Computer Vision System for Analysis of Geometrical Charac-
teristics of Agricultural Products and Microscopic Particles(II)
— Algorithms for Geometrical Feature Analysis—
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Summary

The aim of this study is to develop a general purpose algorithm for analyzing geometrical features

of agricultural products and microscopic particles regardless of their numbers, shapes and positions

with a computer vision system.

Primarily, boundary informations of an image were obtained by Scan Line Coding and Scan & Chain

Coding methods and then with these informations, geometrical features such as area, perimeter, leng-

ths, widths, centroid, major and minor axes, equivalent circle diameter, number of individual objects,

etc, were analyzed.

The algorithms developed in this study was evaluated with test images consisting of a number of

randomly generated ellipsoids or a few synthesized diagrams having different features.

The result was successful in terms of accuracy.
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Fig. 1. An synthesized image for evaluation of
algorithms extracting boundary

information(“Synthesized image ™).
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Fig. 2. Synthesized image for evaluation of

a8 2 gAY, nga 2 AR algorithms analyzing geometrical
Reks n@sle ¢, B9, Aule), e dy characteristics(“Synthesized image I1I7).

Table 1. Geometrical characteristics of synthesized figures.

Length Length Direction | Minor/major
Figure Area Perimeter of of of axis length
major axis | minor axis | major axis ratio
Circle - - 100* 100* - 1.0
Ellipse #1 - - 140 20 0° 0.143
Ellipse #2 - - 120 80 0° 0.667
Octagon 11200 386 127 127 - 1.0
Rectangle 3200 361 - - - -
Polygon 3050 387 - - - -

%) Diameter of circle
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Scan Line Coding Method.
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Fig. 7. An example of boundary extraction by
Scan & Chain Coding Method.
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Table 2. Accuracy in analysis of boundary pixel orientation(BPO) by Scan Line Coding Method
(SLCM) and Scan & Chain Coding Method (SCCM) depending on type of figure.

Item No. of BPO of the given No. of BPO analyzed by
figures SLCM and SCCM

Figure Codel g1 |2|3|a|s|6|7|ofl1]2]3|al5]|6]|7
Circle -~/ t=1—-1—-1—-|- 421 29| 42{ 29| 42| 29| 42| 29
Ellipse #1 - |-1-=|=1=-|1—1~—|— 1121} 9y 2 9{123| 9| 2| 9
Ellipse #2 i enl B e N B B B 64| 28| 24| 28| 64| 28| 24| 28
Octagon 40| 40| 40| 40| 40} 40| 40| 40| 40| 40| 40| 40} 40| 40| 40| 40
Rectangle 10| 10| 150f 0| 30| ©0|150f 0| 10f 10} 50| O| 30| 0150 O
Polygon 30| 10{110] 30{ 20{ 20f100{ 30{ 30| 10| 110| 30| 20§ 20|100| 30
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Table 3. Relative error in analysis of geometrical characteristics by Moment Method with boundary
information obtained by Scan Line Coding Method (SLCM) and Scan & Chain Coding Method

(scem).(D
Unit: %
Item Length Length Direction | Min./maj.
Algorithm Area Perimeter of of of axis leng-
Figure maj. axis min, axis maj. axis | th ratio
. SLCM - - 0.02* 0.00* - 0.02
Circle
SCCM - - 0.02* 0.02* = 0.00
. " SLCM - - 0.00 0.00 0.00 0.03
Ellipse #1
SCCM - = 0.00 0.00 0.00 0.03
. SLCM - - 0.00 0.00 0.00 0.00
Ellipse #2
SCCM - - 0.00 0.00 0.00 0.00
SLCM 0.71 -0.01 -5.51 -5.51 - -0.01
Octagon
SCCM 0.71 -0.01 -5.51 -5.51 - -0.01
SLCM -1.22 2.13 - - - -
Rectangle
SCCM -1.22 2.13 - - - -
SLCM 2.52 0.00 = - - -
Polygon
SCCM 2.52 0.00 - - -~ -

*) Diameter of circle

Table 4. Relative error in analysis of geometrical characteristics by Centroid Method with boundary
information obtained by Scan Line Coding Method(SLCM) and Scan & Chain Coding Method

(SCCM).(2)
Unit © %
Item Length Length Direction Minor/major
Algorithm of of of axis length
Figure major axis minor axis major axis ratio
. SLCM 141 0.44 - -0.96
Circle
SCCM 0.98 0.98 - 0.00
. SLCM 0.00 0.00 -3.56 0.03
Ellipse #1
SCCM 0.00 0.00 -3.56 -2.00
. SLCM 0.35 0.27 -1.15 -0.07
Ellipse #2
SCCM 0.35 0.27 -1.15 -0.75
SLCM 0.40 -1.15 - -0.75
Octagon
SCCM -0.40 -1.15 - -0.75
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Table 5. Relative error in analysis of geometrical characteristics by Search Method with boundary info-
rmation obtained by Scan Line Coding Method(SLCM) and Scan & Chain Coding Method

(SCCM).(3)
Unit : %
Item Length Length Direction Minor/major
Algorithm of of of axis length
Figure major axis minor axis major axis ratio
. SLCM 161 0.62 - -0.97
Circle
SCCM 0.98 0.98 - 0.00
SLCM 0.00 0.00 0.00 -2.00
Ellipse #1
SCCM 0.00 0.00 0.00 -2.00
SLCM 0.35 0.27 533 -0.07
Ellipse #2
SCCM 0.35 0.27 5.33 -0.07
SLCM -0.40 -1.15 - -0.75
Octagon
. SCCM -0.40 -1.15 - -0.75

Table 6. Sample images and execution time in extraction of boundary information by Scan Line Coding
Method(SLCM) and Scan & Chain Coding Method (SCCM).

em [ Tyre and no.of s Algoritm
Sample image Circle Ellipse | Miscell. SLCM SCCM
Synthesized 1 2 3 16.5 sec 16.2 sec
Coffee - - 15* 22.0 sec 52.0 sec
Apple - - 1 20.0 sec 50.0 sec

*) No. of droplets in sample image.

Table 7. Sample images and execution time in analyzing geometrical characteristics which are inclu-

ding major and minor axes by Moment Method, Centroid Method and Search Method.

Item Type and no. of figures Algorithm for analyzing major
in each sample image and minor axes
Sample image Circle Ellipse Miscell. Moment Centroid Search
Synthesized 1 2 3 254.0 sec 225.5 sec 301.6 sec
Coffee - - 15* 65.3 sec 56.4 sec 79.0 sec
Milk -~ - 15* 91.8 sec 87.6 sec 101.8 sec
Apple - - 1 117.6 sec 99.2 sec 135.2 sec

*) No. of droplets in a sample image.
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