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grading and development of
non-destructive rice grader
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I
A

non-destructive rice grader

II.

)
A\

O

O

SUMMARY
Title

study on the specification of rice for grading and development of

Objective and Importance of Research

The objectives of this research were to 1) establish the specification
for grading of rice to improve the quality of rice in Korea and 2) to
develope the non-destructive rice grader to improve the quality of

domestic rice.

Since rice, as staple, is an important crop which consist of 23% of
farmer’'s income, strengthening the international competitiveness and
improve of image of current marketed domestic rice are urgently

required at the stand point of long term foods security.

Current inspection guide for milled rice in Korea is not strict compared
to that in U. S. A. or Japan, resulting in possibility of quality

deterioration.

The correlation coefficient between price and the grade of milled rice
currently marked in Korea is low, causing the deterioration of the
credibility of milled rice, thus enhanced guide for grading of milled

rice is required.

For establishment of basis for marketing domestic rice with quality,

the development of system for evaluation of rice with quality and

-11 -
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O

suggestion of inspection guide to discriminate the quality of rice

including eating quality are needed.

Even though the techniques for planting, cultivating, and drying,
storage and processing has been improved by the distribution of Rice
Processing Complex (RPC), the inspection guide for milled rice is not
well set up, thus the development of equipment for evaluation of rice

quality is required.

Since the evaluation of moisture and protein content by non-destructive
method is not vet published internationally, it is meaningful to
measure the moisture and protein content in single kernel by

non-destructive method.

The researches on the factors affecting the quality of rice provide the
basis for the production of rice with quality resulting in not only for
strengthening international competitiveness of rice but also for

controlling quality from cultivation stage.

Since the grade of rice is determined by eye observation in every
country including USA, it's quite meaningful to determine the grade

using image analysis by non-destructive method.
The result of grading by image analysis will be utilized as basic

information for development of rice grader made in Korea and the

techniques with developed grader will be enhanced.

- 12 -



III. Research Contents and Scope

1. Establishment of guide for rice quality and quality evaluation
of rice grown in Korean and foreign countries (lst year)

a. Comparison of inspection guide depending on countries

b. Determination of methods for quality evaluation of rice

c. Establishment of specification and analysis methods for rice quality

d. Collection of rice samples with domestic and foreign origin

e. Survey on the chemical and sensory specification

f. Comparison of rice quality by established specification

9 Evaluation of rice quality by non—destructive methods and changes of
quality characteristics during marketing (2nd year)

a. Quality by image analysis
b. Quality by Near Infra-red spectrum analysis

¢. Quality changes of milled rice during marketing

3. Development of quality measuring system by non—destructive
methods (3rd year)
a. Planning and construction of quality measuring system
1) Component (fatty acid, amylose) analysis
2) Analysis of grade for milled rice
3) Planning and construction of quality measuring system with

single kernel of rice

- 13 -



b. Correction of system by actual test

c. Efficacy of non-destructive quality measuring svstem for milled rice

IV. Results and Suggestion

1. Survey on the evaluation techniques for quality of rice

a.

The grading systems in rice exporting countries are more
fractionated than current inspection guide for rice in Korea.
Deterioration of the rice quality might be caused by‘ the crude
inspection guide therefore, revision of inspection guides and
discriminative price systems depending on the quality of rice are

required.

As potential non-destructive methods for measuring rice quality,
image analysis and near-infrared (NIR) spectrum analysis are
available. The quality factors related to rice components can be
measured by NIR spectrum analysis and those related to appearance

or grading can be measured by image analysis.

2. Quality changes of milled rice during marketing

a. The quality changes of milled rice during marketing can be detected

by the changes in fatty acidity, pH of the water extract and enzyme

activity.

-~ 14 -



b. The moisture content and reducing sugars of milled rice were

reduced while fatty acidity were increased with storage time.

c. Cooking characteristics of stored rice showed that water absorption

and reaction with iodine were increased with storage time.

3. Grading of rice by non-destructive method

a. Significant differences in image characteristics of kernels were found
depending on the grading factors for brown rice (damaged, head rice,
dead, immature, and chalky etc) and for milled rice (head rice,

chalky, damaged and colored kernel).

b. The most influential factors for grading of milled rice marketed in

Korea were broken and chalky kernels.

c. The identification rate for head rice, large broken, small broken and
chalky kernels were 97.8%, 94.3%, 98.7% and 96.29% respectively
when image analysis and ANN(artificial neural network) were used,

implying the possibility for grading of rice using image analysis.

d. Discrimination of rice grade using the remote reflectance model of
NIR showed that correct identifications of rice grade for calibration
and validation were 96% and 100% respectively when 1st differential

calculus of spectrum between 400-2500nm were used.

- 15 -



4. Grading of rice by optical properties

a. The significant correlation were not found between colors(L, a, b and
delta E) and grading factors for brown rice(normal, waxy, abnormal,
colored, cracked, immature and dead) for milled rice (normal, waxy,

chalky kernel, damaged and colored).

b. The correct identifications of grading factors for brown rice were
95.3% and 92.0% for calibration and validation respectively, while
925% and 87.5% were noted for milled rice when discriminative
equation with reflectance spectrum of NIR between 400-2500nm were

used showing the superiority of the discriminative equation model.

5. Milling ratio by non—destructive method
a. NIR reflectance spectrum was more effective in predicting milling

ratio than NIR transmittance spectrum.

b. Among three models (models with multiple regression(MR) with six
band of wave length, partial linear square: PLS and artificial neural
network: ANN) developed for measuring milling ratio of rice, MR

was better than others by resulting in smallest SEP and bias.

- 16 -



6. Component of rice measured by NIR spectrum analysis

4.

Moisture content in single kernel of brown rice was measured
effectively by MR model with NIR spectrum between 1100-1400nm,
and by PLS model with NIR spectrum between 1100-1500nm.

The most effective models for predicting protein content were MR
with 2nd differential spectrum between 1100-2000nm, and PLS with

spectrum in the range of 1100-1500nm.

The model for measuring amylose content of brown rice was
developed with PLS equation with 2nd differential spectrum in the
range of 1100-2290nm. The R®> and SEP of the model were 0.992

and 1.423% respectively on validation.

. The model developed for predicting fatty acid content in brown rice

was MR with wavelength of 1696nm, 1754nm, 1998nm, 2108nm,
2162nm, and 2272nm. and the validation of the equation resulted in
R® and SEP, 0.730 and 4.05mg KOH/100g respectively.

7. Quality measuring system with NIR spectrum of single kernel

a. Quality measuring system by single kernel was manufactured using

NIR systems to predict the moisture and protein content of brown

rice, which has been known to be internal quality factors.

- 17 -



b. Quality measuring system consists of three parts: measuring,
stepping motor and controller. NIR spectrum between 1100-1500nm

was scanned in measuring part.

c. The validation of quality measuring system using single kernel of
brown rice showed 0.264% and 0457% of standard error in

predicting moisture and protein content.

- 18 -
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S o x| mEEE e
oY 2AT& = % |Z2A % |
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Q, [ st g S AN _ —_
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QO _ —T _— ~ —_—
10% | 30-40 | 30-50 | 20-30 s | P B g
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159 5-25 -4 5-5 _
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5% 15 - 025 1 | 025 |025/0.25|05/0.25] sk 14%
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Sl °]183tn h(Donald 5, 1992). #AletM = 19604 FHbE-H 7}
THEY FAEAA B ATFE AFEeH, F2 297 B §9
gd BEAI Algd AxFY AEEA S #sq A+E FHEA
(Williams 5, 1987). otAlo} AFeX= F2 dEM gL 7= 3
i glem, & 49, F 1F 59 F2 2434 +vd AW 2 @
g 24 T A& ATGEERA, 1994). S2Eddeolst wAA
=X 1974358 A EREAHA #d A7t AFHNeH, F=
s FAFEY AEEHT M54 AER o]8HE ARE A2 H4E R A
A= E4d F2 $88t32 Y (Williams &, 1987).
dEAME 2HGd E2FEAEE ol &3t 2o Hn7E Adst
o Ageg Anr|E ALE AGAF)Y 7] AHr=
A odoez sto oA, FE, A4, 2 o2 ATF
FEMYPoR EA3to Jdd $AHd g8 A E BUtE
dou, FHTds 2o 4 Ay el FEd weEld AuE Hrlksr)=
SOHEREA, 1994). A= FtAlol71(F)dA Add Aurje drjd g
8 9 g HAude dAEE 2 EREAHeE 435ty
2n g frisie, (F)YdzdAA i Hu7s Mg, K, Nag3d 22 7
g A8e 8489 Ang "rleta do. 2 s dEAE AL
AEA vz HujAE Adsn o diEHoR =3 dEgA
& Aule oldR o A%l a1, FEFF woW, APAETL ¥
Aol L ALZ ¥EA YHWEREREA, 1994). FAutdA = Ak, H,
E R AR A 7 A7F F, 1997 7213
g o] &% A, Bgold] = FAHGR T, 1992), 2 AE EHGE

5,199 2 =3% FAGF F, 1997, 4% 2 FAF A& AR
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ol #3 A7/t FEHA o™ (Finney 5, 1978), T F2 £33 I gy
2 % £2(Casady T, 1993)o] &8 A7/ F85Yth
WA olgd2ox AuHiE 9 JE &3 £AH % (degree of milling) =3
of #§ ATE FPFATH(Btten 5(1991), Wadsworth S(1991).

< dFAME 23 559 98E o) 4% ATE FAHYUY
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Table 2-30 AW £33 05dAL A g9 W D +H3L
Ll = W o) 4= 5 (%)

HE AXEES H k] ul o]

1 A 71F <k 359 16.1 15.7 14.8
2 7 7))ot 37.3 15.8 154 146
3 A718d 39.2 15.1 147 13.7
4 AN5H 37.2 14.7 145 14.0
5 A71%A 38.4 14.8 14.7 139
6 H7|dE 384 138 138 12.7
7 4o 37.1 14.7 143 13.1
8 AR IBIRs 35.1 155 151 144
9 7+ 314 37.0 139 139 12.7
10 354 38.1 13.9 137 12.8
11 FEAE 38.1 14.7 14.0 12.9
12 =534 39.1 149 14.4 139
13 FEo 38.3 138 13.8 125
14 =554 389 14.8 14.1 13.0
15 =93 35.7 153 15.1 145
16 =954 382 15.1 148 139
17 99 359 146 146 139
18 SUdE 382 149 146 138
19 Fees 36.6 15.2 146 136
20 g4 38 39.9 14.8 143 136
21 AEEx 37.0 155 149 14.0
22 AL A 5 42.4 15.0 145 136
23 A5 39.9 158 154 145
24 AEy 38.0 136 133 12.3
25 AdA 5 40.4 158 153 147
26 A 38.0 16.3 162 154
27 AdalAd 38.9 13.8 137 12.8
28 TEEE 40.6 15.3 147 13.7
29 oA 36.8 13.1 12.6 115
30 A58l 40.6 152 14.7 14.3
31 HAE o 36.4 13.1 13.1 12.0
32 AEE2 38.0 145 144 138
33 HEAE 37.8 14.9 14.8 14.0
34 st 37.8 12.9 13.1 12.3
35 a3ty 36.2 13.7 135 126
36 AdEx 38.1 13.4 13.1 119
37 AgaR 39.7 134 13.0 119
38 A 36.8 135 13.0 12.1
39 AT 379 155 15.0 144
40 AF4 2 40.3 137 135 12.6
41 A F3A 37.7 136 134 124
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Table 2-31 Ak FFE BN YujA g ME(, a bah), THA(%)

AR =
@A o}

A& AL EF L a b (%)

1 A7 5ot 65.533 -0.4767  11.433 0.82
2 A7 et 64.127 -0.6900 9767 861
3 77| 8t d 64.820 -0.7300 8.827 848
4 B718% 62.800 -0.6300 9.587 8.49
5 A71%3 63.767 -0.7333 9.273 8.10
6 A7 9E 65.470 -0.7767  10.363 8.48
7 Fd oo 67.693 -05700  11.013 8.01
3 7 Ao 63.317 -0.93%7 11373 751
9 7814 63.993 -09100  10.017 7.16
10 AR 63.333 -1.0333 8.933 723
11 F54E 65.980 -0.7767  10.597 6.94
12 5314 63.613 -0.8000 9.177 7.20
13 F5oY 65.333 -0.6767  10.240 7.76
14 533 63.580 -0.8767 9.570 650
15 FEEd 63.887 -0.3667  10.707 7.17
16 453 63.637 ~-0.6300  10.190 7.80
17 294E 63.353 -0.3467  10.497 7.57
18 S9UE 66.220 -0.7133  10.320 7.87
19 SEUF 62.700 -0.7167 9.807 8.29
20 23A% 65.480 -0.2300 9.903 8.35
21 AEEA 65.593 -0.4933  10.487 872
22 « 2 A 3} 67.680 -0.1133  10.600 9.28
23 HEGd 64.947 -0.1433  11.137 9.15
24 HEDT 66.437 -0.5900 9723 9.20
25 A A3 65.837 -0.4567 9.180 8.75
26 AgukE 64.713 -0.5800 9.037 8.74
27 Ad3iA 66.980 -0.3733 9.123 7.60
28 IdaEd 67.137 -0.4533 9.763 7.86
29 oA 63.560 -0.6567 9.790 8.10
30 A5 34 66.283 -0.2367 9.960 7.82
31 AE o) 67.360 -02533  11.197 826
32 AEEA 64.907 -0.1367  10.950 7.94
33 AEdE 65.733 -05167  10.690 7.85
34 A 3A 66.750 -0.1533 10217 825
35 A3t 63.617 -0.3100 10410 741
36 AdER 65.473 -04533  10.173 8.26
37 Agaz 65.060 -0.8300 9.450 7.60
38 g 64.957 -0.6300  10.677 7.42
39 AFdd 63.950 -0.6167 9.747 8.32
40 ATz 65.407 -0.6667 9.800 8.36
41 A4 63.280 -0.7667 9.520 7.95
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Table 2-33 AtA¥ 54 WrA| 5o F5rH FAAAX

Normal immature Damaged -Cracked
A7l 5453 20.17 16.97 . 6.27
A 719k 67.20 9.00 14.00 95 0.45 8.40
A7184d 74.20 11.85 4.50 1.95 0.10 7.40
A7) 8% 7255 7.90 8.30 0.95 0.40 9.90
A715F4 7350 6.60 7.85 1.55 0.45 10.05
A714E 5230 16.50 16.05 2.80 0.60 1175
Z4ee g 3965 29.00 6.25 6.75 0.40 17.95
ez 5765 21.45 7.40 490 0.20 8.40
434 6240 9.85 17.05 3.45 0.40 6.85
53 7280 5.75 515 1.15 0.10 15.05
FE54dE 6270 12.25 10.20 4,40 0.65 9.80
53 7485 10.00 4.45 3.25 0.45 7.00
FELY 4665 14.85 16.40 5.05 0.55 16.50
FE5EFH 7540 8.35 545 455 0.15 6.10
F9E 6100 11.80 10.75 5.55 0.60 10.30
>33 6055 12.15 14.85 1.65 0.75 10.05
FTHEHE 418 4.45 2775 3.20 1.15 21.60
Z94dE 5350 17.30 14.45 1.85 0.45 12.45
A4S 6990 12.50 455 4.20 0.35 8.50
=9 A8 5425 11.45 9.75 4.35 2.70 17.00
AEFZ 6270 18.15 8.85 535 0.75 4.20
AEAs 4270 26.10 8.20 4.95 0.80 17.25
AL 6820 12.75 7.90 7.45 0.50 3.20
AEFEFT 4575 12.50 8.05 2.20 0.85 30.65
AdA3s 5540 9.75 9.35 1.60 1.20 22.70
Agetg 8045 3.30 12.10 0.20 1.30 2.65
A3 6465 6.65 11.50 0.40 1.45 15.35
SEEd 6735 9.25 14.10 1.80 1.40 6.20
TEEF 6990 8.0 9.05 0.65 0.80 11.55
53 56.55 11.45 18.25 5.05 2.30 6.40
AEQY 389 23.40 11.80 9.15 0.45 16.25
A5 5915 11.75 9.95 6.90 1.00 11.65
AELE 5480 13.10 17.65 3.40 0.90 10.15
Aastd  65.25 8.85 12.80 1.30 1.30 10.50
Asly 5785 9.75 12.90 1.40 0.85 1775
AgeEz 6410 8.35 7.20 4.65 0.65 15.05
gz 68.80 6.80 5.80 3.65 0.35 14.50
Agdd 7255 8.30 5.40 5.80 0.50 745
AFdd 7290 10.20 11.25 2.40 1.05 - 3.20
AFAX 3405 16.55 6.30 1.05 0.15 41.90
AFF4 5085 5.65 11.15 0.40 0.30 31.65
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952t WU E AFEF W ME(, a b3 2 %

A =
TEE
L a b (

75.353 -2.596 2.889 61.504
73.989 -1.652 2.023 61.538
75.357 -1.773 1.793 61.218
75.338 -2.434 1.906 61.253
74.994 -1.887 2.434 61.041
72.601 -2.606 2478 60.910
4o 72.331 -2.364 3.050 61.547
LA 73.572 -2.678 2.366 61.430
A8l 73.625 ~2.621 1.321 61.509
A5 72.882 -2.513 1.526 61.187
dE 71.854 -2.451 1.240 61.130
4 71.711 -1.957 1.368 60.076
e 72.168 -2.799 2.106 61.464
3 73.818 -2.670 1.621 61.518
3 75.323 -2.592 2.266 62.272
F3 74.697 -2.601 2.084 61.287
=5 73.028 -2.528 2.898 61.752
dE 74.774 -1.739 1.993 61.534
A 75.119 -1.772 3.077 61.017
i 73.020 ~-2.399 2.706 60.880
74.946 -1.752 3.616 61.147
22 75.436 -2.526 3.464 61.009
23 74.607 -2.137 3.480 60.722
24 73.526 -2.159 2171 61.456
25 75.610 -1.637 2.163 60.862
26 74.356 ~-1.668 1.867 61.357
27 75.257 -2.319 2.130 60.827
28 73.228 -2.354 1.889 61.206
29 73.290 -2.577 2.371 61.021
30 70.912 -2.419 2.708 60.979
31 71.859 -2.579 4.120 61.002
32 73.199 -2.720 2.537 61.133
33 72.588 -2.391 1.576 61.348
34 74.018 -2.682 2.331 61.060
35 74.239 -2.301 3.184 60.741
36 73.826 -2.659 2.992 61.060
37 74.144 -2.667 1.702 60.956
38 75,589 -2.852 2.384 60.612
39 75.618 -2478 1.892 60.726
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Table 2-35 95dEA AHAE F58 W 2274 SHXA

22
2
o
ofN

Hard. Adhe. Spring Cohe Gum. Chew. Resi.

5051 -349.0 0475  0.198 9% 4779 0119
5128 -325.3 0441 0.208 1067 473.1 0.123
5442 -206.1 0454  0.204 1110 5050  0.128
5633  -2168 0425  0.187 1032 4583  0.126
5262 -2182 0396 0205 1076 4273  0.132
5213 -2804 0509 0197 1028 5198 0125
5249 -4580 0549 0211 1108 6064 0118
5272 -2716 0455 0198 1044 4741 0.126
5449 -241.4 0475 0221 1206 5743 0135
5392 -276.0 0469 0203 1100 5167 0134
4769 -3448 0484 0216 1027 5003 0125
5420 4180 0495  0.221 1198 59%.0  0.128
4920 2983 0459  0.202 998 4606  0.122
5301 -4169 0499 0218 1156 5788  0.126
6125  -3109 0482 0217 1232 9916 0128
5287 -3663 0531 0210 1118 6037  0.122
6068 -2715 0488 0215 1228 6033  0.126
o025 -321.8 0477 0202 1016 4875 0121
6087 -2763 0492 0210 1277 6305 < 0.136
5693 -3352 0480 0208 118 5679 0125
5525 -3451 0511 0202 1106 5573  0.126
5540 -2928 0433  0.201 1118 4848  0.123
5680 -351.8 0501 0197 1122  560.1 0.124
6041 -3684 0523 0196 118 6353 0122
5341 -2605 0470 0191 1020 4842 0122
5366  -1936 0471  0.186 1001 4723  0.124
5574 -3265 0496 0202 1128 5578  0.126
6653 -280.0 0482 0207 1372 6656  0.140
5090 -4054 0501 0213 1078 5424  0.127
5743 -4543 0516 0225 1292 6721 0.128
4950 5234 0533 0214 1058 565.1 0.117
o7 -3842 04838  0.207 1198 5899  0.128
5192 -3440 048 0205 1063 5164  0.126
5826 -480.1 0539 0205 1195 6414 0117
4963 -4435 0544 0220 1080  586.1 0.125
5320 -4254 0506 0214 1134 5771 0.127
5114 -3428 0481  0.224 1143 5472  0.139
5404 -4290 0513 0218 118 6072  0.126
5345 -2522 0450 0203 1083 4878  0.129

of oft ullloft fob, ok 10, offt o toh o el fob 1, b ek o, b off 2 0,10, LT ~eoft e o 1ok 10, of S0 4, Fo . ool fob S 4N
1 nf 2 e of o i 4 B o2 ooy i tob off . toh 4 {ob offf offf o2t ot S o i oo EL Bhfidodoo O

2,0 odl o ol o ot o oot ol folr 2Lk phL e AL AL ofjboleofiofoffofrofjkof ol ofliroyk o ol ot o, o o ot ot o
NofofelaCnlqe de o frofaCofaCel dr e 4 ool ofafoCloC dr fe e frpopopo o N N NN N N
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9 F5d 397 AR oo e FAFI

£ o 437}
1 77 Fob 4.45 LMN
2 77 o <k 6.14 ABCDE
3 A7) slA 5.42 EFGHI
4 77 B33 5.58 DEF
5 77 4 6.09  ABCDE
6 771 dE 5.88 ABCDEF
7 74 20 4.29 LMN
8 74 o) 5.16 FGHIJK
9 74 314 525 FGHIJ
74 B3 5.87 ABCDEF
5 dE 6.38 ABC
5 8} 5.75 BCDEFG
5 -9 5.61 CDEFG
=5 4 6.38 A
=9 F7 474 HIJKLM
! 4 5.53 DEFG
4 +F 4.10 MN
e AdE 6.45 AB
9 oL 521 FGHIJ
=g A 8} 3.31
AL =2 5.05 GHIJKL
A8 A 3} 324 .
AE :hcs 3.13 0
AB 243 467 IJKLMN
A A 8} 545 EFGH
A =g 5.25 EFGHI
A 314 473 HIJKIL.M
Iy e 435 LMN
3y 3 6.17 ABCDE
A& 314 3.48 0
AE R 401 LMN
BE =2 395 N
A5 dF 6.38 ABC
A 314 461 JKLMN
A s} 5.06 GHIJKL
A =2 455 KLMN
A ] 6.51 AB
A qd 592 ABCDEF
A F A= 5.86 ABCD
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Table 2-38 95 d =4F 4b4] 2 £F4d 398 A 59 227 o F2E7}

2] =% 287 F2H7
1 737 ot 472 FGHIJ
2 A7 o ¢t 6.07 AB
3 A7 g4 524 - CDEFGH
4 77 53 5.20 CDEFGH
5 A7 4 5.56 ABCDE
6 77 dE 5.59 ABCDE
7 A4 oo 447 HIJK
8 74 2\ 4.80 FGHIJ
9 4 3} 464 GHIJK
10 7#4 23 547 ABCDEF
11 &5 UE 6.14 A
12 == sl A 5.39 BCDEFG
13 % =} 5.75 ABC
14 =5 3 5.83 ABC
15 =9 2 453 HIJK
16 &9 33 5.18 CDEFGHI
17 =9 S2 4.19 JKL
18 &% dE 6.12 AB
19 =9 oL 493 EFGHIJ
20 = A 3} 3.38 MN
21 AE =2 4.62 GHIJK
22 A& A 8} 3.63 LMN
23 A& g 3.25 N
24 A5 ¥ 3.96 KLM
25 Ad A 3} 5.20 CDEFGH
26 Ag =1 492 DEFGHIJ
27 A 314 467 GHIJK
28 B s 3.70 LMN
29 I =7 5.70 ABCD
30 A% 314 375 LMN
31 AE 2 4.18 JKL
32 A 3 4.46 HIJK
33 AH dF 6.18 A
34 A 344 4.40 JK
3B A 3} 5.00 DEFGHI
36 Ag =2 481 FGHIJ
37 Ad 122 6.03 AB
38 A A 5.66 ABCDE
39 AF qd 5.17 CDEFGHI
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Table 2-39 95 =4t AbA] 2 F58 394 A5 9 tle] oigh F2AH7}

AbA] 5 ot EA7}
1 A7 ot 475 FGHIJK
2 77 et 6.32 A
3 A7) 3k 5.30 DEFGHI
4 727 s 5.38 CDEFG
5 A7) 4 577 ABCDE
6 A7) dE 5.74 ABCD
7 B4 2 452 HIJKL
8 74 2l b 481 FGHIJK
9 74 314 5.19 DEFGHI
10 #4 233 555 BCDEF
1 =8 gdF 6.27 AB
12 &5 514 5.89 ABCD
13 & (X} 5.79 ABCD
14 =8 3 6.21 AB
15 &% 32 453 IJKL
16 ¢ 4 442 CDEFGH
17 3¢ 35 427 JKLM
18 =4 dE 6.07 ABC .
19 &9 o+ 5.32 CDEFGHI
20 ¢ A & 3.13 N
21 AE =2 478 FGHIJK
22 AE A 3} 3.65 M
23 A& A 345 M
24 AE ¥y 4.18 JKILM
25 A A &} 5.34 CDEFGH
26 A la=s 4.90 EFGHIJ
27 A 34 4.80 FGHIJ
28 39 =1 403 KLM
29 I 3 592 ABCD
0 AH 3} 393 LM
31 A& 2 495 JKLM
32 AR ol 464 GHIJK
33 AE 182 6.46 A
4 A 34 454 HIJKL
3B A 3} 471 GHIJK
36 A Ll 527 DEFGHI
37 A =23 6.45 A
38 A g 5.99 ABCD
39 AF g 5.32 CDEFGHI
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Table 2-40 95 =4 A4 4 59 394 Age A& S22}

kA £ Avtael FAH7)

1 727 ot 461 HIJKLM
2 A7 o 2t 6.17 AB

3 A7 314 5.12 EFGHIJ

4 77 B33 5.40 CDEFG

5 77 F4 5.72 ABCD

6 7] dE 5.63 ABCDE

7 74 LR 4,37 JKLMN
8 #4 ] 490 FGHIJK

9 74 8}4 5.00 EFGHIJ

10 2« 3% 547 CDEF

1 =5 adF 6.26 AB

12 =% 34 5.60 BCDE

13 =5 2 575 ABCD

14 =5 +4 6.02 ABC

15 ¢ Ll 460 JKLM
16 =49 4 5.29 DEFGH

17 ¢ R 408 LMNO
18 =9 dE 6.13 AB

19 =¢ b 5.20 DEFGHI

20 ¢ A 3 3.09 P
21 AE =X 476 GHIJKL

22 A& Al 3} 352 OoP
23 AL ShsT 3.26 P
24 A5 @3 4.25 KLMN
25 Ad A 3} 5.32 DEFG

26 Ad Fa=s 479 FGHIJK

27 A A 476 FGHIJKL

28 3¢ 29 401 MNO
29 I >3 5.83 ABCD

30 AF 314 3.84 NO
31 A5 2 4.13 LMN
32 A5 =3 4.46 JKLM
33 A% dE 6.33 A

34 Ad 31 441 JKLMN
3B A 3}y 458 JKLM
36 A =3 497 FGHIJK

37 Ad Bl 6.30 A

38 Ad A 5.86 ABCD

39 AF A 535 DEFG
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Table 2-41 A5 5129 =AY AFH EA
AT

54

36 87 a3 89 90 91 92 93 94
5967 6400 6327 58 634 58°  570° 457 424
ol 669 6597  671° 664 613%° 570° 503 3100 24%°
ZA7Z 655 659 6217 585 593 533 48° 206 268
= 627" 663 617 6.14° 620 555 52 3397 - 3007
FHA
JIZE 648 6660 635 607 6.06° 548 5077 3100 286°

b AN BFRAYL o 8F A Bt

2R BBEHIS ol8ate] BEWrbd ALEE & D wte) wab
AHERS AT A% & 2 LN e FRRAS B3P o™ (Table
2-42, 2-43, Fig 2-2, 2-3), 53 2& SAY © IW, %, TR 5=
A #sA Brlel 9%l el AEee He 2HH ERRAH o §

24 e AvHt A5 EE welFUnh
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Table 2-42 o #FHAXS} o] 2489 E3E A X (Partial Least
Squares)9} e} FFHTA

Lo

Sensory Calibration Validation
Attribute SEC R SEP R
Flavor 0.339 0.668 0.397 0.547
Appearance 0,423 0.898 0487 0771
Texture 0.405 0.764 0.446 0.713
Taste 0.427 0.769 0.475 0714
Devtatity | 0459 0.766 0.485 0709

Table 2-43 W9 #AFHAIAS 29 Z2HM EBEA X (Partial Least
Squares)$F 2] AT#A ‘

Sensory Calibration Validation
Attribute SEC R SEP R®
Flavor 0316 0.497 0.375 0.320
Appearance | 3 0.903 0.427 0812
Texture 0.351 0.784 0.402 0.716
Taste 0.187 0.951 0.428 0.744

SEC @ Standard error of calibrationR : Multiple correlation coefficient
SEP : Standard error of prediction
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T
i
F
b

T

il

RHTable 2-44).

B

7

2 A8, b gelAE BARY

=EE +

7y

Hd=dz FA43 LA

s

d&gd 9
(Table 2-45).

Table 2-44 =)

H, Jsid, F2e) M=, a b)

g

o
=
i~

405° 53.6%

45.8 51.5° 38.8¢

-0.29°

L***

-0.52°

0.40°

1.61*

EEES

b***

-0.38°

<

4.94° 3.77°

823"

391°

2.69%

9 Aol 7t Y&

o

alphabet

KB
.

SA4dA 2

N

Qo = YT

i

o))

o
ojp

] 9%

2.
=
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Table 2-45

A 14 Agste ded FAZEY B2 SF(0
T, e, zr A Aehe] wE Ax (L, a b)e} dn
#1099 Axsty vlm
dede) FARE
=4 WeRg 2y G207 kg Ar) 9 9
L™ 36.1° 38.3¢ 40.7° 43.8° 47.4°
a™ 423 3.07° 1.75° -0.024 0.09°
b 12.21° 14.00 13.89 11.16° 9.07°
" p=000L FENN 2 AP FHA Aot Y&
oz A 24 109 whE Z3e) FFL 2 EAGAM 22 alphabet
€ FHT AT L FEY A9 BHE 2L Qo = AYP
& wmss] 9%
o}, 333} BA 7] o F4 B
AFd A FE5HE 50F9 2 FHE9 71&9 St 95 £
B3 B FARNAVE AHSSA dojR A wwsArh(Table
2-46). HeHEAC W|sly B3ty FAZAVIE AMESES W FEY, A
2] 2 BAAYANA  24%, 4.0%, 29% Z+Zt =A dErgth FEald)
A% FHENL o} e 2 23 A2 o Ao Jehyg
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Table 2-46-1 S<AST FFAF ARG 45 FHEY vz
(Z%%)
F2937) 4 AF al
e SR B N e e R B B e i D v Bk R e N R b B B b
1 | 31 | 99 9.2 01 | 03 | 78 48 00 | 28 | 21 44 0.1
2 | 15 | 131 | 73 00 | 02 | 108 | 23 00 | 13 | 23 5.0 0
3 | L1 | 130 { 30 00 | 02 | 41 L7 00 | 09 | 89 13 0
4 | 26 | 109 | 84 01 | 05 | 59 32 00 | 21 | 50 5.2 0.1
5 15 | 86 5.1 00 | 02 | 52 17 00 | 13 | 34 34 0
6 | 16 | 120 | 60 00 | 02 | 72 14 00 | 14 | 48 46 0
7 | 35 | 123 | 70 01 | 02 | 82 16 00 | 33 [ 41 54 0.1
8 | 19 | 114 | 90 00 | 01 | 86 19 00 | 18 | 48 7.1 0
9 | 08 | 96 5.0 00 | 01 | 47 2.0 00 | 07 | 49 30 0
10 | 42 | 106 | 73 01 | 05 | 73 24 00 [ 37 | 33 43 01
1] 26 | 102 | 78 00 | 04 | 66 2.3 00 | 22 | 36 55 0
12 | 18 | 98 55 00 | 02 | 74 2.2 00 | 16 | 24 33 0
13 ] 12 | 114 | 40 00 | 01 | 74 L6 00 | 11 | 40 24 0
14 | 14 | 134 | 83 00 | 07 | 101 | 438 01 | 07 | 33 35 0
15 | 18 | 139 | 49 00 | 02 | 93 L7 00 | 16 | 46 32 0
16 | 27 | 90 3.7 00 | 02 | 53 20 00 | 25 | 371 L7 0
17 | 11 |ju3 | 57 00 | 02 | 58 24 00 | 09 | 55 33 0
18 | 16 | 86 44 00 | 04 | 44 39 00 | 12 | 42 05 0
19 | 32 | 172 | 68 00 | 02 | 125 | 37 00 | 30 | 47 29 0
20 | 19 | 136 | 176 00 | 03 | 93 59 00 | 16 | 43 L7 0
21 | 39 | 97 52 01 | 02 | 75 3.7 00 | 37 | 22 15 01
22 | 15 | 148 | 55 01 | 02 | 85 25 00 | 13 | 63 30 0.1
23 | 20 | 92 44 00 | 01 | 60 25 00 | 19 | 32 19 0
24§ 22 | 121 | 54 00 | 01 | 63 2.3 00 | 21 | 58 3.1 0
% | 24 | 91 54 00 | 04 | 23 38 00 | 20 | 62 1.6 0
26 | 18 | 119 | 48 00 | 02 | 65 40 00 | 16 | 54 0.8 0
27 | 14 | 150 | 81 00 | 01 | 110 | 40 00 | 13 | 40 41 0
28 | 23 | 84 47 00 | 02 | 55 2.3 00 | 21 | 28 24 0
29 | 20 | 66 59 01 | 02 | 42 29 00 | 18 | 24 3.0 0.1
30 | 36 | 108 | 173 01 | 04 | 80 42 00 | 32 | 28 37 0.1
31| 21 | us5 | 78 00 | 04 | 91 36 00 | 17 | 24 42 0
3222 | 140 | 96 00 | 02 | 112 | 53 00 | 20 | 28 3.7 0
33| 22 | 100 | 69 01 | 02 | 70 33 00 | 20 | 30 36 01
34 ] 12 [ 126 | 50 00 | 04 | 96 2.2 00 | 08 | 30 28 0
B | 18 [ 15| 18 00 | 01 | 48 06 00 | 17 | 67 1.2 0
36 | 17 | 86 84 01 | 02 | 57 45 00 | 15 | 29 39 0.1
37 | 10 | 148 | 34 01 | 02 | 105 | 23 00 | 08 | 43 L1 0.1
38 | 19 | 50 39 00 | 03 | 28 24 00 | 16 | 22 L5 0
39| 26 | 168 | 67 00 | 03 | 135 | 30 00 | 23 | 33 3.7 0
40 | 35 | 77 55 01 | 04 | 48 30 01 | 31 | 29 25 01
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Table 2-46-2 S<tA|S3} Be2E4

(T%%)
v 3837 <t A s
R P FIE IR R R e e R E e IEE I eI B
41 | 43 9.0 5.0 0.0 0.3 56 2.2 0.0 4.0 3.4 2.8 0
42 | 37 | 125 3.1 0.0 0.2 8.0 1.0 0.0 35 45 2.1 0
43 | 31 11.8 1.3 0.0 0.4 3.0 0.8 0.0 2.7 8.8 0.5 0
44 | 53 | 126 8.6 0.1 0.4 9.6 5.9 0.0 49 3.0 2.7 0.1
45 | 47 | 105 5.9 0.2 0.3 5.7 2.7 0.0 4.4 18 3.2 0.2
46 | 29 6.6 3.1 0.1 0.4 3.6 1.2 0.0 2.5 3.0 19 0.1
47 | 35 8.2 1.7 0.0 0.2 5.4 1.6 0.0 3.3 2.8 0.1 0
48 | 86 7.6 4.4 0.1 0.4 5.4 44 0.0 8.2 2.2 0 0.1
49 | 81 88 5.2 0.0 0.5 59 44 0.0 7.6 2.9 0.8 0
50 | 45 | 114 3.3 0.0 0.2 6.3 16 0.0 43 5.1 1.7 0
B 11.0 5.7 0.0 0.3 7.0 2.8 0.0 2.4 4.0 29 0

9. 4B od ERA

TUAME HI e o83 F2 BEMV)eE0] Bol AFH

dow, ZHAA g ol&d FH Y 5& A% AFEC] ¥

A 27HA AAEI Yt EAFHNAME Grain Check (Tecator Co.)&
o] &3 AolAel F9 B A 77l A5 HI/HE AT don
2o A F2 FA47] AL e Ve AEE FI52 doh A
1014 EUNEE %9 D Grain Checkd] <J¢ 2539 EHEIH} (Fig.

2-5)% Grain Checkdll <3t #40] B} Ao A& HogFam v}

=
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A 448 B 7lE o3 FAn

ofN
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of)
Hi
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ofN
AU

,olgeloldt 49%F 29, HEA 2

1. 7+%e] fE4e) E9 i

W7, AE % nFe] fEH AN} EFFY 4L Fdste] E9

W A% (Table 2-47) $-2vbeh &e A PH oA W 3ol
et Al 24EY L Fael e Ao vexth 53 A
At w= % dradl o 4-5%7 Bos, oF AAY WE wo

=< 549 28 28 7 oy RAER AUE AYUE 283 Ve
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Table 2-47 #=, & 2 734 {849 F9 v ()

A HEE | Al 24EFE | /e | AR olE
0.1 5.5 2.5 03 0.19 0.00
L 0.2 5.0 27 0.1 0.30 0.00
0.1 8.3 11 0.1 0.50 0.01
0.1 1.2 0.3 : 0.07 0.01
dE 0.1 3.2 0.4 0.1 0.10 0.01
0.1 2.0 0.2 : 0.05 0.00
0.0 3.0 0.1 : 0.02 0.00
o = 0.1 2.3 19 ‘ 0.06 0.01
0.0 19 0.9 : 0.01 0.00

2. +88Y #54 54 v

el Frol Aol A ANE TAE FUFHS Adste] vud P} 42

Ab ol mlFAt Ao WEte] i EA UER
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Table 2-48  HlZAbE 3} d=444e #53 54 vla

e =2
s A
3k =H E}n] 7] A7NFEH FEHIE AEFA
Eia 529%  512° 6.21° 6.71% 596%°  6.00°
9B 518>  6.08 6.78 6.56 618  6.12°
Z A 463  495®  604° 6.17* 595%  579®
o 5.00 5.41 6.13 6.08 574 595
4
ABE™ AT 508 626 6.08 5.70% 5.87®

abe Ze rowdl 22 29dlE ZE ARE Aot e
™t p=0.05, p=0.001 FEAA FAHA Ael7t A&
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HM3® R53 wol X Hsl

A 1A Wuo Ta =y

& ARsE 5 ALE w24 EHPd. & glycerind ester
7t A= 9l& linoleic acid, oleic acid, palmitic acid 5& zjatAlo] <
3o shrRase] A Pdez fedh ©] AL benzeneolth toluene £ 9
F714W2 FE}2 424 KOHE F3stn JTE 100gF ALY
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B Ao AHgE 7T BEAA Y SFEAAAC 9% R, G Ba
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3 AxAC 3 Y, x, v3&H FBAFE FEAE A YERT Y A9
ARAFE 095019 x9 x'Abelel F@AFE 083, 28 vy & y'HE
Abole] F@AFE 078913

AANF 2 o AR 70 EEAAY FAEAZAN 9T R,
G, B Y, x, y'@e= wastdch o o, sEHAA A 7 A
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x= 776 x -225 (R®
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oS, 35l
s o EE':‘—*. AChSH| ol EEdol sSa ol
(mm (mm) (mm) ~ {mm)
(%) LT3 ®xx EEE *xx EEE
ol af gl 9,55 2.12° 4.91° 2.32° 12,73°
5 g 13.11% 1.80° 5.36" 2.94° 14.32%
H AbD| 12,03 1.86" 5.24° 2.77% 13,82
= AHD| 11,07° 1.89° 5,04 2.62° 13,29
E g 13.74° 1.83° 5.53° 2.99° 14,85
B )z 12.20™ 1.76° 5,117 2.85° 13.76™
ol 11.15° 1.87 5.02% 2.64° 13,30
2z 13,00 1.81° 5.34% 2.91° 14.24%
(EH) ET 1 FE T EETS rx e
| 5f{ 2 5.88" 3.01° 4.62° 1.50° 11.08°
5 g 8.21% 2.48° 5.10% 2.00° 12.28%
uy ALO] 5.33" 3.68° 4.97" 1.32° 11.28°
HALD| 6.01° 3.09° 4.83" 1.51° 11,30°
s & 8.71° 2.49° 5.26 2.04° 12.70°
S 7.14° 2.64° 4.90% 1.80° 1175
Ho|= 7.05° 2.55° 4.81 1.84% 11,.55°
=iz 8.02° 2.56° 5.10% 1.94% 12.24%
(2fH) X% X% xxX L33 ®xx
ol sfig 5.09° 1.39° 2.95° 2.11° 8.64°
y g 7.27° 1.12° 3.22 2.81° 10.10°
8 A}D| 6.25% 1.09° 2.98° 2.62% 9.33%
A AbD| 5.82" 1.13° 2.90° 2.49° 9.03"
£ & 7.68° 1.17° 3.41° 2.83° 10.34%
EL T ES] 6.68% 1,00 3.08 2.711° 9.61*
Mol 6.02% 1.12° 2.95° 2.52° 9,16
Euig 7.05% 1.12° 3.18° 2.77° 9,89%
e Ao wW(w %) A ZF EFE AolE YEd Aom

‘O_I‘Nl
N fE
H

o

5]
2L alphabete 2L F39¢)
sk p=0.001 FFNA AEZF F-2F zol7t e
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Table 4-2 #Avle] E9
=, A=

# o dg= SM =Mz gNs
=) ®) () (8)
e X% oo
Il 62 1.38° ;
8 2 ] 154EI 155° 12.0°
1.24 176 179" 56.3°
i At 126" . >
_ 26 224 226° 33 5P
JgA"DI 1.27° 199° D 3.5
% E 1 28n ag 205 17_0"
0] : 183 167 3.1
_ 1.24 208" 210° 5
gﬂ[% 1.26" 170" a 34.9
=4E 1.25° ; o 13
<
(Za) 190 193 123°
ol g 1 69° T we xxx
o g e 142u 144 127"
) Ao . el 170* 150"
- 1.91 206" 207° a
2 AL | & ) 182
= & 177 183 158°
=4 1. 47t 1'73cu 176“ c
40| : : ez
. 1.54 187 189° o
ng:ll-ﬁ% 1.51¢ 159° 8 169
EC c 166 147°
= 1.49 o
171 174" ca
(gteD) 156
. REX k%% %
= 1.19% 3 : o
o g 1'129 1146{ 149° 130°
. 64° a a
BHALD| 111° . 168 148
- 11 213 215° a
HAD| 1 12° be 189
= = . 186 193" 164°
s ¥ 1.11° 172% ca ¢
40| : e Ll
< 1.10 193" 196° »
Yol= 1.11° 159" a 1’
=uya N 167 148°
= 1.10 ca
e o : 178 182° 163°
e A =9 gw) A
RS9 il il A = =
Ze alphabet%ﬂQti-’F-i)—??ooﬂ 1 7t E49 Aoz Ykl Aoz
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Table L
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Table 4-3

3¢
*

3
3

E3
*

3t

3t
3

Fi%|

oK

13,427
12.73°
11,95°
13.26°

2.85%
2.73"
2.46°
2.90°

5.09°
478"
4.62°
4,95%

1.74%
1.70%
1.81°
1.65"

11.64°
10.49°
8.92°

11,63°

o
E

2y
4 g

| 9
F A

I
zl

x

k%%

3t

M
3t

£33 4

o
Kr

8.03 2.43° 4.94° 1.99° 12.0°

o A g

7.05 2.49° 4.63 1,85 11,3

g
o s gl

JilE|

10.9°
11, 7%

1.84°
2.00°

4.43°
4.78%

2.37°
2.34°

6.65"
7.75°

5 A g

F

X%xx

£33

3%
3¢

b33 4

9,92
9.38"
8.68°
9.70%

[

=3

2.74°
2.62°
2.33°
2.73°

3.22°
3.02°
2.87°
3.12*
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Table 4-4 9vle) £99 Azd B2 SFEYRY, 59, FAY
= AAE, A% JA5)e ol

o ol . S =M MR
{(R) (G) (B)
(HH) £k x%x XX £33
2o g 1.23° 190° 202° 195°
Eo4EE 1.23° 217° 225° 216°
o & g 1.28° 170° 176° 162°
o g 1.20° 171° 168" 141°
(&) FTT X X
2d g 1.44° 184° 195° 190°
EAEE 1.46° 198° 207" 198°
g & 2 1.44° 160° 165° 154°
a2 o 2 1.42° 161° 159° 137°
(QH) x £33 3 X% X%
2 g 1.11° 186" 198” 192°
E4AE 1.10° 207 217 209°
ol & g 1.12° 164° 170° 157°
e 1.11° 165° 163° 139°

de e AW, 9, g9) YA ZH B 2ol B Yehd
o £ alphabet& & F£54¢
p=0.05, p=0.001 FFAA AEZ #9934 FHol7} UL

bt
o

® kK v ¥4
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=y $E9E W6 548 & USDASH/IF 97
ga A3 T fEEdE 949, AFFY, A9
om, *z g3t BAFY Fo| FFL FATE A2 vExy
(Table 4-5),

S
=

r-\'?L

FAEA system® E Unix systeme. A8 Grain Check(Tecator
Inc)g AH&3st4tt (Fig. 4-4). ©] system< CCD cameras}t A-&& AH&3}
o BLE Qo] Fo] I} conveyer beltd] shaking 3HHA EEE EX
%A & CCD cameraZ o]-&35d 3IAe Z 349 pixel WFH
AA Wuje) FAZ £33 pixel FAE A4St HA FAFT A4,
g WEEEZ At

calibration’]| 224 head ricers 4AAHe WA}, chalky kernel
Bujo] 50%0]4¢1 M), AP SAH 3/40]5 W E AEEHoH,
HEF 20mmAE FA3E AEE 2H4HoE 3 I o] HHELS o
H YO 2 calibrationA| 2& A& AT

SAd, dd8, a24d44d EHPEWEL ANN(artificial neural
network) & AH& 35t calibfation/\] head rice, chalky kemnel, i 8, &84
o] #¥go] ZHzZt 97.8% 96.2%, 94.3%, W7%LdH e} A S = validation
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Table 4-5 The percentage of chalky kernels and broken kernels and
grade of milled rices currently marketed in Korea

Cultivated Chalky Grade Broken Grade Grade
province kernel(%) by chalky kermnel(%) by broken by chalky and
kernel kernel broken kernel

Kyonggi 2.07 2 471 2 2
Kyonggi 1.87 1 6.94 2 2
Kyonggi 2.17 2 3.67 2 2
Kyonggi 131 1 3.8L 1 1
Kyonggi 3.65 2 333 1 2
Kyonggi 2.21 2 12.58 3 3
Kyonggi 2.85 2 4.50 2 2
Kyonggi 1.90 1 532 2 2
Kyonggi 3.85 2 782 3 3
Kyonggi 3.89 2 Q.77 3 3
Kangwon 436 3 10.94 3 3
Kangwon 5.76 3 7.60 3 3
Kangwon 527 3 1556 4 4
Kangwon 4.84 3 6.43 2 3
Kangwon 3.85 2 7.73 3 2
Kangwon 440 3 19.67 4 4
Chungchong 2.51 2 273 1 2
Chungchong 217 2 518 ° 2 2
Chungchong 320 2 3.06 1 2
Chungchong 2.59 2 10.22 3 3
Chungchong 2.08 2 5.65 2 2
Chungchong 3.37 2 11.42 3 3
Chungchong 482 3 442 2 3
Chungchong 2.32 2 5.08 2 2
Chungchong 3.04 2 452 2 2
Chungchong 6.44 5 771 3 5
Chungchong 2.05 2 6.87 2 2
Chungchong 3.08 2 459 2 2
Chungchong 2.28 2 6.19 2 2
Chulla 450 3 8.86 3 3
Chulla 1.75 1 535 2 2
Chulla 2,83 2 3.68 1 2
Chulla 291 2 3.8 1 2
Chulla 2.28 2 446 2 2
Chulla 1.70 1 2.24 1 1
Chulla 316 2 2.89 1 2
Chulla 2.34 2 526 2 2
Chulla 429 3 3.90 1 3
Chulla 2.23 2 7.01 3 3
Chulla 0.97 1 9.53 3 3
Chulla 2.31 2 340 1 2
Chulla 3.4 2 339 1 2
Chulla 2.3 2 573 2 2
Chulla 3.08 2 3.20 1 2
Chuilla 153 1 6.02 2 2
Chulla 321 2 353 1 2
Chulla 290 2 2.82 1 2
Chulla 212 2 6.72 2 2
Chulla 2.16 2 892 3 3
Chulla 1.53 1 8.01 3 3
Kyongsang 4.00 2 741 3 3
Kyongsang 342 2 8.08 3 3
Kyongsang 323 2 9.55 3 3
Kyongsang 293 2 6.40 2 2
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Table 4-6 Grain checkel 9% Hujdzxk =4 9 55

mple | BROBRTERE | Grage B N el %6 | TERABEIRNG | raac ENDEISHING ) (o5
1 2.70 1 471 2
2 3% 1 554 2
3 3.30 1 567 2
4 3.0 1 381 1
5 170 1 333 1
5 760 3 1258 3
7 2.3 1 150 2
8 420 2 5.2 2
9 560 7 782 3
10 820 3 977 3
11 1000 3 1094 3
12 6,60 2 7.60 3
13 1360 3 1556 1
14 460 2 6.43 2
15 6.00 3 773 3
16 17.40 4 19.67 4
7 2,00 1 273 1
18 360 1 5.18 2
19 820 3 10.22 3
2 5.10 2 56 2
21 11.80 3 1142 3
22 3.20 1 442 2
) 370 1 508 2
2 100 1 452 2
% 540 2 77 3
% 150 2 6.87 2
7 5.00 P 459 2
28 5.20 2 6.19 2
29 7.20 3 8.5 3
2 2.90 1 555 2
31 2.80 1 368 1
2 2.90 1 3% 1
E) 3.20 1 146 2
34 170 1 2.24 1
% 2.40 1 259 1
% 100 1 526 2
7 2.9 1 3% 1
B 270 1 701 3
) 880 3 953 3
) 3.20 1 340 1
41 260 1 389 1
2 5.00 2 573 2
3 180 1 320 1
7 430 2 6.02 2
5 2.70 1 353 1
4 270 1 282 1
47 510 2 672 2
B 850 3 892 3
o) 560 2 8.01 3
50 2.30 1 306 1
51 5.40 2 741 3
52 550 2 8.08 3
53 7.60 3 9% 3
51 710 3 6.40 2
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Table 4-7-1 s}

o
A
1
okt
oL
o
o,
ofo
rd
o
riL
rx
do
o
=
=)
Lo
ol
ll
e
i3

No| A9 | 5% LI ERIEE R
Wt % 8737 593 6.7 6.4 0.33

1 A= 3 Wt g 2167 143 167/ 159 0.07
# of kernels 1156 83 160 150 11

Wt % 9093 6.77) 227 183 243

2 A7 % 4 Wt g 226 1.7 057 046 0.11
# of kernels 1185 98 B9l 4233 16.67

Wt % 89.771 813 2.13 21 0.03

3 A7 = 5 Wt g 2227 203 053 052 001
# of kernels 1165 114 50 4867 1.33

Wt % 90.27, 377 597 557 0.4

4 A7 = 2 Wt g 2243 093 148 1.38 0.1
# of kernels 1153 51.67| 145 129| 1567

Wt % 91.43 6.6/ 193 17] 023

5 A7 = 4 Wt g 22.67) 167 048 042 0.06
# of kernels 1192| 92.33] 48| 3967 833

Wt % 90.5 72| 23 20 0.27

6 A7 = 4 Wt g 22.47 1.8 0.57 05 007
# of kernels 1147 102 5767, 4733 10.33

Wt % 68.77] 18.33| 12.93 12| 0.87

7 Y= 7 Wt g 17.07) 453 319f 298 022
# of kernels 830 245 303 270 33

Wt % 7177 19.03] 9.2 893 023

8 U= 7 Wt g 178 47 228 2211 006
# of kernels 811 236] 195 186 9

Wt % 74.6] 1797 7.43 7.3 017

9 AS IR 7 Wt g 1847 447 185 181 004
# of kernels 832 224| 157 151 6.33

Wt % 88.97 820 287 267 023

10| HE= 5 |Wt g 2207 203 071 065 0.05
# of kernels 1175 118} 71.67 64 767

Wt % 8527, 12.17 257 257 0

11| FHE= 6 Wt g 21.1; 303/ 064 063 0.01
# of kernels 1076 172 59 58 1
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Table 4-7-2

No.
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Wt g

# of kernels
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L
bt
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Wt %

Wt g

# of kernels

14

Wt %

i

off
a
ki

Wt g

# of kernels

Wt %

off
ot
og
i

Wt g

# of kernels

16

Wt %

off
a
ki

Wt g

# of kernels

17

Wt %

o
o
bt

Wt g

# of kernels

13

Wt %

o)
i
b

Wt g

# of kernels

19

Wt %

e
i
i

4t

Wt g

# of kernels

20

Wt %

=9
o
b

e

Wt g

2.18

# of kernels

231

21

Wt %

4.83

2

kY

4t
b

Wt g

12

# of kernels

114

22

Wt %

6.53

2
e
t

Wt g

1.62

# of kernels

170

23

Wt %

1.97

(2
4
bt

Wt g

0.49

# of kernels

50.67
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Table 4-7-3 S4EAPYE o &3 '8N FEUe S FF B
No., =AY SF a5 S B g HAH 24
Wt % 832 9.03| 7.77 7 077
24 | AYgERE 5 Wt g 206 223 1921 174/ 0.18
# of kernels 1041 122 192 163 29
Wt % 80.9 120 717 673 04
25 | ABER 6 Wt g 2003, 297 177 167 0.1
# of kernels 1030] 165 173 158 14.33
Wt % 86.2] 7.27| 6.6 553 097
26 | A= 4 Wt g 214 1.8 163 138 024
# of kernels 1093] 99.67| 172 132 40
Wt % 8363 907 73 657 067
27 | HIgE=E 5 Wt g 2073 223 18 163 017
# of kernels 1034, 123 181 154 26.33
Wt % 89.17) 627 457 38 077
28| AdE= 4 Wt g 221 157 1137 094 019
# of kernels 1128 84.33 120 89 30.67
Wt % 8423 1233 343 3.03 0.4
29 | AEE=E 6 Wt g 2087 3.03] 085 0.75 0.1
# of kernels 1100, 170 89.67| 72.67 17
Wt % 86.53 10.73] 273 237 037
30 | ASE=E 6 Wt g 214 2670 068 059 0.09
# of kernels 1149  152] 72.33| 57.33 15
Wt % 85.67 77 66 6 0.6
31 | AEE=x 4 Wt g 21.17 1.9 163 149 015
# of kernels 1116 110} 166 144 22
Wt % 8527 5470 927, 907 0.17
2| A= 3 Wt g 2107 133 229 225 004
# of kernels 1124] 80.331 224 217 6.67
Wt % 92.33] 333 427 407 023
33| A= 2 Wt g 228 083 1.06 1| 0.06
# of kernels 1202 49 106 97.33] 833
Wt % 83.43 92/ 737 713 023
34 A= 5 Wt g 2073 227 183 177 006
# of kernels 1132 133] 178 169 9.67
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A 23 ZHAEFENAH g F9 A
AMED S
TWNBA /A Fde A2HEY S Yo TAHYM £F
A7) (NIRSystems, Model 6500, Silver Spring, USA)E °|&3%

I
Y
k)
)
%
4
ofd
e
2
N
rr
Ao_L
O

AzE o2 400~2500nme] T8 9
M 2nmztd oz WA 2 R ~HEJE FHE 5 e, Age P
EE £0.3nmelth. EF, ZFHYM EFEHZIE AEe BHe FF/
wal 27 g2 BES AXstd £A3E F Utk B AN E F 3ol
W Z FAY Remote Reflectance ZEE ©]&3t9 400~2500nme| %
F9QeA 2nmAA LR WAL AHER S S on, 2AHAH £FE
H719] FE5& 93 Ag Z2aYPe NSAS(NIRSystems, Silver
Spring, USA)E o483, A8 & 323 FA(scan)std %
3 F BEE 2"9EFL FFE(og(l/R)E HEHo HFEHS HAd=
AZHAA. 71F 2HEHY (reference) S F4 A FAEE U=
A2t # (ceramic plate) & o439t}

- 147 -



52 olgste] 400~2500nme] FFFANN WA zuEYY FHE
(logl/RNE ZA3Eth EFAZZM USDA 2 @AFAel ssted )
g0l Wel 157, 257, 357 ARE 247 13084 Azse] £ 390
(Appendix )9 2BEYS WAYZ B&sto] UL ALSHAx, Tl
N fEFQ W)

Zgatel A
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rul
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oo
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2do st A3, £¥€24 2nm<l 13 & 2FHEH S o] &3
2do] 74 A e wAI HFA 242 96% ¢ 100 %62 AEE&
< 2o FUTh (Table 4-9). & AFA AM&d 543 F5979 Hn &
Fo WE & % USDATEFS F= 1, 2, 3 5822 Yeytoen, 7z
ANg5Y SFEFTE Table 4-99 9tb. 543 A& 9] fiber opticoll ¢]& & H
g Bdyo A gFE Wre 3532 AdEQY. F AFEANEE ALE
o #Ade A YA FIEHJeY, FEHE 22 BUYET A

e
o
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re
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X
rh
=
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rir
s
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w
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3
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e
|
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=
E
Lo
2

3 g BA@
Hol ol o] BEge 2o oz BuHAUY. AW 45U 2L
2 SFARA 9% BN FEo AN oY
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Table 4-9 Fiber opticell 93 594

155 2= 3sH
Calibration
A7 155 (1303) 129 0 0
255 (130%) 1 128 10
35w (1303) 0 2 120
Validation
AR 155 (130%) 130 0 0
25+ (130%) 0 130 0
TH 130%) 0 0 130
543 AR 0 4 50

- 3@z : Math treatment 1st derivative(gap size 2nm)
Scatter Correction NONE
Wavelengths 400-2500nm
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28 449

)
wabE), QA WeE A, A8, 24, ARy 2 A9 Ee ue

49A 2 FE38A

2. A5 9 JHANFA/ZH A 2AEYH £F

AdE A= AR AAXA(CR-300, Minolta Co., Japan)ZE ©]-&3}
o A, a b)E EAstE, 4 (1) o839 AZA(LIE)E A4tsdrh

AE = VAL? + Ag® + Ab> - oo (5-1)

A7VA, AL, da, 4b : difference in L, a, and b values between

the speciman color and target color

qEde 24T + Yon, e JUEE +03mmold, Az JH
FR weh A% UE BES AR 548 5 Uk 242Uy 23

A A g AAs} 9HS WA w7 Yo dEe] NEYE A%
GRS E TR

ANAAAZ Z3€ AEst AEAE ol g3t 7 Fo8 S4E
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AFEAFY ANB  AEZRY #AS FHEE AFEASE
(Chemometrics)dl ©]4€ =+ H EA ¥ (discriminant analysis)< Z} T
(group)e] EE WFggozH

=
ol Mz e F Hed ARedg vmstd shie BER

299 Mg e Z+ Ao A"EHOZRYH T
3= e g% 23 EH(deal spectrum)-g& TET. o] o TEZ
Fx A2928dL 7 Aog R 2 Ugd F e 2 9 FE $EEY
(Bge 4oz FAEI, A o 22 & Ad #Xe FLHAA E
z ~9EY9 FRE AASIY 2de FATG Jdd B2 A X9
~HERS BEY W& nR 9 2FEHo] &3e FARE 7, & D

o] o] &(Delwiche 5, 1996)= 3 1t}

B AFoAE du 2 wn)e 98 29EYHE o] &3] FAE
AR RN S AAstn Zde lgsd. E9EE drle 104, Hrls 8
Ao Aoz ERSAeH, ZF JADE=E 200 A B2
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A3d A% 2 2@

=
el

LERELE

1

3

TollMEe HAule E9o uwel T HEAEAANLY AAFE

date] AW, AW, WY, $IY, A5, Ave 7142 A,
Adge B3aAY, 7189, iz FRSgen, Nsge WusAS 3
Magoz, Aue wWAms PAme 47 FRaAGY. f%Ys A

tols §eto R ARE #EE FHo] = AL WxHoE, FHo] §)
T AL AR EH58A0 59 #We sA4ARZAA FARE Lol 4A3
SAEA e WujPoAE 50%0149 WA wkdel e BN A WY
o] TYHEZE 3Pth  olH oy A AAd ZA WS Hof
gdn e} fAE FFE UYEAT gEx B AT o)8d dAre F
ANRE $H8E T8 257 107HAE £/ ed, ddd A=
ERAAI 2 A AdESS AR FAALE 71

B Ao Add dnje Yo mE FH, AEY F E 4 A
59 x4l HZ(Lightness, L), A =(Redness, a), FE(Yellowness,
b)¢t MEZ=HColor difference, 4E)9] < Table 5-17 Y. AA AEF
L#tel 7H & AL WA ZE Yegon, FTY, Yujsy 2 Zdn Y
Lge fAEA Yebgar, oele Lake] 7HE A vEigth agd oA
7t b wmokow, Avsda AAHIL B AL Aew YEEY. B,
S8, Wujsy, Wi 2 FAEE /A e BT b
< SAPo] /A Egon, HEFAEAA 7 3A ekt FEH, Y
ogd 2 #2807t FAE S e,

=

=

- 154 -



Table 5-1 Simple statistical values of brown rice

- &¢I -

No.of Lightness(L) Redness(a) Yellowness(b) Color diff.(4E)
Variety
samples max, min. mean max. min. mean maX. min. mean MmaX. min. mean
Normal ‘ 20 90.61 8829 90.01 099 009 041 1151 950 1012 12.95 987 1074
Damaged
pecked 20 89.66 8317 86.05 171 034 111 840 483 7.18 14.88 848 1221
abnormal 20 91.28 8740 89.53 131 005 082 968 683 794 1177 6.83 794
red 20 82.33 7849 8051 424 205 330 774 429 557 19.16 1526 1718
Crack 20 9157 872 9044 081 -011 022 11.16 863 973 12.01 8.66 1016
Immature
white 20 91.52 8942 9067 067 -054 034 1068 880  9.73 11.36 882 1003
greenish 20 9066 8786 8385 -064 -225 -158 959 758 877 11.90 921 10.73
Dead
white 20 92.31 8991 9113 057 004 031 1065 810 934 11.18 8.15 9.43
greenish 20 0101 8805 8952 -089 -237 -1 1019 776 885 11.84 8.45 1029

Waxy 20 0132 8961 9043 101 010 051 1091 809 953 1160 885 10.04




Table 5-114 9} o] AR, 524, Wrl4y € Wahyy A4S
£ ALY AHHos Folst glon, AL Ao ESv} 9@ A%
of Be 9L v Ao BE Aoz BudA. WU Ane g

A4 Ueds #ae A AdsAw Fusdd A ze A

Table 5-2 Results of Duncan test for various brown rice

Intensity Lightness Redness . color diff.
Yellowness(b) .
Varietv (L) {(a) (4E)
Normal 90.01°P 0.41%F 10.12% 10.74°
Damaged
pecked 86.05°F 1117 7.18° 12.21°
abnormal 89.53" 0.82° 7.94° 7.94F
red 80.51% 3.30* 557 17.18*
Crack 90.447° 0.22F 9.73%8 10.16°°
Immature
white 90.674° 0.34”% 9.73%" : 10.03%F
greenish 88.85° -1.58° 8.77° 10.73¢
Dead
white 91.13* 0.317F 9.34° 943"
greenish 89.52° -1.54° 8.85° 10.29%°
Waxy 90.43%° 051° 953" 10.04°F

Values with different superscript are different at @=0.05 level by

Duncan’s multiple range test
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Fig. 5-1 Spectra for various brown rice.
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Fig. 5-2 Spectra for Brown rice(green).
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Table 5-4 Simple statistical values of milled rice

No. of Lightness(L) Redness(a) Yellowness(b) Color diff.(4E)
Varteties
samples max. min. mean ~ Mmax. min. mean max. min, mean max. min. mean

Normal 20 9470 93.76 9432 -050 -0.66 -0.57 559 436 493 488 340 403
Waxy 20 94.95 09370 9446 -054 -082 -0.67 6.74 455 575 569 334 4.61
Chatky 20 9536  93.99 9456 -0.35 -0.69 -0.55 613 411 512 501 274 402
Damaged 20 09269 86.00 90.65 100 -0.09 034 1007 535 623 11.87 547 7.12
Colored

slightly 20 9294 9033  91.64 057 -0.79 -0.09 1091 831 981 11.06° 824 9.52

moderately 20 91.02 8654 88.44 2.08  0.28 1.26 1226 875 1007 13.03 1084 1191

very much 20 3064 8631  89.08 270 060 153 1359 940 11.85 1479 1122 1282

extremely 20 8853 8422  86.65 343 197 270 12.89 872 1062 1516 1188 13.82




Table 5-5 Results of Duncan test for various milled rice

Intensitv

Lightness Redness Yellowness Color Diff.

Variety ) (a) (b) (4E)
Normal ' 94.32% o05F 4.93° 4,08
Waxy 94.46* -0.67° 5.75° 461°
Chalky 94.56* -0.55" 5.12° 4.02F
Damaged 90.65° 0.34° 6.23" 7.12F
Colored

slightly 91.64® -0.09° 9.81° 952"

moderately 88.44° 1.26° 10.07°¢ 11.91°¢

very much 89.08" 153® 11.85° 12.82°

extremely 86.65" 2.70* 10.62* 13824

Values with different superscript are different at «=0.05 level by

Duncan’s multiple range test
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Absorbance(log(1/R))
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TFig. 5-3 Spectra for various milled rice.
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Fig. 5-4 Spectra for heat damaged milled rice.
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Table 5-6 Results of discriminant analysis for various white rice by

raw spectrum

Calibration Validation
Waveleng th
(nm) accuracy accuracy
n error n error
(%) (%)
400~1100 120 15 875 40 3 92.5
1100 ~2500 120 35 70.8 40 18 55.0
400~ 2500 120 9 ' 92.5 40 5 875
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Table 6~-1 Summary of multiple linear regression and validation results

using six wavelength calibration equations by reflectance

Calibration Validation
Pre- Math. No. of
processing Treatment Wavelength

A

R* SEC R® SEP Bias

none 6 0.984 0420 0977 0577 0.019
None Ist deriv. 6 0984 0416 0980 0535 0.069
2nd deriv. 6 0980 0465 0.967 0.701 0.092
none 6 0978 0488 0.967 0697 -0.039
Is)ljt::er(lgé 1st deriv. 6 0976 0510 0964 0.724 -0.078
2nd deriv. 6 0980 0473 0969 0.802 -0.073

[=]
e A9 2ol FUSEe 13 2 AT 4 YL Aoz Buy
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Fig. 6-2 Comparison of actual and predicted values for milling ratio by

visible/NIR Reflectance(Multi-Linear Regression).
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Table 6-2 Summary of partial least squares calibration and validation

results by reflectance

Calibration Validation
Preprocessing Math. Factor

R® SECV R SEP Bias.
None 8 0971 0556 0981 0529 -0.063
MSC none 4 0970 0.564 0976 0.365 -0.145
SNV & Det. 7 0964 0621 0973 0.620 -0.016
None 5 0972 0547 0976 0.604 -0.132
MSC Ist deriv. 5 0970 0572 0975 0596 -0.029
SNV & Det. 5 0966 0.603 0974 0606 -0.028
None 6 0971 0558 0974 0.607 -0.010
MSC 2nd deriv. 5 0964 0.625 0971 0.642 -0.014
SNV & Det. 13 0972 0553 0972 0.636 0.043
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Fig. 6-3 Comparison of actual and predicted values for milling ratio by

visible/NIR Reflectance(Partial Least Squares).
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Table 6-3 Summary of artificial neural network calibration and

validation results by reflectance

Preprocessing

Validation

Treatment

Z

R® SEP Bias

MSC

None

None

Calibration
R* SEC
0979 0454
0.997  0.143
0.9%0  0.307

0.968 0690 -0.1%4

0978 0566 0.031

0973 0626 0.051
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Table 6-4 The best result of calibration and prediction Milling Ratio

using each madel

Calibration
Math,

Validation

Method Preprocessing

Treatment ‘
R* SEC

R’ SEP Bias

MLR Ist deriv. ~None 0984 0416

PLS none MSC 0970  0.564

ANN Ist deriv. None 0997 0.143

0980 0535 -0.069

0976 0604 -0.145

0978 0566  0.031
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Table 7-1 Calibration and validation sample sets of each constituent

Constituents
Variety
Moisture® Protein®  Fatty Acid® Amylose®

Dongjin 1 1 1 1
Hwasung - - - 1
[lpum 1 1 - 1
Chucheong 1 1 - 1
Others - - - 25

Sum 3 3 1 29
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6500, Silver Spring, USA)E o} &3ty 2 A= 400~2500nme]
FFF oM 2nmB AR A2HEHS s on, ZHM EFEA7

o T7&& Hdst9 A& Z=a9e NSAS(NIRSystems, Silver Spring,

£

O Algd BdE 328 FAHscan)d] SAH S F JFH 2gEHL F3
E(log(I/RNE WEAANA HAFH Hd= 33
dAstA FAS] Hste] NRNE AFste] FHAABAR Y e
AEFEH ANEE o]&F Auadzd AdFEHL ARo|FHA
(Sample Transport Module)E, o}d29 2 3takd Asled e Ag3AR
#|(Spinning Sample Module)E Z&9d EFEA 7o 2 Fatd 2439
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714, ML105) : wet —basis moisture content of 105C method

M[135) : wet —basis moisture content of 135°C method

2|
sted FA8 AT AFHALENYE ARE A7 F 2AFE JF
FE AL BFE SHHW, BA 05100 mgdl AQ Ao Ame i
gdFe B4 + A3, 24¥YE 001~100%0°] o},

=2& ol&3d 7ES AAT F 9 Az AL F
Fe ST 2 A@AME 7719 BE Al F8d9 g2EAZA
BBOT(Fison Ins., Italy, 2,5~ Bis-(5-tert.-butyl-benzoxazol-2-y1)-thiophen;
CoxHxNy0:5)& o83ty om, v 43 A=A 3~4ug WYANH 6749
BBOTS o83l H¥A& dAsda. =3 4¥31459 Zle a8 4
=99 5% 7lEge WES A%y 95t 108] 24 T BBOTZ
A 7S ERSAY AEe vWa §%Fe AOAC. (American
Association of Official Analytical Chemistry)®] 7]Z&d]| uwiel 5 AAEM
7194 SA3HE Ax g A4 5958 Filho] aad
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s 27] FESF] 247 16%, 18%, 20%, 22%, 24% H
£ 10T, 207, 30C9 A&AFxe] AZd wdHe] A8E 1-2F 4L
2 AFHste FASHEG. 4283 A7) (HSFC-4, Hansung Co., Korea)

Z Ad3d ¥ 1.7mm £AE AHESA msdt A
mE AASEZ A AP dng AEsAY AYHE FAAYG T

geaEdye olgstd 2MEY F4o| BY AR APUEE
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@ 249 NEFINAH 10ge ATt AFAd g F gxdoz 7}
WA Fg

® @9 A& &&Y(soxhlet) FF A A &vl pet. etherE ©]-&35}
E < (siphoning) £%(38%F 13))9} pet. ether®] 2 =3 (boiling point)
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0.0178N KOH=Z A A3},

® A ¥ (Blank test)& BAP €% 50ml
0.0178N KOH= = R},

@ 9 FHAN 2ol AHE J (7-20 ddate] NFAER BT

i
j)l',
el
ol

4
AN
=
o,
)
&
N
x

FA = jia()é ;/(VIO X100 cccvvrrre (7-2)

714, F.A. : fat acidity(mg KOH/100g)
T : ml 0.0178N KOH required to titrate sample
B : ml 0.0178N KOH required to titrate 'blank
W : g water in 100g of sample

A& 2] HFTH Y 13 AEFHUT
zt AEY dF 2de dF37  EA¥(Multiple Linear

Regression; MLR), &3 4%} (Partial Least Square; PLS)E o] &34
ARt oE3H 2de Adg 9l NEWISI 4.0(NIRSystems,
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Silver Spring, USA)&, PLS 292 44 T2 7399 GRAMS/32 (Galactic
Industries, Salem, USA)E Ab&38tgth

7t 2l gF54%5 S 2R 22 (Standard Error of Calibration,
SEC), AF % 22 (Standard Error of Prediction, SEP), H3}(bias)E o] &
a3, 2o} 5L HAFERY QAKSEP)E AEH9 g

F(mean) 22 e Ed9 9 XY (SEP /mean)E o] &3}

_?L
£
o
2
ok
32
F:’A £

(Multiplicative Scatter Correction; MSC)¥ & A 573HStandard Normal
Variate and Detrending; SNV & Dtr.)& o] &3¢t}

G539 Zde WrZF 2 (stepwise method) S o] &3te] Aat
Row, duEd A £ 5(1994) 59 9F AFHE Fmste Ho 67
o HEE HNEFE F Y52 A AF zde wARe) ARAS
(RY7F 3, A% A7t vor], 2o spgon 74d 2dz 23
St

PLS Ed& w7 F(cross validation)& o] &3te] AAdaigon
#E 9 49 PRESS(Prediction Residual Error Sum of Squares)zte 32
3har AAFS AR 9 E vt dAsh. "W $7} Zr}a

¥ PRESS#HE #As FAHe) 71 UF Bon HAZA q2%5do] ©

AERZ, FHE 8848 F-135% £33 F-1 29 &80] 0757 90| H=
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E 29HAS. o] E&& 1162nm, 1170nm, 1272nm, 1338nm, 1390nm,
1398nm & 6708 THAE AL oen ZAASTE 099, wA

P A=
0217%2A B Zdd Wgte] ZHAT/E £3 IFR oA 3L Ao
2 e
Table 7-2 Summary of MLR(multiple linear regression) results for

Dongjin brown rice by moisture content

Mathematical . No. of N a
Treatment Preprocessing Wavelength T SEC
None 6 0.992 0.177

None MSC® 6 0.992 0.177
SNV and Dtr.* 6 0.990 0.208

None 5 0.991 0.191

1st derivative MSC® 6 0.992 0.181
SNV and Dtr.* 6 0.993 0.172

None 4 0.991 0.191

Znd derivative MSC® 5 0.993 0.175
SNV and Dtr. 5 0.993 0.174

Remark : 1. number of sample : 102
2. wavelength : 1100~ 1400nm
a. SEC : Standard error of Calibration
b. MSC : Multiplicative Scatter Correction
c. SNV and Dtr. : Standard Normal Variate and
*  Detrending
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Table 7-3 Summary of MLR(multiple linear regression) results for

Ilpum brown rice by moisture content

Math tical No. of :
athethatica Preprocessing o0 r? SEC?
Treatment Wavelength

None 6 0.992 0.224
None MSC” 6 0.994 0.197

SNV and Dtr.S 6 0.995 0.187

None 4 0.991 0.244
1st derivati .
Sh Cervalve - Msce 6 0994~ 0201
(gap=10nm)

SNVV and Dtr.° 6 0.994 0.197

None 6 0.993 0.224
2nd derivative '

. MSC® 5 0.993 0.220

(gap=20nm) ’

SNV and Dtr* 5 0.994 0.206

Remark : 1. number of sample : 103
2. wavelength : 1100~ 1400nm
a. SEC : Standard error of Calibration
b. MSC : Multiplicative Scatter Correction

¢. SNV and Dtr. : Standard Normal Variate and

Detrending
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Table 7-4 Summary of MLR(multiple linear regression) results for

Chucheong brown rice by moisture content

Mathematical . No. of 5 .
Preprocessing | T SEC
Treatment » Wavelength

None 6 0.990 0.259
None MSC® 3 0.990 0.259
SNV and Dtr.f 6 0.990 0.206
None 6 0.992 0.225

1st derivativ
MSC® 6 0.994 0.195

(gap=10nm)
SNV and Dtrf 6 0.994 0.202
None 6 0.994 0.201
2nd derivative NS ' 6 0,995 0175
/ 995 175

(gap=20nm)

SNV and Dtr.f 6 0.995 0182

Remark : 1. number of sample : 105
2. wavelength : 1100~ 1400nm
a. SEC : Standard error of Calibration
b. MSC : Multiplicative Scatter Correction

¢. SNV and Dir. : Standard Normal Variate and

Detrending
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Table 7-5 Selected wavelength for each model of predicted moisture

content
Mathematical .
Preprocessing Wavelength(nm)
Treatment
SNV and
None o an 1252/1272/1326/1364/1374/1396
r.

1st derivative SNV and

. 1166/1174/1262/1300/1364/1388
(gap=10nm) Dtr.

2nd derivative

None 1206/1280/1290/1306/1350
(gap=20nm)

- 213 -



Table 7-6 Validation results of MLR models for the moisture content of

single kernel brown rices

Varieties n R? SEP bias —n%a% (%)
angjin 52 Q.987 Q.l48 -0.060 0.91
Ilpum 52 0.992 0.137 -0.026 0.83
Chucheong 53 0.991 0.189 0.007 1.18

* Model conditions : 1st derivative(gap=4nm), Standard Normal Variate

and Detrending
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Fig. 7-1 Comparison of actual and predicted values for moisture content
of Dongjin by MLR model. using 6 wavelength (lst derivative,
GAP=10nm)
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Fig. 7-2 Comparison of actual and predicted values for moisture content

of Ilpum by MLR model using 6 wavelength (1st derivative,
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Table 7-7- Summary ‘of PLS calibration results by various varieties by

moisture content

No. of Mathematical

Van’et}" samples Treatment Factor r’ SECV=*
none 3 0.993 0.175

Dongjin 102 1st derivative 6 0.993 0.174
2nd derivative 6 0992 0182

none 8 0.993  0.230

Ilpum 103 Ist derivati‘}e 7 0.993 0.221
2nd derivative 7 0.993 0.218

none 10 099  0.177

Chucheong 105 1st derivative 12 0.996 0.160
2nd derivative 11 0995 017

Remark : 1. Wavelength : 1100~ 1500n0m

2. Preprocess : MSC(Multiplicative Scatter Correction)

3. 1lst derivative : gap size 10nm
4. 2nd derivative : gap size 20nm
* SECV ! Standard Error of Cross Validation
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Table 7-8 Summary of PLS calibration results for various varieties by

moisture content

Mathematical | N

Treatment Preprocess Factor r- SECV
none 12 0.990 0.247
none MSC® 12 0.992 0.215
SNV and Dtr.f 13 0.991 0.235
none 13 0.989 0.247
Ist derivative ) /oo 12 0.992 0222
(gap=10nm) ) '
SNV and Dtr.° 13 0.991 0.231
none 11 0.989 0.255
2nd derivati
ne Cevave  yisee 12 0.991 0.223
(gap=20nm)
SNV and Dtr.° 12 0.991 0.231

Remark : 1. Wavelength : 1100~ 1500nm
2. Number of sample : 310
a. SECV : Standard error of Cross Validation
b. MSC : Multiplicative Scatter Correction
¢. SNV and Dtr. : Standard Normal Variate and
Detrending
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Table 7-9 Validation results of PLS models for the moisture content of

brown rices

Varieties n R? SEP* bias ~ —SLL (95
mean
Dongiin 52 0.983 0.122 0.024 075
Tlpum 52 0.993 0.114 0.010 0.69
Chucheong 53 0.992 0.148 -0.011 093

* Model conditions @ 2nd derivative(gap=20nm), Multiplicative Scatter

Correction
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Fig. 7-6

Predicted Moisture Content (%, w.b.)
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Comparison of actual and predicted values for moisture content
of Chucheong by PLS model (Wavelength @ 1100~1500nm, 1st

derivative)
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Table 7-10 Summary of MLR(multiple linear regression) results for

protein content of Dongjin brown rice

Mathematical i No. of 5 a
Preprocessing T SEC
Treatment Wavelength
None 6 0.776 0.545
None MSC® 6 0.840 0.462
SNV and Dtr.* 6 0.781 0.539
None 6 0.807 0.507
1st derivative b _
MSC 6 0.847 0.451
(gap=4nm)
SNV and Dtr.* 6 0.849 0.449
None 6 0.877 0.404
Znd derivative 5
. MSC 6 0.877 0.405
(gap=10nm)
SNV and Dtr. 6 0.877 0.405

Remark : 1. number of sample : 101
2. wavelength @ 1100~2000nm
a. SEC : Standard error of Calibration
b. MSC : Multiplicative Scatter Correction

c. SNV and Dtr. : Standard Normal Variate and

Detrending
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Table 7-11, Summary of MLR(multiple linear regression) results for

Ilpum brown. rice by protein content

Mathematical No. of

Preprocessing r’ SEC*
Treatment Wavelength
None 6 0.771 0.592
None MSC” 6 0.798 0.557
SNV and Dtr.° 6 0.769 0.594
. None 4 0.766 0.599
Ist derivati
ShCEVAIYE  vser 6 0803 0549
(gap=4nm)
SNV and Dtr.f 4 0.714 0.662
None 5 0.797 0.558
Z2nd derivati
ne GEvative - yisee 6 0801 0552
(gap=10nm)
SNV and Dtr.* 5 0.801 0.552

Remark : 1. number of sample : 103
2. wavelength : 1100~2000nm
a. SEC : Standard error of Calibration
b. MSC : Multiplicative Scatter Correction

¢. SNV and Dtr. : Standard Normal Variate and

Detrending
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Table 7-12 Summary of MLR(multiple linear regression) results for

Chucheong brown rice by protein content

Mathematical p . No. of 9 SECR
reprocessin
Treatment processing Wavelength T
None 2 0.099 0.776
None MSC® 6 0.733 0.422
SNV and Dtr. 6 0.780 0.383
None 6 0.814 0.352
1st derivative b
MSC 6 0.836 0.331
(gap=4nm)
SNV and Dtr.* 6 0.836 0.331
None 6 0.789 0.375
2nd derivative b
MSC 6 0.806 0.360
(gap=10nm)
SNV and Dtr.f 6 0.807 0.359

Remark : 1. number of sample : 105
2. wavelength : 1100~2000nm
a. SEC : Standard error of Calibration
b. MSC : Multiplicative Scatter Correction

c. SNV and Dtr. : Standard Normal Variate and

Detrending
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Table 7-13 Summary of MLR calibration results for protein content of

brown rice by single kernel

Mathematical . No. of a
Preprocessing r? SEC
Treatment Wavelength
None 6 0.811 0.712
None MSCP 6 0.778 0.772
SNV and Dtr.° 6 0.848 0.638
None 6 0.810 0.715
st derivative b _ _
, MSC 6 0.845 0.645
(gap=4nm)
SNV and Dtr.* 6 0.873 0.583
None 6 0.890 0.543
- 2nd derivati
ne CEVEIVE - Msee 6 0907 0499
(gap=10nm)
SNV and Dtr* 6 0.907 0.499

Remark : 1. number of sample @ 309
2. wavelength : 1100~2000nm
a. SEC : Standard error of Calibration
b. MSC : Multiplicative Scatter Correction
c. SNV and Dtr. : Standard Normal Variate and
Detrending
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Nx AARAF7E 0803, AFH L&A7F 0570%, bias7t 0.163% .2 ERSTH
AA 2HEAL o g3t AFF AR BAAGFI 01E vehda, 1%
Mg 2MEAS olgstdl PFF FA= BAAFI 0642 vEEo

AZR QAR 07%°1 402 uenth wekd o F EUe B w

2 dF A5 AT F gl Aoz AEHA.

Table 7-14 Selected wavelength for each model of predicted protein

content

Mathematical .

Preprocessing Wavelength(nm)
Treatment

SNV and
None o an 1118/1186/1198/1398/1728/1870
1st derivati SNV and
St dertvative an 1126/1144/1170/1192/1672/1860
(gap=4nm) Dtr.

2nd derivati
nd derivative None 1138/1182/1193/1256/1350/1684
(gap=10nm)
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Table 7-15 Validation results of MLR models for protein content of

brown rices

Varieties n R? SEP? bias SEP (96)
mean
Dongjin 51 0.803 0.570 0.163 547
Ilpum 52 0.876 0.485 -0.021 461
Chucheong 51 0.777 0.471 -0.179 5.97

* Model conditions : 2nd derivative(gap=10nm), Multiplicative Scatter

Correction
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Fig. 7-7
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Comparison of actual and predicted values for moisture content
of Dongjin by MLR model (Wavelength: 1100~2000nm, 2nd

derivative)
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Fig. 7-8
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Predicted Protein Content (%)

9 r’ = 0.876
SEP = 0.485
Bias = - 0.021
n=>52
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Comparison of actual and predicted values for moisture content
of Ilpum by MLR model(Wavelength: 1100~2000nm, 2nd

derivative)
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Fig. 7-9
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Predicted Protein Content (%)

8 Y = 0.905X + 0.929
’ r* =0.777
SEP = 0.471
Bias = -0.179
n =51
6 . . .
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Actual Protein Content (%)

Comparison of actual and predicted values for moisture content
of Chucheong by MLR model (Wavelength: 1100~2000nm, 2nd

derivative)
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Table 7-16 Summary of PLS calibration results for Dongjin brown rice

by single kernel

Mathematical ) 9 2
Preprocessing Factors r SECV
Treatment
None 13 0.897 0.376
MSC” 11 0.882 0.402
None
SNV and Dtr.° 13 0.895 0.379
None 12 0.895 0.378
1st derivati
St OCHVARVE o Isee 11 0900 0370
(gap=4nm)
SNV and Dtr.” 12 0.906 0.359
None 8 0.884 0.394
2nd derivati
He CEVEIVE T Misee 9 0900  0.369
(gap=10nm)
SNV and Dtr? 10 0.891 0.38

Remark : 1. Number of sample : 101
2. wavelength : 1100~ 1500nm
~a. SECV ! Standard error of Cross Validation
b. MSC : Multiplicative Scatter Correction
¢. SNV and Dtr. : Standard Normal Variate and
Detrending
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Table 7-17 Summary of PLS calibration results for Ilpum brown rice

by single kernel

Mathematical ) a
Preprocessing Factors r? SECV
Treatment
None 13 0.875 0.435
; o
None MSC 11 0.901 0.384
SNV and Dtrf 12 0.881 0.424
None 11 0.881 0.423
1st derivati
St aelvatlve  wisce 10 0896  0.3%
(gap=4nm)
SNV and Dtr.° 11 0.882 0.422
None 9 0.879 0.427
2nd derivative
, MSC® 9 0.893 0.401
(gap=10nm)
SNV and Dtr.” 9 0.884 0.417

Remark : 1. Number of sample : 103
2. wavelength : 1100~1500nm

a. SECV : Standard error of Cross Validation

b. MSC : Multiplicative Scatter Correction

c. SNV and Dtr. : Standard Normal Variate and

Detrending
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Table 7-18 Summary of PLS calibration results for Chucheong brown

rice by single kernel

Mathematical . 5 2
Preprocessing Factors r SECV
Treatment
None 11 0.792 0.374
b =
None MSC 9 0.779 0.386
SNV and Dtr.° 11 0.798 0.368
None 10 0.795 0.372
Ist derivati
st dertvative  \rgce 9 0790 0376
(gap=4nm)
SNV and Dtr.° 10 0.805 0.362
None 9 0.795 0.371
2nd derivati
ne dervalive  arsee 9 0800  0.366
(gap=10nm)
SNV and Dtr.° 9 0.810 0.357

Remark @ 1. Number of sample : 105
2. wavelength : 1100~1500nm

a. SECV ! Standard error of Cross Validation

b. MSC : Multiplicative Scatter Correction

c. SNV and Dtr. : Standard Normal Variate and

Detrending
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Table 7-19 Summary of PLS calibration results for brown rice by

single kernel

Mathematical . a
Preprocessing Factors r? SECV
Treatment
None 15 0.939 0.405
; o]
None MSC 13 0.937 0.411
SNV and Dtr.f 15 0.938 0.407
None 13 0.934 0.419
1st derivati
st derlvative  1se 12 0934 0421
(gap=4nm)
SNV and Dtr.® 13 0.938 0.409
None 10 0.926 0.447
2nd derivati '
ne dEvative  yrsee 10 0926 0444
(gap=10nm)
SNV and Dtr.° 12 0.934 0.419

Remark : 1. Number of sample : 309
2. wavelength : 1100~1500nm
a. SECV ! Standard error of Cross Validation

b. MSC : Multiplicative Scatter Correction

c. SNV and Dtr. - Standard Normal Variate and

Detrending
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‘Table 7-20 Validation results of PLS models for protein content of

single kernel brown rices

Varieties n R? SEP* bias ;Sl—ga% (%)
Dongjin 51 0.857 0.463 0.014 442
Ilpum 52 0.887 0479 -0.151 455
Chucheong 51 0.837 0412 -0.184 522

+* Model conditions : 1st derivative(gap=4nm), Standard Normal Variate

and Detrending
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Fig. 7-10 Comparison of actual and predicted values for moisture
content of Dongjin by PLS model (Wavelength: 1100~ 1500nm,

1st derivative)
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Fig. 7-11 Comparison of actual and predicted values for moisture
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Fig. 7-12 Comparison of actual and predicted values for moisture
content of Chucheong by PLS model (Wavelength:
1100~1500nm, 1lst derivative)
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Table 7-21 Calibration and validation results of MLR models for the amylose contents

Calibration Validation
Mathematical Preprocessing No. of
Treatment Wavelength .
eaum L R? SBC® n R? SEP"  bias  SEE ()
mean
None 2 22 0.890 1.423
Raw MSC* 1» 22 0921 1.207
SNV & Dir.” 3 22 0977 0.648 9 0.889 1577 -0.249 8.850
None 6 220999 0.128 9 0872 1.614 0.214 9.057
Ist derivati
st denvalive 3 1se 5 22 0991 03%
(gap=10nm)
SNV & Dtr. 5 22 0980 0.600
None 2 22 0932 1114
2nd derivati
nd denvaive e 5 22 099 0421 9 0881 1553 -0238 8715
(grap=10nm)
SNV & Dtr. 2 22 0952 0935

Remark : a. SEC : Standard error of Calibration b. SEP : Standard Error of Prediction
c. MSC Multiplicativ_e Scatter Correction

d. SNV & Dtr. : Standard Normal Variate and Detrending
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Table 7-22 Calibration and validation results of PLS models for the amylose contents

Calibration Validation
Mathematical . No. of
) Preprocessing )
Treatment Factors ) pra . . SEP
n R? SECV® n R? SEP bias = ==—(%)
mean
None 5 22 0888 1.369
Raw MSC* 4 22 0939 1.004
SNV & Dtr.” 4 220933 1.061 9 088 1709 -0.605 9.590
None 5 220930 1.085 9 0886 1546 0.635 8.676
1st derivative .
MSC 5} 22 0839 1639
(gap=20nm)
SNV & Dtr. 4 22 089% 1325
None 6 22 088 1138 9 0922 1423 -0.632 7.985
Z2nd derivative '
MSC 5 22 0867 1491
(gap=20nm)
SNV & Dtr. 3 22 0875 1.449

Remark : a. SECV : Standard error of Cross Validation

c. MSC © Multiplicative Scatter Correction

d. SNV & Dtr. : Standard Normal Variate and Detrending

b. SEP : Standard Error of Prediction
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Table 7-23 Calibration and validation results of MLR models for the fat acidity

’ Salibrati Validati
Mathematical Preprocessing No. of Calibration wdation
Treatment TR Wavelength R? SEC 1 R? SEP° bias SEP (%)
mean
None 5 115 0626 5156 52
Raw MSC* 5 115 0669 4923 52 0678 4355 -0.320 27.7
SNV & Dtr.® 3 115 O_.437 6.322 52
None 4 115 0667 4861 52 0674 437 -0179 27.8
1st derivative .
MSC 4 115 0668 4857 52
(gap=10nm)
SNV & Dir. 3 115 0629 5131 52
None 6 115 0.697 4.637 52
2nd derivati
ne VAV Mse 6 115 0713 4515 52 0730 4080 -0207 257
(gap=10nm)
SNV & Dir. 5 115 0.680 4770 52

Remark : a. SEC : Standard error of Calibration
¢. MSC : Multiplicative Scatter Correction

d. SNV & Dtr. : Standard Normal Variate

b. SEP : Standard Error of Prediction

and Detrending
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Table 7-24 Calibration and validaiion results of PLS models for the fat acidity

) . Calibration Validation
Mathematical Preprocessing No. of
Treatment " Factors R? SECV® n R? SEP®  bias SEP (%)
mean
None 10 115 0577 5.349
Raw MSC* 8 115 0548 5532
SNV & Dtr.” 9 115 0527 5662
None 7 115 05568 5465
Ist derivative »
MsC 7 115 0596 5.216
(gap=10nm)
SNV & Dtr. 8 115 0570 5.406
None 7 115 0581 5279
2nd derivative o
MSC 7 115 0661 4775 -52 0583 5274 0916 335
(gap=20nm)
SNV & Dtr. 7 115 0575 5352

Remark : a. SECV ¢

¢. MSC : Multiplicative Scatter Correction

d. SNV & Dtr. : Standard Normal Variate and Detrending

Standard error of Cross Validation

b. SEP : Standard Error of Prediction
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Fig. 7-14 Comparison of measured and predicted values of fat acidity
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<Automatic Feeding System>

Fig. 4-21 Schematic illustation of the quality meésurement

system.
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T3, 288 ZEY AAFE J8 2ad £ AASEE 48 A2
Hgste] FEHEZ Aoyt &olsin EEH 7F, AX, ¥HHo] Hr
Table 8-12 Alx"d] 2~#H3¥ FH(TS3134 N13, Tamagawa Seiki, Japan)
o AtEE e '

i
=
(R
Ru)
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A ZRaWY #HEE Fig 8-4% 2tk ALY FF Seolu: wlo]
2z AFHAN BUFE WAUEE B, 2o, 393, &
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g3z 2d% RE AXMd AFE FFIE 48 AoIzg THHo
k. 7 24" A2 F2 AFEy] 99 digital counter, FE L A}
275 9% PLC, BolW F& F-A39 AbEx9 AP mEstdth
2 A7 Add Hge §4 SR = Fig 8-59 2o

Table 8-1 Specifications of stepping motor

Item Specification
Step Angle 1.8 Deg/Step
Rated Voltage DC 29 V
Rated Ampere 31 A
Winding Resistance 0.9% 2
Inductance 3.8 mH
Holding Torque 10.8 kg-cm
Weight 1.48 kgr
Size 63 mm
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Ceramic

Fig. 8-2 Schematic diagram of sample holder for single kernel.
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Fig. 8-4 Flow chart to control stepping motor
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Fig. 85 Quality measurement system using single-kernel rice
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A3d d¥ F2 SAN=EY AT

F2 ALY AFE 2 g o &HUY 19954 4
& &Y. AFE A7 dF 2 o2 g% EEE Table 8-2
s 2. ABY FEFEFS A2 FFS T 12~-20% HAVF H=E
£ zA8At. FESF A ED ANRE FEY #AAVE ol &34
Atk Ads] 44 o] &5t dE 2F v sREFER
NBE EHEReH, AHed Alge] 9id #§FL 645—-10.75% HAE U
BUiglen F2 8l £xH AT =d Jigd AME"E Ag9
TTEE TET 1141~-2160%0 0.7, A= AT AHEE AR
gF BES} FAMR AFe deEudd. a2y oA g%e 2d A
AolE 6.17~1475%9 B4 dFsHA ExHAoU, A2" AFTA AL
d AR dd ¥ EXE UL E AFH YEN

o
¥
M
o

Table 8-2 Moisture and protein constituents of rice tested

No. of
o0 Max. Min. Mean Std. dev.
samples
Moisture 28 19.61 11.59 16.13 2.58
Protein 28 10.75 6.45 3.12 0.93
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Appendix 2-1 d¥o] 299 do £2 553 #H E5 7l U4d

HE Z9d(d, ¥) SHHE Z42l
1 86.03 63-11841 ApehA
2 86.06 62-299743 A7
3 86.07 63-33644 ApebA
4 86.08 63-58161 A
5 86.09 63-241338 A
6 86.09 63-75643 AbehA
7 86.09 63-67547 AbchA
8 87.01 63-188743 A7
9 87.01 63-175747 ArchA
10 87.03 63-217254 AP A
11 87.03 63-221234 ApehA
12 87.03 63-235849 AFEHA
13 87.03 63-30414 A
14 86.12 63-167244 A
15 87.06 1-13456 AbebA
16 87.07 1-54253 =gl
17 87.08 2-290537 At A
18 89.04 2-290537 Y=
19 89.05 2-291947 EQ
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Appendix 2-2. 42 &2d &9 T2 553 &€ E3 vle WY
HE S9d(d, ¥) SHHE =494
20 89.10 3-140845 AreHA
21 89.11 3-160345 AHT}HA)
22 89.12 3-223672 EQ
23 90.02 3-231149 EQ
24 90.02 3-233357 EQ
25 90.02 3-242537 EQ
26 90.03 3-259732 AbeHA
27 90.03 3-255338 AeHA
28 90.11 4-181160 NEX-X/
29 90.11 4-204252 o) A 7]
30 91.06 7-260681 o] 4] 7]
31 91.07 5-26867 E}o] A
32 91.09 5-72198 o] A 7]
33 92.05 5-332928 U )
34 92.09 6-109719 o] A 7]
35 93.03 6-273325 o] Al 7]
36 93.04 6-309023 o] A 7]
37 93.06 7-5138 o] A7
38 93.11 7-140064 SR
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Appendix 2-3. Y& 49 49 §4 F53 @A 53 7le U
HE E9d(d, €) SHHE =44
39 93.11 7-140066 A 2 o)
40 94.02 7-270312 A
41 94.07 8-29412 T
42 94.05 7-318488 o] 4 7]
43 94.06 8-15136 o] A 7]
44 94.07 8-29335 TRk
45 94.07 8-29336 TFHT}
46 94.07 8-29412 FrEt}
47 82.07 - 59-17957 NEX-$1
48 83.02 59-143941 AbeHA
49 89.06 3-21865 Fr}
50 83.08 2-49146 AbehA
51 81.03 90-33095 AE
52 80.08 89-7334 =g
53 81.03 89-7335 AeHA
54 87.12 1-161136 NEX-3/:
55 87.12 1-167661 NEX-$1
56 81.04 89-36057 A

: 57 81.12 89-36574 AT
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- Appendix 2-4. 4Ed] 99 %o A 533 #H 53 7e Jd
HE 29404, €) FTHHE 44
58 84.12 61-139754 SR
59 85.04 61-231441 o} A7)
60 85.05 59-214742 Apeh A
61 84.04 60-209140 Alelee]
62 94.05 7-323237 o) A 7]
63 92.08 6-167454 AP A
64 92.12 6-201580 ATHA
65 84.09 94-71557 o] A 7]
66 90.03 3-277948 o) Al 7
67 90.03 3-278846 o] Al 7]
68 91.01 4-244245 ApeHA
69 91.02 4-260450 o) Al 7]
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Appendix 3-1 Calibration® 224 AL2E 1= AAMTFZAY wWE win)

1 8AE

Wz o, & @4 HE | o, &23n o4 Ho | o, 2 e
- ’ Fog | ’ A% | ’ 4%
1 0,0 |100]2 | 08,02 | 99 | 51 | 18 02 | 98
2 0,0 |100]27 | 0802 |99 | 52| 18 02 | 98
3 0,0 |100] 281 08,02 |9 |53 18 02 | o8
4 0,0 [100]29 | 08,02 | 99 |54 | 1802 | 98
5 0,0 |100]30 | 0802 | 99 | 55 | 1.8 02 | 98
6 0,0 |100]31 ] 0901 | 99 |56 | 18 02 | 98
7 0,0 |100]32] 0901 | 99 |57 | 1.8 02 | 98
8 0,0 110033 ] 0901 | 99 |58 | 18 02 | 98
9 0,0 |100/ 34| 0901 | 99 |59 | 18 02 | 98
10 0,0 (10035 | 0901 | 9 |60 | 1802 | 98
11 1,0 9 36| 0901 | 9 |61 | 19 01 | 98
12 1,0 9 | 37| 0901 |9 [62] 19 01 | 98
13 1o 99 [ 38 ] 0901 |99 |63] 1901 | 98
14 1,0 9 [39 ] 0901 | 99 |64 | 19,01 | 98
15 L, 0 9 [ 40 ] 0901 |9 |65 19 01 | 98
16 1,0 99 | 41 2,0 98 | 66 | 19,01 | 98
17 1,0 99 | 42 2,0 98 | 67 | 19,01 | 98
18 1,0 99 | 43 2,0 98 | 68 | 1.9, 01 | 98
19 1, 0 99 | 44 2,0 98 | 69 | 1.9, 01 | 93
20 1,0 9 | 45 2,0 98 | 70 | 19,01 | 98
21 | 08,02 | 9 | 46 2,0 98 | 71 30 97
22 | 08,02 | 9 | 47 2,0 98 | 72 3, 0 97
23 | 08,02 | 9 | 48 2,0 98 | 73 3,0 97
24 | 08 02 | 9 | 49 2,0 98 | 74 3,0 97
25 | 08,02 | 9 | 50 2,0 98 | 75 3,0 97
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Appendix:3-2 Calibration*| 224} A& 3 wl= AAAY & 20

1 384 E

s o, 23 o W o), Ao o4 W3 | o, 240 &4
- T U | ’ "ol ’ 4%
76 3,0 97 |10l | 4,0 9 | 126 39, 01 | 9%
77 3,0 97 1102] 4,0 9% [127] 39,01 | 9%
78 3, 0 97 1103| 4,0 9% [1281 39,01 | 9%
79 3,0 97 |104] 4,0 9% | 129 | 39,01 | 9%
80 3,0 97 |106| 4,0 9% [130] 39,01 | 9%
81 | 28,02 | 97 |106| 4.0 9%
82 | 28,02 | 97 |107| 4,0 9%
83 | 28,02 | 97 | 108] 4,0 9%
84 | 28,02 | 97 |119] 4,0 9%
8 | 28 02 | 97 | 110| 4,0 9%
86 2.8, 0.2 97 | 111 3.8, 0.2 96
87 | 28,02 | 97 [112] 38 02 | %
88 | 28,02 | 97 | 113 38,02 | 9%
89 | 28,02 | 97 [114] 38 02 | %
90 | 28,02 | 97 | 115 | 38 02 | 9%
91 29 01 97 1116 | 3.8, 0.2 96
92 29, 0.1 97 | 117 | 3.8, 0.2 96
93 | 29,01 | 97 | 118 | 38,02 | %
94 | 29,01 | 97 | 119 | 38 02 | %
9% | 29,01 | 97 |120] 38,02 | %
9 | 29,01 | 97 |121| 39,01 | 9%
97 | 29,01 | 97 | 122 39 01 | 9
98 | 29,01 | 97 | 123] 39,01 | 9%
99 | 29,01 | 97 | 124 | 39,01 | 9%
100 29,01 | 97 [125] 39,01 | 9%
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Appendix 3-3  Calibrationr] 8 24 Ab&E vl AAF A g 9y

2 TEAE

WE o, A4 a4 WE | o, 240 a4 WE |t A0 a4
= ’ A% | ’ A% | ’ 4%
131] 50 9% 1156 | 48,02 | 9 |181 | 57,03 | 94
132] 50 % | 157 | 48,02 | 95 |182 ] 57,03 | 9
133] 50 % | 158 | 48,02 | 9 183 | 57,03 | 94
134 50 % |159 | 48,02 | 95 [184] 57,03 | 94
135| 50 % | 160 | 48,02 | 9 |18 | 57,03 | 94
136| 5,0 % | 161 6, 0 94 186 | 57,03 | 94
137] 50 % | 162 6, 0 94 | 187] 57,03 | 94
1383] 50 % | 163 6, 0 o4 |188| 57,03 | 94
139 50 % | 164 6, 0 94 [189] 57,03 | 94
140 | 5,0 % | 165 6, 0 94 [190! 57,03 | 94
141 | 46,04 | %5 |166] 6,0 94 | 191 ] 58 02 | 94
1421 46, 04 | 9% | 167 6, 0 94 [192] 58 02 | 94
143 ] 46,04 | 95 |168] 6,0 94 1193] 58 02 | 94
144 | 46,04 | 9 | 169 6, 0 94 1194 | 58 02 | 94
145 | 46,04 | 9 | 170 6, 0 94 195 ] 58 02 | 94
146 | 46,04 | 9% | 171 56,04 | 94 | 196 | 58 02 | 94
147 | 46,04 | 9% | 172] 56,04 | 94 | 197 | 58 02 | 94
148 | 46 04 | 9% |173]| 56,04 | 94 [198]| 58 02 | 94
149 | 46,04 | 9 |174| 56,04 | 94 |199| 58 02 | 94
150 | 46,04 | 95 1175 56,04 | 94 | 200 58,02 | 94
151 | 48 02 | 9 |176| 56,04 | 94 [201 | 59 01 | 94
152 48 02 | 9 | 177 56,04 | 94 |202] 59,01 | 94
153 | 48 02 | 9 | 178| 56,04 | 94 |203| 59,01 | 94
154 | 48,02 | 9% |179] 56,04 | 94 [204| 59,01 | 94
155 | 48,02 | 9 | 180| 56,04 | 94 |205] 59 0. 94
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Appendix 3-4 CalibrationA 224 AFEE o ZAMFAd WE 9n]

2 BEAE

HE | o, &n| HZdl, & HE | o, &40

206 | 59 0.1 94 1231 67,03 | 93 | 256 | 6.9 0.1 93
207 | 59, 01 94 1232 | 67,03 | 93 | 257 | 6.9, 0.1 93
208 | 55 01 94 1233 67,03 | 93 1258 | 6.9, 01 93
209 | 59 01 94 1234 67,03 | 93 | 259 | 6.9, 0.1 93
210 | 59, 0.1 94 1236 67,03 | 93 260 | 6.9, 0.1 93
211 7,0 93 1236 | 67,03 | 93

212 7,0 93 1237 67,03 | 93
213 7,0 93 1238} 67,03 | 93
214 7,0 93 1239 | 67,03 | 93
215 7,0 93 1240 67,03 | 93
216 7,0 93 1241 | 6802 | 93
217 7,0 93 1242 | 6802 | 93
218 7,0 93 | 243 | 6802 | 93
219 7,0 93 |24 6802 | 93
220 7,0 93 1245 6802 | 93
221 66,04 | 93 246 | 6802 | 93
222 | 66,04 | 93 | 247 | 6802 | 93

223 66,04 | 93 1248 | 6802 | 93
224 | 66,04 | 93 249 6802 | 93
225| 66,04 | 93 |250| 6802 | 93
226 | 66,04 | 93 | 251 | 69,01 | 93
227| 66,04 | 93 252 69, 01 | 93
228 66,04 | 93 | 253 | 69,01 | 93
229 | 66,04 | 93 264 | 69, 01 | 93
230 | 66,04 | 93 |255] 69 01 | 93
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Appendix 3-5 Calibration?| 2 24 Al&d mla AALFAd wWE wn|
3

TEANE

IO ) O D =1 R I =
e e LI A L el L R LR

261 | 73,07 | 92 |28 | 93, 07 90 | 311 | 123, 0.7 | 87
262 | 73,07 | 92 | 287 | 93, 07 90 312 | 123, 0.7 | 87
263 | 73,07 | 92 1288 9.3, 0.7 90 | 3813 | 123, 0.7 | 87
264 | 73,07 | 92 | 289 93, 0.7 90 | 314 | 123, 07 | 87
265 73,07 | 92 1290 ] 93, 0.7 90 | 315 | 123, 07 | 87
266 1 73,07 | 92 | 291 ] 103,07 | 8 |316| 123,07 | 87
267 | 73,07 | 92 | 292 | 103, 0.7 | 8 1317 | 123,07 | &7
268 1 73,07 | 92 1293| 103, 07 | 89 | 318 | 123,07 | 87
269 | 73,07 | 92 1294 103,07 | 89 319 | 123,07 | 87
270 | 73,07 | 92 |29 | 103, 0.7 | 8 320 123,07 | &7
271 83,07 | 91 [ 296 | 103 0.7 | 8 |32l | 133,07 | 8
272 | 83,07 | 91 | 297 | 103,07 | 8 3221 133,07 | 8
2731 83,07 | 91 | 298| 103, 0.7 | 8 | 323 | 133,07 | 8
274 | 83,07 | 91 1299 | 103,07 | 8 |324| 133,07 | 8
27 | 83,07 | 91 300 103, 0.7 | 89 325 | 133,07 | 8
276 | 83,07 | 91 [301] 113 07 | 8 |326 | 133 0.7 | 8
277 8,07 | 91 |302] 113, 07 | 88 |327| 133,07 | 86
278 | 83,07 | 91 [303| 113,07 | 8 |328 | 133,07 | 8
279 | 83,07 | 91 [304| 113 0.7 | 8 |329| 133,07 | 8
280 | 83,07 | 91 [305| 113, 0.7 | 8 330 | 133,07 | 8
2811 93,07 | 9 |306| 113, 07 | 88 1331 | 143,07 | &
2821 93,07 | 9 307 113,07 | 88 332 | 143 07 | 8
2831 93,07 | 9 | 308 | 113,07 | 88 1333 | 143,07 | 8
)
90

284 | 93,07 309 | 113,07 | 88 | 334 | 143 07 | &
285 ] 93, 0. 310 | 113, 0.7 | 88 | 335 | 143,07 | &
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Appendix 3-6 CalibrationAl 224 AF&E nZ AAMFZAY wE win|
3

s B

tru °b°

e | m ad0 | S0 g e T s g s | EE
435 | o), &4u , Adm A3 | ), A4m
2106 210 210

336 | 143,07 | 8 |[361 | 94,06 | 90 |38 | 84, 06 | 91
337 | 143,07 | 8 |362| 94,06 | 90 | 387 | 84, 06 91
338 | 143,07 | 8 |363| 94,06 | 90 | 383 | 84, 06 | 91
3391 143,07 | 8 364 ] 94,06 | 90 389 | 84,06 | 91
340 | 143,07 | 8 ;365 | 94,06 | 90 | 390 | 84, 06 91
341 | 104,06 | 89 | 366 | 94,06 | 9
342 | 104,06 | 89 1367 | 94,06 | 90
343 | 104,06 | 8 | 368 94,06 | 90
344 | 104,06 | 89 369 | 94,06 | 90
345 | 104,06 | 89 [ 370 | 94,06 | 90
346 | 104, 06 | 89 | 371 | 124, 06 | 87
347 | 104,06 | 8 | 372 | 124, 06 | 87
348 | 104,06 | 89 | 373 | 124, 06 | 87
349 | 104,06 | 89 | 374 | 124, 06 | 87
350 | 104, 06 | 89 | 375 | 124, 06 | 87
351 | 114,06 | 8 376 | 124, 06 | 87
352 114,06 | 88 | 377 | 124, 06 | 87
353 | 114,06 | 88 | 378 | 124, 06 | 87
354 | 114,06 | 8 | 379 | 124, 06 | 87
305 | 114, 06 | 88 | 380 | 124, 06 | 87
356 | 114, 06 | 88 | 381 | 84, 0.6 91 .
357 114,06 | 8 |38 | 84,06 | 91
358 | 114,06 | 88 | 383 | 84,06 | 91
359 | 114,06 | 8 384 | 84,06 | 9
360 114,06 | 8 |38 | 84,06 | 9
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