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ABSTRACT

In this paper, a vision-based crop trait analysis system was implemented. The proposed system consists of
an input part, a machine vision part, and an output part. The input part receives user commands and image
files using the mouse and keyboard and transmits them to the system, the machine vision part processes the
input image files according to the user commands to extract data, and the output part outputs the extracted
data to the monitor and saves it as an excel file and an image file. For the robustness of system production,
it was implemented using the Python-based OpenCV library, and in order to compensate for the limitations of
the open source library, some of the system algorithms were directly implemented. The system of this paper
consists of quit, open file, delete file, save image/data, image binarization, image size filtering, marker setting,
analysis area setting, align, rotation, edit color, measurement point setting, traits description, etc. By combining
the configured functions, eight quantitative traits of crop - area, width, height, height 1, height 2, center
length, center thickness, and line length - can be measured quickly compared to the existing manual
measurement method. As a result of evaluating the performance of the system, measurement accuracy of

0.15mm and analysis speed 37% faster than the existing analysis program can be obtained.
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Notation

image_input = binary image

image_skeleton = image with skeletonization algorithm applied
central_length_of_crop = central length of crop
traditional_skeletonization = traditional skeletonization algorithm
split_curve_by_intersection = split intersections to create curves
list_curve = list of split curves

max_length = maximum value of curve length in list
list_end_point = both end point of the curve

neighbor_point = neighbor of the end_point
get_neighbor_point = function to find a neighbor_point
gradient = gradient of end_point and neighbor_point
get_gradient = function to calculate gradient
skeleton_extension = function that extends the image_skeleton with a
given gradient at the end_point

multiply = function to multiply two images

contour = function to find the outline of an image

1 | procedure proposed_skeletonization

2 |Input : image_input

3 |Output : image_skeleton, central_length_of_crop

4 |image_skeleton = traditional_skeletonization(image_input)

5 |list_curve = split_curve_by_intersection(image_skeleton)

6 |max_length =

7 |For i = 1 to length(list_curve)

8 if list_curve[illength > max_length

9 max_length = list_curve[i].length

10 max_length_index = i

11 |list_end_point = list_curve[max_length_index].list_end_point

12 |Fori =1to 2

13 end_point = list_end_point[i]

14 neighbor_point = end_point

15 For j = 1 to n_iter

16 neighbor_point = get_neighbor_point(neighbor_point)

17 gradient = get_gradient(end_point, neighbor_point)

18 image_skeleton = skeleton_extension(image_skeleton,
end_point, gradient)

19 image_skeleton = multiply(image_skeleton, image_input)

20 |central_length_of_crop = length(contour(image_skeleton))/2

21 |return image_skeleton, central_length_of_crop

T8 9. AR 2ARE kwelse] FEIE
Fig. 9. Pseudo-code of the proposed skeleton algorithm
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Notation ZA&
image_input = binary image
click_point = point set by the user
image_thickness = algorithm output image
thickness_of_crop = calculated crop thickness
proposed_skeletonization = algorithm proposed in Fig. 7
min_distance minimum  distance between click_point
skeletonization components
current_distance = distance between click_point and skeletonization
component in current loop
min_distance the point closest to the click_point among the
skeletonization components
get_neighbor_point = function to find a neighbor_point
list_neighbor_point = list of neighbor_point
gradient gradient of first neighbor_point
neighbor_point
get_gradient = function to calculate gradient
orthogonal_gradient = orthogonal to the gradient

draw_line function that draws a straight line passing through

min_distance_point with a gradient of orthogonal_gradient

multiply = function to multiply two images

contour = function to find the outline of an image

1__
o
= =

and

=z}
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and second

Al
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procedure proposed_crop_thickness =

Input : image_input, click_point
Output : image_thickness, thickness_of_crop
image_skeleton = proposed_skeletonization(image_input)
min_distance = o
For i = 1 to image_skeleton.width
For j = 1 to image_skeleton.height
if image_skeleton[j][i] > 0
current_distance
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= V/(dick_point.o —i)2 + (dick_point.y—j)*
if current_distance < min_distance
min_distance = current_distance
min_distance_point = (i, j)
list_neighbor_point = get_neighbor_point(min_distance_point)
Fori =11to2
neighbor_point =
Forj =
neighbor_point = get_neighbor_point(neighbor_point)
list_neighbor_point[i] = neighbor_point
gradient = get_gradient(list_neighbor_point)
orthogonal_gradient = 1/gradient
image_thickness
= draw_line(min_distance_point, orthogonal_gradient)

image_thickness = multiply(image_thickness, image_input)

thickness_of_crop = length(contour(image_thickness))/2

return image_thickness, thickness_of_crop
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E.AE 34 M Azdd Adivh A A (99
mm)

Table 1. Crop trait analysis system and expert
measurement results (unit : mm)
Expert measurements
Proposed Error
A B C D Avg.

1 8.3 8.5 8.4 8.2 8.2 8.3 0.0

2 6.6 6.7 6.7 6.8 6.6 6.7 0.1

3 6.3 6.5 6.4 6.7 6.4 6.5 0.2

4 7.0 7.1 7.0 7.0 6.9 7.0 0.0

5 5.7 6.0 5.8 5.9 5.7 5.9 0.2

6 6.7 6.7 6.9 6.9 6.9 6.9 0.2

7 6.1 6.5 6.7 6.4 6.3 6.5 0.4

8 7.4 7.2 73 7.6 73 7.4 0.0

9 6.0 6.2 6.2 6.2 6.2 6.2 0.2

10 53 5.5 55 5.6 57 5.6 0.3

11 73 7.2 7.3 7.6 73 7.4 0.1

12 6.9 6.8 6.6 6.8 6.8 6.8 0.1

13 6.8 6.5 6.5 6.5 6.4 6.5 0.3

14 6.9 7.0 6.7 6.7 6.9 6.9 0.0

Avg. 6.7 6.7 6.7 6.8 6.7 67 | 015
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