between the marker points AB is 20mm, i.e. 2R=20mm, then the outer square 

of the maximum effective circle is the square study area to be intercepted. 

2.1.6 Establishment of Two-Dimensional Planar Rectangular Coordinate System 

As shown in Figure 1-8, a planar cartesian coordinate system is established with the lower left vertex of the 

square as the origin, and the specific position of each point, including the worm channel, can be determined by 

the horizontal and vertical coordinates of each point. The location information of worm channel can be obtained 

through coordinate extraction and fitting. 

 

Fig. 1-8. 

2.2 Model Establishment and Solution of Problem 2 

2.2.1 Extract Pixel Coordinates of Approximate Boundary Points 

Firstly, MATLAB is used to obtain the contour line of the preprocessed image, that is, the set of all pixel points 

at the edge of the object. The specific position of the image can be obtained from the pixel value coordinates of 

the boundary points. The display results are shown in Figure 2-1. 

  

Fig. 2-1. Fig. 2-2. 

2.2.2 Unless Disturbed by Worm Channel 

As can be seen from Figure 2-1, there are still some non-insect channels, such as the central embryoid of the 

seed, that interfere with the edge of the table. In order to eliminate infection, a number of rectangles were built in 

the coordinates to surround the non-worm channel and its coordinates were extracted. The coordinates were 

screened by MATLAB and only the worm channel related areas were finally retained, as shown in Figure 2-2. 
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Fig. 2-3 rectangular A. 

Taking rectangle A as an example, as shown in Figure 2-3, we established A rectangle that can surround all 

embryids and extracted the coordinates of its four vertices, M, N, P ,Q, as shown in table 1: 

Table 1. Coordinates of the four vertices. 

M (90, 200) N (220, 200) 

P (90, 120) Q (220, 120) 

According to the rectangular coordinates, the position of non-wormway interference can be determined, and all 

contour coordinates can be screened by MATLAB to remove the interference of non-wormway surrounded by the 

rectangle, and finally the position of wormway, profile and the stereogram of this layer can be obtained as shown 

in Figure 2-4 and 2-5. 

  

Fig. 2-4. Fig. 2-5. 

List the partial image coordinates obtained from it as shown in table 2: 

Table 2. Two-dimensional coordinates of worm channels in seed slices. 

(50, 94) (44, 95) (51, 95) (44, 96) (53, 96) (40, 99) (39, 100) (39, 101) (38, 102) (38, 103) 

(33, 104) (37, 104) (36, 105) (35, 106) (36, 106) (37, 106) (35, 107) (34, 108) (31, 109) (32, 109) 

(33, 109) (30, 110) (29, 111) (34, 111) (29, 112) (35, 112) (29, 113) (32, 113) (35, 113) (29, 114) 

(32, 114) (65, 114) (69, 115) (72, 115) (35, 115) (29, 116) (31, 116) (35, 116) (29, 117) (31, 117) 

(35, 117) (29, 118) (83, 118) (29, 119) (36, 119) (29, 120) (36, 120) (29, 121) (33, 121) (36, 121) 

(28, 122) (29, 122) (35, 122) (28, 123) (30, 123) (31, 123) (32, 123) (35, 123) (28, 124) (33, 124) 

(34, 124) (28, 125) (34, 125) (27, 126) (30, 126) (31, 126) (34, 126) (27, 127) (34, 127) (94, 127) 

(27, 130) (29, 131) (34, 132) (40, 134) (29, 136) (28, 137) (38, 137) (26, 139) (72, 139) (79, 139) 
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2.3 Model Establishment and Solution of Problem 3 

2.3.1 Establish a Three-Dimensional Coordinate System 

When the seed is roughly regarded as a sphere with a radius of R, a cube whose side length is greater than 2R 

is established outside the sphere, and the edge of the cube is taken as the coordinate axis for analysis, that is, the 

accurate three-dimensional coordinates of the worm channel can be obtained. See Figure 3-1. 

  

Fig. 3-1. Fig. 3-2. 

2.3.2 Batch Processing of Plane Coordinates 

By combining the plane coordinates with the plane position where the section is located, the information of 

worm channel can be obtained as shown in Figure 3-2. The red area is the covered area of worm channel of this 

layer. MATLAB was used to integrate all coordinates to draw images and optimize them, so as to obtain the three-

dimensional graphics and position information of worm paths, as shown in Figure 3-3. 

  

Fig. 3-3 (1) Fig. 3-3 (2) 

 

Fig. 3-3 (3) 
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III. CONCLUSION 

In order to study the active path of pests in the seeds of quercus mongolicus, on the basis of grayscale and filter 

processing of the image, then carry out binarization processing, edge detection and the search and location of the 

area of interest, and then carry out rotary correction and optimization of the graph, then the unified area containing 

the required information can be cut out. 

In order to determine the specific location of the worm channel, firstly, the research was conducted in the 

section of the first layer, in which the relevant plane rectangular coordinate system was established, and the 

coordinates were extracted by MATLAB. The rectangular model is built to locate the non-worm channel 

information and shield the relevant information to avoid interference. The specific position information of worm 

channel can be obtained by analyzing the contour of worm channel in coordinate system and extracting two-

dimensional plane coordinates. 

Then, a three-dimensional coordinate system is established. On the basis of problems 1 and 2, all the graphs are 

processed in batches. By combining the plane coordinates with the corresponding number and thickness of the 

layers, the three-dimensional coordinates of the worm channel can be obtained. According to the location 

information of worm channel, relevant measures can be taken to prevent and control pests. 

The model established in this paper can be generalized: after analyzing the position of worm channel in each 

slice, specific information of worm channel can be determined by contour determination, establishment of 

coordinates and position coordinate analysis. This model can be extended to more studies on damaged sites in 

seeds or fruits. In addition, the model can also be used in damage detection of industrial components. 
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