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Abstract

Identification of rice species was attempted by three side (top, side and front) images of brown rice. Nine
parameters of each image were area, aspect ratio, maximum diameter, minimum diameter, perimeter, round-
ness and red (R), green (G) and blue (B) pixel values of an image. Forty rice samples consisted of 19 species
used for the study and total 27 image characteristics for a kernel were measured. For calibration and con-
firmation, 105 and 20 brown rice kernels per each sample were used respectively. For best identification of
rice species, 24 image characteristics were selected for discriminant analysis. Average percentages for correct
identification of rice species were 84.75% and 84.93% for calibration and confirmation data set, respectively.
The highest and lowest percentage for correct identification were 99.05% for Nongan and 50.63% for
Hwaseung respectively in calibration data. The confirmation data showed that the correct identification of
Nongan or Paalgong was 100%, while that of Hwaseung was 47.62%. The result of the study showed that
three side (top, side and front) image of brown rice was not suitable for identification of rice species sug-
gesting that additional techniques are required for better discrimination of rice species.
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Table 1. Species and cultivated sites of rice samples

No. Species Cultivated sites

1 Hwajung  Kyunggido

2 Nongan Kyunggido

3 Hwanam Kyungsangnamdo

4 Sangsan Kyungsangnamdo

5 Samback  Kyungsangnamdo

6 Hwaseung Kyunggido, Kangwondo, Chullanaldo,

Kyungsangbookdo, Kyungsangnamdo

7 Bongkwang Kyunggido, Kwangwondo

8 TIllpum Kyunggido, Chungchongbookdo,
Kyungsangbookdo

9 Chuchung Kyunggido, Chungchongbookdo,
Kyungsangbookdo

10 Odae Kangwondo, Chungchongbookdo,
Kyungsangbookdo

11 Jinmi Kangwondo

12 Dongjin Chungchongnamdo, Chullabookdo,
Chullanamdo, Kyungsangbookdo,
Kyungsangnamdo

13 Anjung Chungchongnamdo

14 Ganchuck Chungchongnamdo

15 Gachwa Chullabookdo, Chullanamdo

16 Youngnam Chullabookdo, Chullanamdo,
Kyungsangnamdo

17 Palkong Chullabookdo, Chullanamdo
18 Mankum  Chullanamdo
19 Tamjin Chullanamdo, Kyungsangnamdo, Jaejudo
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Fig. 1. Layout of the camera, lighting, and sample stage
for image analysis of brown rice.
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Fig. 2. Three-sided (front, side, and top) images of a
brown rice kernel.
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Table 2. Definitions of geometric characteristics used
for this study

Geometric

. initio
characteristics Definition

Area Area of the object

Aspect Maximum diamter/minimum diameter

Maximum diameter Longest line joinning two points of the
outline of an object and passing through
its centroid

Minimum diameter Shortest line joinning two points of the

outline of an object and passing through

its centroid

Length of the outline of an object

Roundness of a disk is equal to one. Oth-

er shapes have a roundness greater than

one (Perimeter’/4n area)

Perimeter
Roundness
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Table 3. F-ratios of image characteristics’ of brown
rice on 19 species
Image characteristics F-ratios
Top image Area 129.3
Aspect ratio 209.4
Maximum diameter 196.3
Minimum diameter 120.8
Perimeter 152.9
Roundness 161.4
R 64.9
G 93.1
B 95.3
Side image” Area 116.2
Aspect ratio 179.9
Maximum diameter 204.6
Minimum diameter 101.0
Perimeter 165.2
Roundness 157.0
R 65.5
G 107.6
B 97.1
Front image” Area 124.6
Aspect ratio 9.2
Maximum diameter 69.8
Minimum diameter 93.7
Perimeter 124.5
Roundness 6.9
R 40.7
G 55.4
B 68.0

"Significant difference (p=0.001) among 19 species was found
in 27 image characteristics.
?Side and front images of a brown rice kerenl were obtained
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Table 4. Image characteristics of 19 rice species
Top Side
Species  Area”  Aspect Maximum Minimum Perimeter”  Roundness'” Aspect Maximum
(mm®)  ratic”  diameter” (mm) diameter” (mm) (mm) ratio” (mm) diameter”

Hwajung  13.62° 1.78™ 5.45° 2.99% 14.60° 1.247 238 5.2
Nongan 11.89  1.89° 5.21%* 2.69 13.80¢ 1.277 2.64" 5.01¢#
Hwanam 12.60"  1.80° 5.27¢ 2.85' 14.07% 1.251° 242 5.09*
Sangsan 12.67°  1.69 5.15" 2.97¢ 13.93" 1.220' 219 492"
Samback  13.07°  1.77* 5.32° 2.93# 14.28 1.244° 2.32° 5.11¢
Hwaseung  13.287 1.72' 5.29% 3.01% 14.31° 1.230° 2.287 5.09*
Bongkwang 13.53¢ 1.71 5.33¢ 3.04" 14.44° 1.228° 2.29° 5.13°
Hlpum 13.32* 164 5.18" 3.10° 14.21' 1.209¢ 218 4.96*
Chuchung  12.83* 1.66" 5.12 3.01¢ 13.97' 1.212¢ 217 492"
Odae 14.44°  1.78* 5.62° 3.08 15.00° 1.242° 2.34° 5.39°
Jinmi 1256 171 5.14" 2.93¢ 13.92 1.229° 2.29" 4.93"
Dongjin 13.33%  1.68° 5.26" 3.05" 14.29 1.221° 2.16° 5.04
Anjung 13.437  1.69* 5.27" 3.06" 14.35° 1.221° 2.26' 5.08*
Ganchuck  13.10°  1.78% 5.33 2.93¢ 14.31° 1.246° 2.29¢ 5.13
Gaehwa 14.03"  1.76° 5.50" 3.04 14.79° 1.242° 2.33¢ 5.29°
Youngnam 13.24%  1.68* 5.23% 3.04% 14.22' 1.217 2.18 5.01%
Paalgong  13.89" 1.79% 5.51" 3.01% 14.72¢ 1.242° 235¢ 5.31°
Mangum 1227 1.69* 5.03 292" 13.72° 1.222 2.19* 4.82'
Tamjin 13.97° 1.89 5.61° 2.95% 14.88" 1.263° 243" 541°

"Means with same alphabet within colume are not different
“perimeter’ /4T area
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Table 5. Identification of species using calibration data with 24 image characteristics of brown rice

Al

Species CE;;; cy Species mlsxdenufled into and percentage(%) for misidentification
Hwajung 93.33 Hwanam((.95), Samback(0.95), Hwaseung(().95), Dongjin(3.81)
Nongan 99.05  Illpum(0.95)
Hwanam 93.33  Sangsan(0.95), Samback(1.90), Hwaseung(0.95), lllpum(1.90), Dongjin(0.95)
Sangsan 91.43 Hwanam(0.95), Samback(1.90), Hwaseung(1).95), Illpum(1.90), Chuchung(0.95), Dongjin(1.90)
Samback 9238 Hwanam(0.95), Sangsan(().95), Hwaseung(0.95), Odae(0.95), Jinmi(0.95), Dongjin(1.90), Tamjin(0.95)

Hwaseung 50.63 Hwajung(0.63), Nongan(0.48), Hwanam(0.79), Sangsan(0.95), Samback(2.22), Bongkwang(14.16),
[llpum(3.97), Chuchung(2.38), Odae(4.92), Jinmi(3.81), Dongjin(3.97), Anjung(().32), Ganchuck(2.38),
Gaehwa(0.48), Youngnam(0.16), Mangum(3.81), Tamjin(3.49)

Bongkwang  80.48 Samback(1.43), Hwaseung(2.86), lllpum(1.43), Chuchung(3.81), Odae(3.81), Jinmi(2.83),
Dongjin(0.48), Ganchuck(1.43), Mangum(().95), Tamjin(0.95)

Illpum 77.14  Sangsan(0.95), Samback((.95), Hwaseung(3.10), Bongkwang(3.10), Chuchung(3.10), Odae(0.95),
Jinmi(1.90), Dongjin(3.33), Anjung(0.71), Ganchuck(1.19), Gaehwa(0.24), Paalgong(0.24),
Mangum(2.62), Tamjin(0).48)

Chuchung 85.71 Samback(0.63), Hwaseung(1.59), Bongkwang(1.90), Illpum(2.86), Jinmi(1.27), Dongjin(2.54),
Youngnam(2.22), Paalgong(0.32), Mangum(0.63), Tamjin(0.32)

Odae 85.40 Hwajung(0.32), Sangsan(0.32), Hwaseung(2.22), Bongkwang(3.81), Illpum(0.63), Chuchung(0.32),
Jinmi(0.63), Dongjin(1,59), Ganchuck(1.27), Gaehwa(0.32), Tamjin(3.17)

Jinmi 80.95 Sangsan(01.95), Hwaseung(1.90), Bongkwang(11.43), Illpum(0.95), Chuchung(0.95), Odae(0.95),
Dongjin(1.90)

Dongjin 60.57 Hwajung(0.19), Hwanam(().38), Sangsan(0).76), Samback(0.57), Hwaseung(1.71), Bongkwang(1.14),

lllpum(4.00), Chuchung(10.10), Odae(0.95), Jinmi(0.19), Anjung(1.14), Ganchuck(2.86),
Gaehwa(3.05), Youngnam(10.10), Paalgong(0.19), Mangum(1.14), Tamjin(0.95)

Anjung 93.33  Tllpum(1.90), Chuchung(2.86), Dongjin(0.95), Tamjin(0.95)
Ganchuck 84.76 Hwaseung(0.95), Gachwa(0.95), Paalgong(6.67), Mangum(4.67), Tamjin(1.90)
Gaehwa 79.52  Dongjin(0.48), Anjung(0.95), Ganchuck(3.33), Youngnam(5.71), Paalgong(6.67), Mangum(1.43),

Tamjin(1.90)
Youngnam 89.52 Ilipum(0.48), Chuchung(2.38), Dongjin(2.86), Anjung(0.48), Ganchuck(0.48), Gaehwa(1.43),
Tamjin(2.38)

Paalgong 98.10  Gaehwa(1.90)

Mangum 90.48 Hwaseung(1.90), Bongkwang(0.95), Illpum(0.95), Ganchuck(0.95), Gachwa(1.90), Youngnam(1.90),
Tamjin(0.95)

Tamjin 84.13 Hwajung(0.32), Hwanam((.32), Samback(1.59), Hwaseung(1.27), Bongkwang(1.59), Odae(1.90),

Jinmi(0.63), Dongjin(1.27), Anjung(0.32), Ganchuck(2.86), Gachwa(().95), Youngnam(2.22),
Mangum(0.63)
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Table 6. Identification of species using test data with 24 image characteristics of brown rice

Accuracy

Species (%) Species misidentified into and percentage(%) for misidentification
Hwajung 95.24 Hwaseung(4.76)
Nongan 100.00
Hwanam 95.24  Samback(4.76)
Sangsan 90.48  Chuchung(4.76), Dongjin(4.76)
Samback 95.24 Hwanam(4.76)

Hwaseung 47.62  Hwajung(0.79), Nongan(0.79), Sangsan(2.38), Samback(2.38), Bongkwang(14.29), lllpum(3.97),
Chuchung(1.59), Odae(6.35), Jinmi(3.17), Dongjin(3.17), Ganchuck(4.76), Mangum(4.76), Tamjin(3.97)

Bongkwang  76.19  Samback(2.38), Hwaseung(2.38), Chuchung(4.76), Odae(4.76), Jinmi(7.14), Tam;jin(2.38)

Illpum 76.19  Sangsan(1.19), Samback(1.19), Hwaseung(2.38), Bongkwang(4.76), Chuchung(3.57), Jinmi(1.19),
Dongjin(5.95), Ganchuck(1.19), Mangum(2.38)

Chuchung 84.13 Hwaseung(1.59), lllpum(4.76), Jinmi(3.17), Dongjin(3.17), Youngnam(1.59), Mangum(1.59)

Odae 79.37 Hwaseung(3.17), Bongkwang(4.76), Chuchung(1.59). Dongjin(1.59), Ganchuck(3.17), Tamjin(6.35)
Jinmi 90.48 Bongkwang(4.76), Dongjin(4.76)
Dongjin 58.10  Hwanam(().95), Sangsan(1.90), Hwaseung(2.86), Bongkwang(1.90}, Illpum(3.81), Chuchung(14.29),

Anjung(0.95), Ganchuck(0.95), Gachwa(1.90), Youngnam(10.48), Mangum(().95), Tamjin(0.95)

Anjung 95.24  Chuchung(4.76)

Ganchuck 76.19  Paalgong(9.52), Mangum(9.52), Tamjin(4.76)
Gaehwa 88.10  Dongjin(2.38), Youngnam(2.38), Paalgong(7.14)
Youngnam 88.10  Chuchung(2.38), Dongjin(4.76), Gachwa(2.38), Tamjin(2.38)

Paalgong 100.00

Mangum 85.71 Hwaseung(4.76), Ganchuck(4.76), Youngnam(4.76)
Tamjin 92.06  Samback(1.59), Bongkwang(1.59), Jinmi(1.59), Youngnam(3.17)
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