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SUMMARY

I. TITLE

Development of Optimal Drying and Automatic Quality

Evaluation Systems for Korean Ginseng

I1I. OBJECTIVES AND NECESSITY OF THE STUDY

1. Objectives

The First Subsection: Development of Optimal Ginseng Drying

System

To design and fabricate a prototype ginseng drying system
considering ginseng quality and drying energy.

To analyze the drying performance of the prototype drying
systen

To build the basic data for designing an optimal infrared
and hot air drying system of ginseng

The Second Subsection: Development of Automatic Ginseng

Quality Evaluation System

To set up a real-time automatic ginseng quality
evaluation system based on acquired image information
2. Necessity
Korean ginseng known worldwide is a typical Korean product,
And its value added is so high that recent ginseng production of

China, United States of America, Canada, and Japan is

-12 -
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dramatically increasing and many researches about processing
technology to increase the ginseng quality are undertaken,
Provide for this, we have to develop the new processing
technology for producing higher quality ginseng products than
those of foreign countries. So we can keep our pride as a ginseng
suzerain state,

Ginseng drying was mainly done by a sun-dried method.
Recently, however, a artificial hot air drying method is
preferred due to the shortage of labor force. However,
theoretical studies about ginseng drying and application studies
based on those were hardly done. As a result of this, ginseng
drying process is being done inefficiently up to now.

Current ginseng quality evaluation is done by an eye
inspection of a ginseng inspector by comparing a sample to a
standard, However, the eye inspection has several disadvantages
such that eyes can be easily fatigued due to repeated works, eyes
can not differentiate small color difference, there are too much
differences about inspection standard to person by person, Thus
the cost of Korean ginseng products is so high and the
credibility of Korean ginseng quality is not so high,

Korea which has small ginseng cultivating areas must maintain
a policy of securing a competitive power by producing the high
quality ginseng products and reducing the cost of production. To

produce high quality ginseng products, studies about the

- 13 -
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development of core processing techniques about drying, grading,
and quality evaluation and the development of techniques reducing
the cost of production through decreasing energy consumption for

production and processing ginsengs,

I11. SCOPE OF THE STUDY

1. The First Subsection: Development of Optimal Ginseng
Drying System

The First Year

© Reanalysis of existing hot air drying data of ginseng

© Development of hot air drying equation with high temperature
hot air drying experiment

© Development and verification of hot air drying simulation
model

The Second Year

© Study on the infrared ray drying characteristics of ginseng

© Developument and verification of infrared ray drying simulation
model

The Third Year

© Development of prototype infrared ray drying systen,
determination of operating conditions

© Evaluation of the energy efficiency of the prototype drying
system

© Increasing simulation performance

- 14 -
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2.

The Second Subsection: Development of Automatic Ginseng

Quality Evaluation System

The First Year

© Quantification of quality evaluation standards

Selection of suitable quality evaluation features

Measurement and analysis of external shape features
Measurement and analysis of optical properties

Quantification of quality evaluation standards considering all

available features

The Second Year

© Development of image processing techniques for extraction of

quantified quality evaluation‘features

Setting-up of suitable image processing system considering
optical properties of ginseng and preprocessing of acquired
images

Development of image processing techniques for extraction of
selected features

Development of image processing techniques for quantification

of ginseng coloration

The Third Year

© Development of real-time ginseng quality evaluation system

AX 2 S XS BIoLALE OH-/

Evaluation of quality evaluation algorithm

Development of quality evaluation algorithm for continuously

_15-
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fed ginsengs
. Development of real-time ginseng quality evaluation system
. Evaluation of efficiency of a developed real-time ginseng

quality evaluation system

IV. RESULTS OF THE STUDY AND OPINION OF

UTILIZING THE RESULTS

1. Results of the study
The results of this study were summarized as follows:

The First Subsection: Development of Optimal Ginseng Drying

System

In this study, a continuous flow dryer using infrared ray
and hot air was developed as a prototype ginseng drying system
for effective drying. The optimal drying conditions and drying
characteristics of the prototype system was investigated
with experiments, A simulation models to predict the drying
system performance was developed with FORTRAN.

The results were summarized as follows:

© The water diffusion coefficient of ginseng was a function
of temperature only,

© The drying equation was developed as an empirical model in
the range of 30°C and 80°C. The drying equation was as

follows,

_16_
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MR = C;, + Cz Lnt
where MR: moisture content, decimali: t: drying time, hr

G 0.8099 - 0.0003988 T + 0.003215 RH

Cz -0.1564 - 0.001082 T - 0,0006451 RH

vhere T: drying air temperature,’C; RH: relative humidity, %

© The prototype drying system had high energy efficiency and
operated very well,

© The performance evaluation index by a infrared ray drying
was 1/3 of that by a hot air drying when ginsengs were dried
up to same moisture ratio in the prototype drying system,

© As ginsengs were dried for 12 hours in the prototype drying
system, relation between final moisture ratio and ginseng
temperature was analyzed as a following linear equation and
its R® was 0,92:
y = -0.0072 x + 0,6054
where x: temperature of ginseng, °C: y:final moisture
ratioidecimal

© When ginsengs werw dried by two drying modes, 3 hour drying
and 3 hour tempering, and 6 hour drying and 6 hour tempering
in the prototype drying system , drying rate was little
different between two modes. Also difference of drying rate
was little between continuous drying and tempering drying
mode, There was little tempering effect because ginseng is a

porous material,

- 17 -
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© The result of analyzing color of dried ginseng using a
colorimeter showed that the coloration of dried ginseng was
close to yellow at 150 °C of infrared ray plate temperature,
There was color difference between ginseng dried at 150C of
IR plate and commercial first grade ginseng. However there
was no clear color difference when ginseng was dried at 100
°C or lower temperature of IR plate,

© The shrinkage ratio of cross section area of ginseng was
from 35% to 60% and it was inversely proportional to final
moisture ratio. The linear relation between them was
analyzed as following equation and it's R? was 0,91,

y = -71,932 x + 63.61
where x: final moisture ratio, decimal: y: shrinkage ratio
of cross section area, %

©® In the range of experimental drying condition, it was
analyzed that there was no relationship between drying
condition and chemical component of ginseng.

© As drying time increased, drying energy of each drying time
period was similar but energy efficiency was exponentially
decreased like moisture ratio did, However, accumulated
drying energy incresed while accumulated energy efficiency
decreased linearly,

© With the increasement of drying time the drying air

temperature in the prototype drying system was nearly

- 18 -
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constant, However, ginseng temperature was drastically
increased during the first 2 hours and then gradually
increased to the end of drying.

© There was little difference on drying rate with increasing
the amount of ginseng to be dried, However the energy
efficiency incresed proportionally to the increasement of
ginseng amount to be dried,

© The optimal drying conditions of the developed protype
drying system were analyzed as follows. The IR plate
temperature was 100 °C with ambient air temperature. Drying
air speed was 0.2 m/s and a continuous drying mode was
preferred. At optimal drying conditions, the required time
for ginsengs to be dried to the safe storage moisture
content of 13% w.b. was 24 hours and the energy efficiency
of the prototype drying system was about 65%.

©® A diffusion type model for hot air drying of Korean ginseng
was developed., The model was comparable to the empirical
drying equations in terms of predictability,

© The diffusion type model provided a satisfactory prediction
of moisture change during drying. Model predictability,
however, likely to improve if the effective moisture
diffusivity would be further refined,

© Drying time, drying rate, and energy consumption was

calculated from the simulation results on a continuous hot

- 19 -
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air and three cyclic drying of ginseng, where a period
consisting of 30 min drying phase and subsequent tempering
phase of 30, 60, and 90 min, respectively, is repeated
throughout the entire process. Total drying time increased
as the time ratio of tempering to drying phase increased,
but not necessarily proportionally, Energy consumption
decreased as the time ratio of tempering to drying phase
increased,

A simulation model for infrared ray drying of Korean
ginseng was developed. The model prediction of moisture

change was fair,

© Continuous infrared ray drying process of ginseng was

simulated to study the effects of infrared heater
temperature, drying air temperature and humidity on some
drying characteristics, Total drying time was closely
related to the drying air temperature., Infrared heater
temperature, combined with the drying air temperature,
showed some influence on the temperature evolution of

ginseng during drying,.

©® Compared with the conventional hot air drying routine,

infrared ray ginseng drying with heater temperature of 100°C

was predicted to reduce the drying time by 1/3.

- 20 -
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The Second Subsection: Development of Automatic Ginseng

Quality Evaluation System

X
Y

Following study was focused on the development of automatic
gingeng quality evaluation system. The results were summarized
as follows:
© Quality evaluation features such as external shape

features, coloration, and external damaged areas were

selected based on current ginseng grading standards.

© Suitable image processing system considering optical
properties of ginseng was built and preprocessing of
acquired images was done to minimize lighting effect.

© Image processing techniques for extraction of geometrical
features, segmentation of damaged surface areas, and
mathematical features were developed,

© Physical features such as geometrical features, ratio of
damaged surface areas etc, were suitable for grading
ginsengs.

© Artificial neural networks wutilizing 25 mathematical
features and a weight of a ginseng were used to test the
automatic quality evaluation system. The successful

evaluation rate of the system was about 74%,
© Quality evaluation algorithm for continuously fed ginsengs

was developed by using an area of a ginseng from an

acquired image instead of using a real weight,

-921 -
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© A real-time ginseng quality evaluation system including a

hardware consisted of a conveyor, and a machine vision
system and a software for acquisition of an image,
processing it, and finally evaluating quality of a ginseng
was developed,

The developed quality evaluation system could process one
ginseng per a second. The successful evaluation rate of
the system compared to a ginseng-quality evaluation expert
group was about 74%,

In this study, it was found that the grading consistency
rate of two ginseng-quality evaluation expert groups was
about 70%,

The successful evaluation rate of the developed system
compared to a ginseng-quality evaluation expert group was
higher than that of two ginseng-quality evaluation expert
groups, This wurged to develop a practical quality
evaluation system on condition that if we can increase

ginseng processing speed per a second.

2. OPINION OF UTILIZING THE RESULTS

The opinion of wutilizing the results of this study is

summarized as follows:

The First Subsection: Development of Optimal Ginseng Drying

System

The developed continuous drying system using infra-red ray

- 22 -
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combined with hot air has many advantages regarding the
quality of processed products, energy consumption, and dryer
capacity, Also, it can be used for drying of other
agricultural and food products, If a optimal drying system
considering final product quality and consumed drying energy
is built, Korean ginseng products will have competitive power
of cost and quality by minimizing consumed drying energy and
improving quality at the international market, The developed
drying system will be commercialized in conjunction with a
private company fabricated the prototype drying system,

The Second Subsection: Development of Automatic Ginseng

Quality Evaluation System

The developed real-time quality evaluation system based on a
machine vision technique enable us to grade ginsengs
objectively and consistently. It has necessary core techniques
for the automation of ginseng quality evaluation, Thus the
developed techniques can contribute to reducing labor power
and increasing international competitive power. In addition to
that they can be wused as a basic information for
government-driven Korean ginseng standardization which is a
part of CODEX. The accumulated technical know-hows can be
applied to quality evaluation of other agricultural products,
The developed quality evaluation techniques combined with

internal ginseng quality evaluation techniques will be used

-23 -



for the development of a perfect ginseng quality evaluation
system. More interests and research efforts are needed in this

area of research,

- 24 -
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A1 ME
A 1A AFAEe B
R K EN
A3 A A7 Ug R A

A2 iol 2 AxALH Y
A 1A A
A 2 AAMY HFIE
A 34 Ui 4% A=XKAY
A o403 A dFHYH JA=x\/A
A58 Qe dE dAgH PG A% A=A 2¥ 4A
268 dFH AN AE K4 A=RNLHY TRFH
A7 A dE 4N 72§ G dzA LY AWY A2F/AY
A8 A dF53 fAgy AE A4 A=RALHY £ 54
A9 A AN Y AL A4 A=A 29 Y FEx
A 10 E Q4 ARANARL] AL AE
A1y AL

A3 oMo Ax AIEAOIM =Y MK
A 14 AMd
A 23 Az AEHE BEPY V& o]&
A 3 A QMo EF A= AEEHE EdY Ay
A 44 Qi €F Az ANEHND RHEY HF
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A5 A Ay dF A2 AEHold Y RMY

Al 6 d Ay AFYH Az AEdNE BYY Ay
A7 A QMY WYL Az A EHIH B HF

A 8 A Ay YFHYH Az AEolH 2P RAMH
A 9d A2

e dete 58 XS I Al2Y W
H 13 Ad

A2 g*@ WAAE AAZTEY 4 2 JEY ERRMAAY A
A3 A A¥Y FLYMAAY &3 9 £

A4d Ey BARE Y

A5 A Qe B Syo) gne guNAae 74 W
SEERBIEEE

A6 A UE, BE, F2 % A2 279 gl 2Ee AW 44
Az slge A

A7 A B Ais e ¢ EAWANAYY Qe A
27}

A 82 d4yoT FINEL A4 YAY B3I B Naye gz
0E o4

A9A AN AN BA A5 W7 A2" A

A 10 A AAZ A4 FA AT BI A2y Py 37

A1 dEE
HaEd
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A1y M 2
A 1d dF AEy 53

2UMS AAAZYLE AdFLI U Uty gEAHA g
th. E@ 2 I &7 w&e 3, 6F, siyct, 4 FoA
B HZ iAol F43] sl don 2EA HEE Y AF
E usiA AW glvh. oo tiulste feutetE GHYE] HF
3 Hold RS d& LEA SIS At At AEHE HYPL
ZH AHdFFFolete ASAE A AV E Aojr},

gFo2RE S ZA A £4& AL Fertel dH +&F
BYE A2 77 AN E ELE B A=2UVME WE davt
At wrebd Wi AzFFF Al MR UL nAZ gy
287t 7h gol ARU7Y Fo& 2este A2I Y H A3 By
A9 EW ML Polzen AELFHE WA e FAUA
3 AEe ApFde] B AT AFE A olrh

Yadze F2 AYAR Y3 o]FoA oyt Zefde =5y X}
Fo2 sty dFAz7 FAAE St gk, 2 iAo ot
o] 2AQ AT ol YZAY AL dFete AANA A2UHY AA
2 dzi7tx 4233 9@ A7 AA, AY Y AL HAEHeR
o] Fojxl gl dAoltt

Aate] EA%Y g AEFFE Aol Y&t sl HUHolZ dH
g 71Eol AT FF ASUZALHY o] a7FHI 9l

53] Avjalgos wIEhujdsgAel oaAMrt 22, FEHe AW
TAAEY A2V dits7t W AFEAGAS A AYHLEAN EE
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o QadzAay § ARH EAEVR A2 sge] Ay
AA o,

QA4re] FEst AANeE AFLowA Aue uIF, 4d SAAA
Yool gt ©A $IoERY 49 EE W4YHID Q& die
E A% T AMAAL EFo] Azsie, ojd AL wI, §Y 54
o BBY EX 2832 AN BAUBA §& A2 Rolut.

AaAA "Rl e VI AMAE nEABe gYuu ARos
AAYE Yuste g0 Wan dUAEY TEANE sste] UM
/e (A2, A8, 4%/ §) ALt A48 9 AE dux dne
By A4 27 AeAdel B 477 Wasic.

metd, ¥ dFojAL Y AgHY AZE 98 AL TEAzY
AoH AZE ZYL AEE A27)Hol BE Aae Azt 72
GEAZUYE TUY A4 Az AFES AUste] A A
Atz AFE ¥F FERAE FRL A AF2AcMe Az
5& FUYLE BAstod Qi) HF AzANAYS AA QAT 9
o, |

EY A4 AZA 2 45 g &Y 4 9l sinulation model3t
BARE 722 St Qite SFVY YRAE U UAD A4 £ 2
5 ¥7h Aade Agstna g,

A 2d dF4

1.1429 720l &
TAEY WAL AT AR M3 EE AN #lste] mar

A TEE AANME A& AR(drying) £+ W4 (dehydration) et
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ok olg} AL fol BE A u2 ALHY dRe BF V%
BYE o] F3 Yt ¥4 &, § FWoIFH, HL3E W 5ol AT FF
2 8l7l ch & ANBe] thdt FAE YEAA sEE AAN: RE
gyt gee e S €4 & ALY nfE FeiA £8& AAs
t A& Uy ¢AAZ(bone-dry)EHo|T EE ol HAE &3
& $+&c] 08l EZ & ¥t} (Hendersond} Perry, 1976)

oW E3do] UdFY FrRANM A=Y o AR T ¥ERA
Z712b& JYEehi R, ol A& A27|TE& Yreldc), ¥gdxg AEAx
o AARAY HFEES YAUYSE(critical moisture content)o]ztil
sto, Aoe UFERHH JPUSETE W Aol AFUSFE(free
moisture content)o]etil FrH(IZ T, 1990: Brooker T, 1974:
Handersonz} Perry, 1976),

PE&A2I TN A2 B EHLERE dojun Mg X
Hol fufo] Y4H A2 W FEL YR It A2y BFEA
Afrrd EHOZNE fEo FuHE @AY vz}, uteid ¥
27|02 ZHo] Eo &3] AL FHAN & 4 dlon iy it
g2 BF o 712 gAY = e

A&AZ7| ol EAUFANY FEol%o] AXFZE Auiste o
™At (liquid diffusion)Fo &8te] A& JRoAM B EHLE ¢
wol ol thE & AAHrL UFEY FHEZ HEARI TS
Uetin Az&4sE A2 Fo A% Ay}, uepy A58
EAUFo e sEolFd 3t ALY e ¥ 4 9= Van
Aresdel(1963)2 EHU NN +E o]F2 mf tigd wWlUEL

2 o] Fo] Ar}lal st (Chirife, 1983),
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NEEM:

REY FAES HFE4Y 8714 EAE2A Hukill(1947)2 A=g7)
of £33 =&¥ F&Y EIL FES 799 FI/EVY 2 399
F7lol o] E3A Heu 48 )Y thed FL Hog 23 4+ 9
tii 3} g ch(Anderson®} Alock, 1953).

dM/dT=—C(P,— P,)

M: ¥4&(%, db)

t 2 AT

C: mizpd4

Py, + EAUY &Y F7¢
p, P AdAz¥IY FI4

gtef P, 7} PHT} AW A2 Ha P PJ ZoW BHEL o)y
FEY olFX WAA gon Pt PETE Zow FHol dojuirin
stgic).

2. A stFIHI UG HE

7t 7H3E3

A 713 ¥¥ & /A 12 A3 1 A 713E dMR Y8R
3t} thal ol Jtx] Yel2 shEshe 2a MR LR FEY 4 gon o
71 = 12} 7bE3} Wite] oyt g o] Fesiaxt )

ol BF 442 ojdY F4E YEINY BEYE AANAY F
u JYE ARt FEUP] GAAF W& 13%(w.b) 03} 7} H
E& 713 4¥/A dHAAMES wuch WS A3 gEe d¥e
A 7IFARAFEY FFE olFEu 2 B £ Ul Wiz}
TAx 50 o4& FAIGAT WAL AAAZ HL 45-50Ce A
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Az Yo g Az wjiol amylase, invertase 53} UL AV ¥
4& A Adejolch. waty 7 AZAeE dF wEA FEY FE
23 ® AEFY 2 Al N4 AR = e, HAFAFF
23 g2 AL o] FojzA gol AL N Ee dRNE He
Hol HFolth(a &,1994).

Wate] FRole FAb, I, Fab, w4k, Ada, &0, i, ¥
RBulst o FEH 4 9on & d74 AY AE2E 4d3Y ¥y
2 4H& o] &3tcl,

Yib Az AHSEHE $4b8 ASA 7 9-108 0] FI)ol ARt 7-849 7
Ry AFste stEEHIE gk HHY HFFEL BE i3t Zrh

> A4t € Wb

QESA-A0 - -2y -dA(QFAR, 242 )-FFUE-22-24

> 4

JEFA-A 0] -H4-2 -1 A 2-F 224X (A4 EH)-TFAE-

-3

. g i

Aito] ofgor ol&H ity ulf 2o} 2,000de] Wrin A
gled o ALEUY Gyt Ao Fyo] HEAM A2 AR
Eo2AN Zyg wa glcrh 3] zsdiel ¥R e AL F
F7t A B ¥ Gus} ot Aoz {Psich

AX ol Aol AFAAN fel¥ wE QitFA FES & ¢
o # B3 AHHA AFe] o Aoz HEALN YT
£¥3zhgo] gt Yoz FWghEA=utge] Hyog WAHI
Bl gyo] WR7 A" wigAoIcH §,1994), A4 AEULS Y
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AA=EX :

el

oA AMEEE ot BgA Ko Eo A& AEFUIE cl2A fgo]
+ S3sta g Fojo] ¥ Hgol gl Wt ot UL ALY
e Aoz oA rh

AHANELLE 307 AAZE, PAUYY FA4E, FUvAze
E 2H&3, ded FAE, 53E, 393, 843 FHAA 54
Ue Hipol e Azt o4t

8 Az #$GE

32
fr

Aoz RIAEI gon F 1-1 &

]2 g AojtH( 2 F,1994).

E 1-1 I Az 34 Axd F/HY va
k! A4
Ny LA | At | nSa (A)
X AXY 4 25 22 13 14
Tt Tho] & A 15 14
IhtA E g 9 7 4
8 HAl 1 1 1 -

3. g3 Axy HA AA=R Ve

7t 2394 A= §4

Hue AxT FoA JA LM} vlojagute] A (m
760nm-200/m)of glth. H e FolA 2.5-5.0im Hrh I HFE U
A (far-infrared), & A& 239 M (near-infrared)e] g} e, &
3 mhgo] 7 WM ZHYMED ARUF R WFHo] &o 1}
olAEWH Tl Hrh. 2y npolaEvtrHrc 2% spdolw uwle]laZ
st Aot Ze w9 ¢ldo] AT AN Az2E WARY Az W
of o]-&r}.

_35_

[
=2
He



NEEM:

FFHYME nfoja 2ol AP e Aztulo|BE npo]a 2N |
4& thd ZAAG Yo @upge Atust opvel AMEHE Zkn gla
Za g wge gholrt, ¥ AR F o AT lm o E
dex Ak %, 1995),

U, A&y Az

A& AZRNE oy B3 A= AAaPgoR A w2 (¥4 )] v sty
Aelegg 5l BT B AL e AoE gHA gtk d44
Az71= BHY, ¥78 2 EUYRYLE £FE & o ¥F¥S Y
2E I3} @8Y EEO £Y22 AN YHoln FF 23
g, F4 &Y % AREl o7d &t HHRYL NAEY TEF
489 TEo] BUY BHo2A ARAY HX 4o wtel 1€, 2% W 3
go] glon RE 2-3¢to] weol o|gHrl EHPFYL IJEY IZF
thste] dFe TE WYl ¥F, FF L YHEI THPY ¥Yeo=A i
HohEY E& LSU Yoo ® Ytk e A AxJje dPe=
TES Q23 uF3 dEdM F2 o] §HI i F,1995).

4. J1el $Y

Fujel 2] of Fofo] tiyt A3 FHE £33t R Ax FojojA
t 3 "<(1983)0] Wiate] Az Adel BY AFoA H4E 12% 7}
2 Azsted £85E AL A2 42448 AV W 23, A
8 Sof ulgl Aozt g2 tiAE 50C & ARLEAN AW BH
6041, 2| 80AZ, WS 1004 FELon of ZHENL
40-45C & A=2&%E7 50-55C ¢ F¢ETt FA veht Wity Az
EE 50T o]3tst Frin BaEglch o ZM(1985) 3 yatst i
Yitell ci AzAYNN ALIAZdLF FHo) Y3 A=A A=
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N =202 60% =] FUFER 24T F= KAl WY&
AMA 45-60%2 E A 3t AR ARFI| o= 35-40sF =R = A 3o
ARt Zo] Fon A2RLEE 45T A=Y Agsicia Husgc
o] 3M(1986)2 WA= NAYUE Y J2AEE A dFA=,
dFAR, 25C LAY Y32 F ®Wix A2 PP & <o d
ZAYE A HELHY A7J S48 Wisgo] Frst o
Wite] w3 mpgate]N AZA o] AojAn, AFA=2Y F& Y&
13%712] Az st LHoA 1064t AoFden, YEA
ZojHEe ZHWEe] H2 Y HA Ay gARdME FA22 d
3 Mewst Mgl stgen, d2L2rt e d Wiz A
dE g P20 g3ty dFAZ 2L WHEFFH WP F& 2
o2 mggcin BRasgrct

Z243(1991)2 239 dFARe| U 2244z W ARANDE &
ARFE, 1FY HZEAS AVRALE FAYN A2 Y HAYg
MAISt 3nhA AzAlAHMe HAAx2ALE ZAAHAT. olFA
(1987)& FLEUE A2Y uf olAIERNAY JEYP3} ZEEE AT
zh02 dAsn duA 2HE H4&HY £ s AXFTHY HIY
ATE S¥yslgdct. AWw 5(1992) wuwyite] AzEY 398 % A
Z model & W37 A &4 44 ARLE (30-60T) & AuG
X (30-75%) ZAA J2AHE Y3t £HH AZX nodelE =
Thompson?] modelo] A 3¥siria B, A7 A2zA Heold Aited
FE HAR AL AUEFE 75%2] A2 RAoARE ofe EY ZHo|
UAdstslcia R asialct,

SAE EA B dF BoklAdE A4s 5(1990)0] HAFAE Aaw
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S ol8dte] AU sy FHEE FANAR k48 S(1991)0] ¢
BA 2 AAE olgste Alzte] Mg NSt AT E $YsHYT}. =
B8t T(1992)2 FHFGANAAE o] &3to] AAMEI Aol BY
ATE T 2T $VR(1994) AFE AL o] &3 @
#ule Ay 8 N FIL FEe dFE $UAAT 0] 43 (1994) &=
ANAHEYE o] &% A HAE g E o] Y 4TS 2ysg
BEA ol32(1996)= 4R ANI ¢} AAHELE $435t Ex
HAe JAFFHE SHAEE FH A53aste Iy 23 9
e A7E S+t AW 4(1989, 1990, 1991)7} K44 &7ho] i
o FEARE WY & e FANEANYE S8 AFANLHAE A
dstelch,

UM 2 o] Fobof thtt dF TR EMsid Bud A= Hepofy
T Li 8 Morey(1987)7} w4t Qlidel whs] AzL= o) 4, Ay F
Beol dzx&EL FAARE nAE dYL RIS Pagedl AR
model & o] &¥}e] A=K/ MEstaAcTh Brook(1978) 12| oA
dynamic programming 7] & AM&8le] o UA]n] &3 &N &S 223}
= o YRE FEA2VY AFed2AY 278 AYst4rch

TAE 2 Bt AF EokolME Chen(1978)0] Hi1EY Uy Sy
& Aol FAYIte] o] 8 AFE Uy YL AXABES 2A e
%5l Sarkar?t Wolfe(1985):= ERlEE 7], ¥4, A @ THAES
o met EFsI St FaAMeE W YAANINYE o)Ll
Miller2t Delwiche(1989)& Zetg A e AXE o] &Y H4ol HdsE
Asti AAY A3 AEFEIE Aol TR wiy) 5% FEFHE Ho
2 M ¥cl. Dasg} Evans(1992)& L& dFojM AR WL o] 43}
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NEEM

&of

of ¥ NAYPL wl AAYHZE o] §3hA AL V&Y AN
2] Hr} & Ad AYEF R4S ¢ 4 Agct. Ikedag} Sawada(1993)
ABH2YE o] 8 LHIYFAE o83l R 5F& A=
A+E s¥sden 2 A Aol ¥ W] UAFo] of 82%E
E2E BoF4ch

2 AAHA Az FPATFY 22 HAFJARA LY Y ARZR
do] XY, A=o LaFE qUAEHY FId+= AFU AA
ol wWiite] ENZAYL AL Falol 3t BEAMIN v, 7}
Ha de AAelrh.  Igu Ao £2 HU2 4 WEY H+ 4
A B2 A, 4 nAY 2olF AAS: o] RFY B ofy
gt 2 5o QoA E AUEE HaZ g7 wEe AEFL EFHE 2R
sted A& A7 BE €3 E 71AR QT old o]/ E i

o) Azulgo] W, EA Vo] Fejxel 3t}

fr

A 3 aAFNEs e W HH

dxpd dFAL Vg 9 HeEe E 1-2¢9 ¥ 1-33

F 1-2& HFJAR ALY 979 A a3 W8 2 HeE o
Eldch, ¥ 1-20]4 8} o] 14 dEeole Qi dFAX A8 KY Y
24 2232 g% AR sinulation model S 73t AFstgict 23 o
Tols A H2AZX B4 A7 H2AR sinulation model & |
etz AZsech #3 A= 3% ARNE Y A2 J2ame 7
B3da 29 A 23L& AR Y A5 AHE EF8Ach

E 1-32 437 A2 A7 Axbd d7AE g » HE U
Epdct, ¥ 1-301A 28} ol 14 dxoe A4 B4 BI VES A
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stdem 2 3 dEMdE

Ed 37 QY ¢ &L AU A2

A Agg sl HF A2 33 AR HAR A EFA
2% F7t AANE ALstgen o AAHY Y= EMSAch

1APd =
(1995)

¢ YA EFAR A7 KLY W
=4

¢ YEAR simulation model
Y g AF

L2005, “sOU“%oTw cErra
7MY Al 9 7|22
2R

FDM ©]8%} Computer
simulation program 74
Simulation model o] & x|}
ZAYR & vl

XA
(1996)

Aye) YA Aenz
54 47

@ A-&AR simulation model

g g HS

7"]-9- (5-25TC) 319—]*'! AR
AEAA Y A, A

A4e] AN AR BFYTF3
DM ©]-&-%t Computer
simulation program 7|
Simulation model o] &}
A2AEAE v

vVwvw

¢ 23 9394 A8 45
A4t A2A AR X 2EE

A& fle Az29
e 43

A3E A== HdlAMY
Uiz T & A3 AF

sl e Aaw 74, 4523
b 43 AzAAY A, A% W
1997 ) A
(19e7) | 2R 2 AzAY o
b AzA 2] Aol e
Az ABeoln mue
¢ 4 BN 2RA BT | ax we an Au) 8o
o A 47
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;!;:.!,_ i ‘.

1IAdE
(1995)

¢ AHFIAFNNESY BT

>

2

QArel £ RS
mXE YAt A
9% HAIAEe A7 W
Yele S2Ue F9

Qate] o) RNUg SgEe
2%, BepEA] 24|
EAR7} AxlEe) YT EHE
24 YR SN
398

234 =
(1996)

& TAFTAAL] B F&
A% FeAE Ay oy

Ao B3 Fel dgte
BRH A LR 7Y W

A B2 HA e

5, BE 72 9 A2
3714 Heje] £ AT

3 e 71 Ay

A4 AF- Y] FJYH YL
18 71 A

Apd =
(1997)

& AA A4 FE AF B}
Ala¥] A

Fatg] ik geEtt
4TI LRY dalEE
37}

A4 o= FFEE 9N
AAZE T2 BT AlARe
YaeE 84

AL i £ =HF 37t
A28 7

A Qi 5 2E B7L

A 282 dE Bt

ol

B

NEBEH:
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A=ZEXM:

A 2 & oiaol 2(x ZZAILE W

A14d A 4

13 Q1 AH(Panax Ginseng C. A, Meyer)& $-@itete] 28% FAAES
e 27U R (Araliaceae) 14t (Panax)oll &3l 4-6d F
253 T AuHE chdd 22 AEojrh. AWM E I ¥2AE A
At(Ginseng radix)o]} 3tw ¢fg o8 AG¥TL,

QAre waAl et ol $F, 4, #F, Jud, £8 F
Ao A AuiE I gout feute J4e “nEdiolshe BB LR &
253 9t o]RL lite] thE AiRT WE FAol 537
gEo2 stehsia grh(a F,1994).

198818 7% Seitete] ¥4l AuiAAL 630.8 FR, Y4 AR A
& 35862 AR gom Uit AA Maye 12,389 WT FEE RaF
slth(o], 1989), 2aut 90dtiol EjA FAEE AW AASES &
A5 glort WALEE tia A FHE Holi e ZLE RIEHI
elTh(aL B,1994).

QAL 37N E 2o wegEist BoAsht 4d2 Fee €39
g7t @A=L sz A P AAN 2 USHUE S5
Aujate) Aol U7l wEel 442 o4l 71F dEIMLE AEE
th 2} 4] 7 b0l 6de] AU TH7} tha widiA L 2] HANE &£
T ool W L2 AW £l ey AAe FHe] ol A4S
J4 717 4-6do] AP Roe A drt. 2HY AMFHS BT
AR 6d, YAEZE 4-5d6] o] Foixn, AFHI e FTHEE 9-10
o, Wiaxe 8-1040lt},

N

ol
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AiAEZ 4L AAE A2AELEE F4 W4, HIFAH T
glom 15 FAFE F7h Amiatyg iAo 2A BF Rl A4AF ALl A
24, 7% g stgdou 19983 EEE dHdE A Fo] FHedA H
qdct, Fiae YESAL o 90T o4 F/2 FAE e of
HolA M KLY g EFol AYHE A= d3A o Wik
stgule goul 7HFo] uj g &7 ©Eo] Qi AMIMFEAF FHA
ZE AT Urt. U Fotyt F3F SR AN 23 F4& AT
HEe] o 28T F¥Pe] Ueputa Ut

W AH(Fhite ginseng) EIE AAY F A2AJIe HIWA3} F
& AASHA 42 HEWAE wsln eF4E 75-90T e & <ol 20-25
B2t HA stdste] FA9 70-90% FEE JYU F A2 e LY
th, Fao] AujAlger FRFY VBN E U AMFEANES Ul
A A Fae MEE wfEo AAR o] elFi& T vk F
Pyog ARIIE et

Wi AR e QESAE AE, A9, A4, 2y, 1x A
Z, 44, 24, 24 Az, 53448, EX 59 HFFEE A 9
FoA AXFRL ALY =¥ W YA M "ol 28FE T
o EY WAl F¢ A B E IYE FE FFolIvh A A=
E AAdE AR &Aooy =5 FF Fo ofE VA=
AFYAzo] Y&t ol

AAdAz WYL J| Y2 2E ¥ ohs} A= £873e] A3
Ay 287 An AZR/ZT F wAU FHo] X MF Foll LH=HI 4
$ ©Ho] gt VYA WyoE AW IEPMES GIANY 5 &

Q] 13%(w.b) ©]3l7} HEE Azstedle 1064 =7 &85 AL
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2 RaElo] glrh(e] &, 1986)

B FEAZ(QFTUIYAR)E oY A YA E o1 8¥ & %A
22 NS He AR HUE o83t ARFINE A BHE A
st gich, E¥ Az Yol Ay Fel At wol At A
Z3ZJ @E Y&TE 1-27), @F9 bR T 4% o X
o] AE7E A WA o] vifEolrt, ¢ €T 2= o 455
ocoln &3 A Y47 Azsted £LHE VA2 BHF 3-49
Ago|tt. oy AZWAL AP Lao AxALe] Wi, H+&Y
EFQY So8 A% EUASte Ariy oA 4uzt & dHolch

Ax7tA] QiAo B 7L QUFHo|W EY FAXRY &2
Aol whE Ee gy EARY So] FUEHI glen F F(1992)0] ¥
Atz Bl 4te) B UL EF AZYANE AAYeE ALY 47
7b e dz ouxg E4Y BAHNN A2 dzJ e g Fol
B dFE AY g AdAolth

dEFZE AR YA Yo £8F 0 gHFeE 32 dFA=2
Q48 A24Er wER ARqUAe Fdoz A PPl don
Edo] AstElE AL ¢ AUtk FEY FRole I AXIFF
olgo] Wi W ALl ERA Hn WAL EobAct AMAZ
AE 50T olate] HW et Mol vuircia dHYOR WA 3l
T},

E aAFgAe day e AZE 93 AL $FA=G oA
A28 PP A2 A7yl e A4ty APy} 71&8 @3
2P TUY A4 ALY AFEFS ALste] A Azfsta
A2Ee #3 AFRAL TSR Y FF2AAMY AREeE F
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Pos BEMste] Qi HA AxA2"E MA 8YsA IHch
A4 Az A2Yy AL dny AP =P Axds YA
R Az A& YA £EL2 YA RA e A FEE
A58t 2008 AR M AFHG AANIA = Ao
th B 479 A% AL T4 F7b Aujard chgejdrlol Wi
& 2= stsict,

A2 A AH NIITR

o) 23 229 diAe) § Az, AEY dEW JIFNE ¥E AR
3 ZAAE 45l B o Qi ¥hY F2 I AL A= R A
AR Y e AFE $&£o0H nF2 i, 32 FA L bFUE
F2 Qs olg ALY YFE Feol FAE £&3e AR oH
At ol YT AR WA o glor tiwt njFelxel AatagFe] HAY
F718ta Qlthke o] ot

1. 7139 53

QAate] 712 Gt AERA KA Yo AR FYH 2
Ao FAAch 4L AuEF oL A uwetA Aol oLt B
B 75% Yoo 8 SRt dlo] AMFY HelEE FIT BEo| o
A3 88 Fol BHE 287 don I AN} R Ue A
B Aol ostel A4t Y& EiEH FEH XY Aol ALY 7
T40] &rh. ol Y A A o fE AXE StA HH Azl AT
T8 o A odEd Y 24E AAY 5 don P A
& ZaAA A 9 Y Heyde AT AR A9 H3EF
Fold AzFAol N Fadty odux £8F JHF W3 mEA BE

_45_
HEAZ U B NS HIh ALY N/ 5=



Jtgoleta stel ARFTHE GBA Hrl. AEtY HAENAE vpHIA
ol c}.

2. 3¢ Ui 71F A

7t #F die e

ERFIM(NEEA)0] dstd FFL2 AW wdRyH AAdE et
NARAR FoAAE FFRY, 2YP, BYPLE AuEFHo] 20 -
35 AARZA A4 Aararo] W 2400 - 4200 & A== S Ach AY
el B AL, Au) Acdo]l tiEY Pax|doln, 349 A,
BAY, FEZHY dg, LAHNE Yol AE r}. VA 57,
e, AR, AMAE g AuEn Q& Re2 d8A gden HF
A T4, B, Aol Foith
2-1¢ 23 YEF QA FAXY T8 3FolAY A4 ¥F
& Ueld otk A& AAF7 e AYEo] T0% o] F& A3}
3 oglen AA AAFAAY AMFAAE 2AE AATE €A U
th ® 2-2& A4 Auidsd Q4IPS ALEFIE, ¥ 232
A8 At Fabe] gasg wlay RAolth. E 2-4& FFTAHY
TF71E& vEld Aol

21 339 CEH Qi FaAe At s

=Rl

S
rfr

. 90 91d 923 93
- (#ha) (Hha) (#ha) (2dha)
284 4.7 3.5 3.7 10,4
A48 26.5 15.9 17.6 22.2
38723 1.9 1.3 1.7 2.8
3 A 33.1 20.7 23 35.4
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N2EAH

e

>

!

0

=l

fral

2% 2-16004 2R 2-47AE $F SEA (SRR HAHE A4

HFEHE WESI #FY AAEolvh. FFY A4 AAFIRY AL

bl

X 2-2 3% dM 448 44 3%

1] 1 2 3 4 5 6

2mA ¥

THER| 46 | 4.0 | 120 | 25.0 | 53.0 | 645

(g/2)

E 2-3 33 A4 Y Al71E B

2= Q-]; 22 AFA 4_]_-;,& A ﬂ-ak
(m") (kg) (kg)

94¢11¢ 12 12.63 3. 405 1:3.71
9416 ¢ 12 10.25 2.853 1:3.59
9424 12 12.75 3.730 1:3,42
942 12 11.65 2.875 1:3.88
10424 12 11,55 2. 860 1:4,04

24 3% 4M 57 NNe

T e <9 $%(g o)
B 100 -150
15 62.5

25 41.5

3% 31.5

4% 25.0

5 & 12,5

6% 5.0

43
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A

a3 2-1. 33 220 Qe ¥ 22, A4 B3R
Qlat Jtee FAA 2 ol

3y 2-3. FFAM 33 ag 2-4, 35 IR
A=A A4t MH A

ol ¥l gladen AL g FHLE whEe] £&HI U
th AHMH 7 (2-k2-4)= A 45 cn, o] 3.5 n FES To|%F 7
ARA i (YAFYTFE £ EFE WA) olZ o EtAH TS

o

ol E& EAgegd dato] AXHEAN &7F5LE FFIEF Tt
NL® & A zste] Abgsta glden &2 AX7E deol HEHa
Rqth, FAAZRE A AEl Y Fao] FEIL Adglo] HAde A
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L= wgEgen Aze Hige] sl2Alde] Hol de Fh AUE
AAste dzsgesd =548 Q3= &S FEdrt. FHARE
a3 2-2¢9F Z2 Jtubg flell AL 3 JinpEd] (HA FE HF ¥
o] J1EE ol§) €& Jistel Aol AR FIlo =FHEF dt=
ek Fule el 34tz Zol FE& Eoll diE de WHE ol&sta gl
Adrt. FHAZNFAE AT LEJL BAAY A do] A Mo| A

ot

Fgol 7bdn Azl HO®W WA, AT Mol @A uehdrh F/18
F43] 7hshe Aate] ZeH WL R ol& abvbe} Wk,

2l Uetold 4 WA Az FHAZE ¥ woel: w4
g Az7) Feloltt o] 28 T ZE AX st 28 ERAE

$os 49 k. Faolu W Az: FaY AAN A=A

ok
e

oju} HAME AzVo] AMLE M3t HBFINEHN TS GFAA A=
& S gdRoNE A Ao B0 HE & Eelayed didE
oM AzAMe] Y= ¥t

ool de 29 2-59 Zo] AE Y AR E Abgsted oy dH
oy AAg ARME AR AMEstH AUE wlf 2 ciFPelrh. 1Y 2-6

o 2q FRAolAMet Lol EFol AUAA YWrt By 2ol AMr

A3 A M2 4TI 54

2 dFolN AT ABY QB $4E ABHA o 2 7Y PE AL
Y FUF(A7A 23-25 m) 44T AR FUSkA AH-A ul -2
AHE B3 B718 =BT AAT ¥ ud &7lo] WEse] 5T Y3
2ol RFsEA WA AYel Agstdnt. RAALL Aol 1 Y A
£oth 27 W4s FAL 70 © A UFA AR 28N 7242 B
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Z3e YHE JNELE o &stHoy AA fEY A2 dYHdA:
ZAYPAL F ARE A2 28N 48X A=A $HE o §31d
th ool A2 AHAe ¥ A4y Y4 LL & 40%(w.b) o]3lo]7]
Eel 7l At & FF Y AHAA 48 ARl A g A
z7t g Aog F4FU7 ot
1, A48 4814z 71& A8 ALY
ARF7] L& 45F (30, 40, 50, 60C), Hri&E 443 (30, 45,
60, 75%), A% A A7 3FE (£, F, thH) & AStol HAH
o] RIH oo tiyt /128 d¥EAZ AY EE ANEMIA e
e ARt wdsdch A AP L A=2FINY L, HUEE,
Ao AR AA HeFHden, wetd A2YIHY widEsES 2
HY M J1A] HEEY 4 2H AFHAch 28U o] Al AY MW E
& BEF B3N A o/PALES ABSOA &Y A AEA Y
Hlad & xjol& Borh &, A2 F7Y L&, §E, A2 3FY o
delol ot HYAL 7] ALY Q4AZ nodelo] ¥ AZXE Wiy
& o, 3 A} BHHF2A] 4srh oA AR model &9,
AzAYoA A2 A2IJAY 75103 P& SAU APt Ao
TEHLE O 2HE Wi AP ATt b Jldrta zebE gl
olgt= el EFAE VA £YF J)&o wol ol off X (2-1)9
Fick's 2nd lawe] 2% 48¥ EA S A2 modelE, Uial 7o #AH
AAE st Ha42N FY xista glen, AESAd HE A
4 Deffe YUt OB $4&2 A2 FJLY H4E EAHEE 3G
ol 4 A2 AFAo2AM O LA} Hojrtel el ughE Yl
719 A dFI2R ARY AEH M slope & o] €3t Ln
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A=

[1]-[)||

|-o
0z

MR} drying timeZte] BAE uehies AXxJFHo2HE RASLEHAUA
£ DercE AT F, olF 2= U U4EH FHUE I FHY
stugch. ol & $13}e, 7
EE A & go| Y RAFEHUAS DrE 2= H
+&2 U2 T3 EAAY A £ g wWol &ol:
Fick's 2nd law o &j¢ €8% BN AR model & Th&3t Ao

+2" 30, 40, 50, 60Ce 2 EFAZ =

2 Defft

MR—ZlBZexp(—-B,, ) === (2-1)

oJ 714 Re= AAEFS WAoIn 8,2 13} Bessel 42 Zolm, $¢
FiF42 Foi3 e A2AL t7h AAE A YUeze FEI 2
Abgt g 4 9l
BAE ey S BANE FEY 4 don, oZHE Ln MRI} t
7ol F4e NEN2HE DrE AAY 4 A "Hrh

&, 8 Aold A YU AL YA Lo o2 A

LnMR = —-5.783— 7

whetd, 71 3 i 2342 YFEANLERE In MR vs. t JFA
9 71&7) BEE FAANHNPLE FU F, ol FEol thd multiple
regressiong AAIZLZHN 259 I+ E H4E e FESEHAAA
% Deffe] ¥ FA& Fstgtt. otel regressiond]?] r’= 0,95030.8
g iy £Eogen, A4 FAFERAAL Dare A 2E el
Hegole 2eEA AR Exo YA d¥E U RO UE
ok 4 (2-3)2 FEFEGUAASE 2EY 4R A Eid

Ao,

A

s
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Dy (T)= —0.21228% 10~ 540.13968x 10 75T
—0.13443% 1073 T%40.55254 x 10 "1 7°

AZNA, Detr £ Q4 REFEZIAS(n'/hr), T LE(T)olTh

dqutg oz FAE 4 HEY |FESLERUASE IH 2-TdM B
Hie} o] =7t Fridel mel F7h8ol FA 3 b, A9
ZeE AW AASE AYoE FNEHAT. o A2 dike EFEA2
A, A2F7 2R F7td mE ARANY ©dHRHIAE oqE FAUE B
A goll widtd 2L Zolete A& A ¥rh. 2y THAAG 2
o] FEFETHE REFLEZUASI ulf Su oA Aite] ttI4 &
Fol7] L2 getHr},

.

60 — 4
o 4o} (Steff & Singh, 1980) .
50 + —s— Spaghettl (Andrieu et al., 1p88) . B
x flgh(E AF) . H {3
N4ot
"
=
a0 12
£
ul
S0t .
= 11
H
10+
4
:
0 A 0
20 30 40 50 60 70 80 90 100
2% (o0)

39 2-7. A4 RAFEHUAS Dard] LE 24
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ANE2EX :

2. A4t 4L &FF

QAite] 4L PEAX ARY E£4 st "W4AA I FH shu
Ak, 3 FFo] VY BEL YFY B EA4A deon, TF dMHA
28] WMo E 105TY BN ¥ate] o] & wrztx] A= FAE
ERY F o]2RE U4E&E BANEE Ho gk a2, A4S o
70C o] g8 LEEZ AL AZ2Y ZFf, € Vel A% FIRY
P& FAHY Jhedol Ug A2 ynkEy, wepa] £ AN E o
B EAAE eASHY] 3 AFoEE o] & MY U4 FHYS
+4387 % HYE AAsA,. &, AAstoAM AHANEE A=xAE
A% NEY AU UFA 28 Ago] uE] vy A28 AL
Bt o AEL $4E F30 7te¥ £= dvhs Aol HAsid 70T
At U & 60T AFLEE AHEsle] of 10088 UAHAERE
AYJENE 72X 7 TG ARAINEA 8T BHLE FAUHRE HA %
Al 1% 2-80lA 8 ol AR AU tFA LEoAY NBHD
X7 WY WO} 48X 7 o] FojE R IAFLeE FI] A&
ol A2 glo] go] T AoE WerHch wald 60C AFL2E0]
U 70C 4 tiFa 28 el 48A% AE ARAA HeEE AL
3ledx H QAU ¢l ReZ utetdT),

3. A4y & @3A2 FUMAUE

A 22z HBAY A 2249 A4 RAEASEFUAS
Deffe] Aig #3 AXIF7l &% 24&€ (70, 80C), AyFE 29F
(35, 50%), W 23 2A Qi @FA2 FHEHEE AAIHAT A=
E AV $A(FRF) N B2gEI A 2EHA Aol MM 2=
FARAE o] §3le] Az RANNE 4222 FAFE o 4Yste
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120
100 - ZBL2EM
- FB2EH2
80 - I F2E#1
= < F2E#2
o eof
3
40
201
0

0 8 16 24 32 40 48 56 64 72
HEAMZE

2% 28 oF ¥ AFOEG o8 H4E 24
Ml gAY oAb BA e

o2 AYol +y= gt

a9 2-9= AR FIILE 70, 80C, AUIEFE 35, 50% 7oA A
W23E viebd Aotk 1 2-10(a)sh 2-10(b)& 70T T2 EF
ZANE &Y A48 vlasty vepd Aot AzWAEAY A
24571 15%0) 4 w2 AYPE T g ol ARYAFY o FVLE
30-60C W9 HEAHEYE Fu|d Fo|7] wEe] 70T A
t ox7l ARle ALE 4ZHcl ooz uUEY u ¢f 80T F =N
A LXEF AZXAAE XSt A2WFAE Flok & et d&
Aog TiHrh E AYojHE 80T AXJANE ¥ Ao}
UZgd 59 A0l Z o4 HAHA Ut
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—o—Experiment (70°C, ‘35%)
—&—Experiment (70°C, 50%)
——Experiment (80C, 35%)
—t—Experiment (80C, 50%)

LD g == S m o e e e e e e — e —m e
T S e
- =+—Experiment (70°C, 35%)

2o
PoRY IR U U P ~——Drying Eq. -
)

0 4 8 12 16 20 24
Al 2

I 2-10(a), 27|2E 70C, A4 35% 272 AE AzxzMdy
AzugAle] 2§ Az
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—e—Experiment (70C, 50-%")

~—Drying Eq.

E+g ol (MR)

0 4 8 12 16 20 24
Al 2

a3 2-10(b). B7LE 70T, AUSFE 50% 248 ARTMz}
AzxygAA o] 2y AT

4. 4% AzYFA Ay

# F(1992)0] /YUY EF A2 YL dF2= 30-60CHANA A
Uo7l wfEell o] HHE Wold AXRRAANE FYgdol ytotrt,
Az UYAE AL i €F & &olt o] fowt
ALo2 oA 7] & FAA o] gl ¥ 2EF Eol: R
oz oLt A=7]9 EFHAAA {2 3tr).

B dFojM 22 dEAX(70, 80T) T AHANF /& dF4
Z(30-60C) Fe AEANe} TSI 30-80T HBelolAM FHE sttt
dpu] disbe] A2WAAE gt AMEE REE E 2-5¢ gonm B
Mgt At & 2-60lth, o] 8" WA Y EWE &Y AFAIAN
H3gdel 71 2 AHANL2EAM MR= G + C; Ln(t), 94714 MRS <4
Hl (&92)olal t & AXRA Zojt), uj/¥4s Cx AZ2F7) 9 2= )

FEY UFEA B2 4 (2-4)0|rl

C =Dy + DsXT + DaXRH + DgXT? + DsXRH® --—- (2-4)
..57_
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A71H Ce wiAH o D& Aol T ARXFI 2XE(T), RH

€t JlEz(%)o]r}.

X 2-5 Az Jige] oW AE
(ufe] Y4t M)

Az 23 .
G C R*
SE(TC) | BUg=(%)
30 1.00355 | -0.22250 | 0.978
45 1.00364 | -0.21748 | 0,972
% 60 1,02627 | -0.23005 | 0.973
75 1.08081 | -0.20491 | 0,964
30 0.93091 | -0.23771 | 0.989
. 45 0.92489 | -0.22993 | 0.992
60 1.00598 | -0.24848 | 0,987
75 1.07467 | -0.25862 | 0.979
30 0.83254 | -0.24193 | 0.960
50 45 0.81583 | -0.23054 | 0.981
60 0.91827 | -0.25227 | 0.983
75 1.04889 | -0.27803 | 0.985
30 0.69209 | -0.20057 | 0,929
45 0.73862 | -0,20998 | 0.947
% 60 0.79472 | -0,23097 | 0.944
75 0.99746 | -0.27818 | 0.963
35 1,01500 | -0.26120 | 0.986
70 50 1.09450 | -0,29980 | 0.980
35 0.97030 | -0.26950 | 0.968
80 50 1.06960 | -0.27930 | 0.982
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A=

[lH)ll

|-o

0z

1o

E 26 AzWANY nhAE4E APshE 44

R D D; Ds D D;
o) 0.8099 | -0.0003988 | 0.003215 0.0 0.0
C; -0.1564 | -0.001082 |-0.0006451| 0.0 0.0

A 44 A HdFHYN AxEBA

VYA AAR AP A

BRI dHd WA AReAAR QL Ao P E Ky
st HEAAE FEstoch QA FARE A2 200UR I} W
I YAEe o] AdHE Ao dyA A}, was 2EAE 843
PRAA oUx] 2ulE HAR 3= d27] HAAE FIL= sigen o
€ AT HEFAY FoAdY dels 4L B ALY /g SR

T UAE o] 83H MAZEUY $EL SN dUAE 9F94 g
A& ol g3t Relrh. o dejol wal Bench FR2o] AWAANE HA,
Az g FdstAAct

AUFA L] FeAUL £ 2-7 Pt AL u)$ AW A¥o| s
St ZE A& Aoj7t AFLE o]Fo AYARE AESLY A
Bl (Notebook) 2 H4EHo| AYHM WLY AREM AFLE oFo
A o+ vk 3 2-11(a)9h 237 2-11(b)e] AYAY FoREe A
YER STt
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X 2-7 93N AAZX HAHAR Y FoALY

b PR
B lgeye | aaga | I lagwa| L
olow 119N 33
AL} (Ho]2¥]) | WAIA (Compbol 1) Al&HR]
AC AC AC AC
s DC 10V
GRS 220/60Hz | 220/60Hz | 110/60Hz 220/60Hz
A A $34 = - . "
INCOLOY | INCOLOY
7 wulA
rag HEATER HEATER - - -
INCOLOY
7 2B LEAl
e ich HEATER = - - -
CROSS FLOW
AT HIA
FS 0 —] FAN — _ - _
-20 - 150 | AF&-200 il =
= -25 - 50
=9 - © 5 T s _
&5 30-98 %RH B _ _ -
) ] 2.5 - 10 ] ] ]
Lm
SCAN INTERVAL ~ _ 80 Hz _ 133 MHz
ANLOG INPUT 8 DIFF -
(RATED QUTPUT) - - 16 SE =
A/D BIT _ ~ 14 - _
40,025 % | =0, 05%
ACCURACY _ _ 050 B
FSR OF R.O,
RAM B _ 1. 8KB _ 16MB
2} 2 VALUES
KB GB
STORED - - - - 1
- 60 -
ZOIB/0G/05 13:87
AE LU EZE NS HIFAAE e/ sas

G

ol

DR Ties AR



3% 2-11(a), €3N A2dz 4PEX L] A2A A1
O FANN @ AFT =AM Q@ AeAat
@ AEYS 2=AXN @ AFd YAkt
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a8 2-11(b) ¥AH A2d2 AEEAY Ao Y A8+

D AE4d #Fy @ = @ ¥2YE7] Aol AkH
@ 934 YA AGPA O P L= FA
® AE4SYRA
2. 4R A2z AY
AA AT AgARAAH &5 25 45 65C , T4 0.8 w/s, AU
E 20-60% ZA0)A 3643 ARAHUE ¢t A2FEE £
Ago] AL FAANEE 19979 ALZUNAN +HE FHLEAN A
A AMRYIA LGt FHAUnjAE N Fujdtdct. FUHE AR
£ ulE AYAEY A2 AdHPEE ¢RI ERFEL A A
Astel YA HHA B2l w3 g ud o Y2 ¢ 5 TR
FAHE WFe REs.
L3AN A MYPoIM BT ol dUeE A YD WA
o] Q17 W&ol wi¢ FUsA AFHE A2 AT Y2YF7
Aol7t ozt Bt gstdct. weld ¥2Y¥Er Lot g, W€F

-

o
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o4 WatEre] Mol LE Fol Ao MAA G YHAUAS ojqPot uF
AAA e THE Zol AW £Ysts B4ol gy WEel AHL sl
A},

F 2-8& APN Y APARY 272D & ALY Folth, AAA
BY 4SS obd A (2-5)9 FHLSL FHAS AL P Ho|
thH(¥ %,1992).

Me (w.b) = 0.124 - 0.000647 T - 0.216 RH + 0,373 RH* --- (2-5)

A7l 2= Te T, AUEE (RH)E 24003 FRELE (Me)2

#3871 &£90th

F 2-8 I Az AEAg 27

T [ wHed | & | 49
BOSE Lamgm | win | ues | ueg |00t
(% RH) 2=(C) (w.b) (w.b)

25 48 90 67.3 9.9 36
25 60 69 66 9.5 24
45.5 30.2 61.3 72.1 11.2 36
52.6 21,7 74.1 72.3 12.0 36
59 15 86.1 72.8 13.0 36
45. 4 48.3 102 66.1 8.8 36
26 52 94 68.5 9.9 24
52 18.3 134 67.9 11.0 36

IH 2-12& FII2E 25C, FUEFE 60x, FAA YAzt & 69T

Z00M 24 ANFA ARAEE £YY FAE dAzIFHeE Yeld R
ojth, AW ¢ FAHL JEY A4 ARYFA & ALt T
€ Aoltl, A=A o] g dur} AZEET) 15 % o] Al wtEH =

N
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B el ol& HFgHl i dMLEI FrALERT ¢ 5T
FE A FAHA gRoz wtdAch, O 2-132 L3N WA
8 &2 AHAEY ol EH(LHYH o] ofzfof st A7 uwl
ol ofAE 2 EAdUAE Ay wol WA Hch), dMFA, A 9%
H 2= UEld Zojrh, d4e 2EE Waute] 229 YHFHoR o
Ast] HHHI gl AS o 5 Aok oy 2 WYL o] ¥ rj2
HENAE FAW ZYOR YEiRc), 4t 28 378 22L& ¢
5C FE2 HAE Rotd ol =Y ANHY F¥olyct. oy
2-14,2-15,2-162 F7|E 52.6C, AUEE 21.7%, LA &5 74.1C
o 2339 AFHE uvehd ZAdu FYY A¥E molm gl Iy
2-17,2-18,2-19% F7IRE 44.4TC, HUFE 48.3%, LAl 2% 103C
g 239 AAXE vetd Add gatnte] x5 gol HeyLI &
FE Ao AR R Yo thE Z VL FUW Ao AL,

39 2-202 A=z FUILE 70, 80C, AHUYSEE 35 50% 2PN 1L
32 AAE A2IFHo2 VErE Ao,

39 2-21,2-22%& 70T L2EET AZZAAE /NSy A4ARLRY
2 vlastel vEhd Zlojth, AW ARAKEETL 15% o w2
AL gy ole AZRWAAO |25 30-60T o Wl AHA
HAEAH 3t A Rel7] dfEeo] 70T 2HoNE A7 AxE Roz
ckigl=3
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2 2§ 2-330) W& Fo| vehdth Aite] F2= HF weuld
AYA FAAAL 23 2-330] 48 o] y = - 0,0072 x + 0.6054 ( y: ¥
F4], &% x: 44 BFLE,C: R*= 0,92) 4 = gt

a3 2-34E Hud dHy £58Y AAE vEld AdY A8 EHA
BAYo] HAsict, APAAAL 7o) LEhd upel o] y = -71.932
x + 63,61 (y:erdA $&&, % x: ¥YfH], &4 R%=0,91)0|T), ol B
o] AzHTF +HE Yol Mk AL sty AF &0 WA st
HA 3 F3& uf7] gste] 23] &35t JAeg N} A F
(1985) % ZxjQitol cigt dFolA fAY ZE B bt gl

3. AuAed QY AYPE Ay

7t ANBZA

AP YAANEE oA E AR F FZHA(FA ) =
17t FAY ANEE AT ¥ LHE EMsle £48 ARE AE3)
st

w4y

1) ALEUgEe] 33

AR R FgL zh JAZRE AndoF(1971)8] o] 231 £
X% n-butanol FEHFWPOT RAIEY EYES B F #Y 5Fd)
o Fgder ZAXIFZE AFAT. F AZUZEY Eel FHFL
AMAEZRE 348 ZAEJ FYES diRtEo] &3AH 0.45m
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=

membrane filter® oj2}5le] HPLCE EA3IPchH( AL 5,1987: %

5,1979), o] u] A}4-¥ HPLCY VWaters Associates Model 244F, A YL

[eal

¥ 2-14 12X g4 4= gﬁ Ao &
A | €% | A2A | A2F | 5L | 5L | FF  |9Hd4s4H
NE | X A4 AR [ (FF) [(v13)| ggy] [(HE2s
(c) (c) (mm) (mm) (%) (%) (MR) (c)
22 26.01 | 17.02 | 34.57 | 57.19 | 0.14 | 66.4
(A2) ) ) ' ' ' '
120 40 26.68 | 17.83 | 33.16 | 55.32 | 0.10 | 71.3
50 23.95 | 15.75 | 34.25 | 56.76 | 0.08 | 74.4
22
23.22 | 14.83 | 36.13 | 59.21 | 0.19 | s5.1
(Ad2)
100 40 95.34 | 17.88 | 29.44 | 50.21 | 0.19 | 59.9
50 25.65 | 17.74 | 30.85 | 52.18 | 0.13 | 62.3
22
24.10 | 18.01 | 25.28 | 44.16 | 0.32 | 45.8
(A=)
80 40 25.33 | 19.19 | 24.24 | 42.60 | 0,13 | 50.5
50 26.40 | 18.79 | 28.85 | 49.38 | 0.21 | 52.4
99 50 25.11 | 20.15 | 19.75 | 35.60 | 0.35 | 34.9
(&) 60 24.80 | 19.55 | 21,19 | 37.89 | 0.34 39,9
- 88 .
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80 r
70 f

60
y =-71.932x + 63.609

R? = 0.9143
[ ]

50 F

40 p

F=E2 (%)

30 r

20 f

10

0 i ' L A A A
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04

& +tl (MR)

3% 2-34, HF Yol wE WY £58L A%

Lichrosorb NH2(Merck, 10im, 25x0.46cm 1.D.)&, A&J:

differential refractometer RI 401 & AM&3st43L, o] F42

acetonitrile/water/n-butanol(80:20:10, v/v)& A&3}%ic},

2) ®el%s

A& 5goll 1091%F] 80% WH&E 713t 75C &RojAM HHRYLE
43 9HE 3& 3y tE AY Sk & ARES Fo &34
2 g EYdqFe $1 de22 & EYIto AP JES AAA
Fch oA 2 ¢3E FEH 2-HEEE F& EYIlq AEL HEL
HAAND F 3% $F3}3L 10008 Foj &3}ste] HPLC 4§ HYo
23tgct, §2 TS HPLCE o] 23} Lichrosorb-NH2 column (Merck Co,

_91-
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10im, 4mm IDX 250mm)o] SIHEUEY/E(84:16, v/v)& o] FALE 3o
FHEHAEVIRDE & Fgstde(a &, 1996).

3) dYA e A2 A4 Alxd 4& %

F 2-155 ¥ 4 14 A5 A2 AlageM dEAedR
ZRE A4 Al2d 8 €2 Vel Aoln] E2-162 ARWEY
AZAYE2AE Yeld ot E 2-160]4 A F3 UL Ul 71FGA7}
dFAZY 1 5F Aoy ¥2¥gI= ¥¥s7|elA 50C, 50%BRH
ZZoAM 100 A} 5 A2Y 4ol E 2-172 Feld FHFE £
¥ Hoirl, MY A22T EHodAdE A22A Y HE g¥d= 2
Fdo] Gl ALl Neyy W AFAN FAY 15T A4 vz}
oAE FFAHE Il o} oA’ njFo] AW o ARZXAY o
2 Y JE HY¥e 93 AL A Ul HEAR 4 el

Ty AL G Aoz AL

A9 423 9N AE A&
AzA 29 ¥ 2527

Aade) AAAE2 2Py HEF A7 FAEAY] fle e
o4 ofuix] H&S) Aol AREU Friste] 28 g Fojob gk
3 WD AE 5 A= A2YY ARG 2A& EA5
f8tel o HolM BNY Azt Az 4T wel WYHEANE WA 2
E3sloof gich,

AzgPe M wl Az 208 2 Y4 08 457 $
sto] §1elAQ AF2A (AN S5 100C, EF FA )M A A=

_92_
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E 2-15 dEAE A= A AlEd 48 $P(AIEX)

Crude Ginsenoside

AlE .
sapomn| Rh; | Rbz | Re | Rd | Re | Rf | Rgi |Total

Re-1| 373 | 022|009 | 009 | 002|007 |007 | 023 | 079
R.-2 | 383 [022|010 (011 | 002 | 010 | 0.06 | 0.20 | 0.81
R:-3 | 339 | 019 |0.08 | 010|002 | 0.10 | 0.07 | 0.16 | 0.72
Ro-4 | 388 (027 (012|014 | 002|012 | 0.08 | 0.24 | 0.99
Re-5| 392 | 028|012 012|003 | 015 0.09 | 0.29 | 1.08
R.-6 | 368 | 0.17 | 0.07 | 0.07 | 0.02 | 0.10 | 0.07 | 0.18 | 0.68
R»-7 | 322 | 018 | 0.06 | 007 | 0.02 | 0.10 | 0.05 | 0.14 | 0.62
R:-8 | 371 (028|014 | 015 | 0.02 | 0.14 | 008 [ 031 | 1.12
R:-9 | 359 |025]0.10 | 012 | 002 | 012 | 0.07 | 0.25 | 0.93
Re-10( 334 | 017 |0.07 | 0.08 | 0,02 | 0.09 | 0.04 | 0.14 | 0.61
R.-11| 384 | 023 (010|012 | 002|014 | 0.08 | 0.21 | 0.90
Gn-1| 376 | 027 (008 (009|004 013|006 | 024|091
Ch-1| 367 | 022|010 012|003 | 013 | 007 | 0.22 | 0.89

o FUFE FAA A2AEE +UsHAT. AE FYTLS A=7
€Fo WY UL Ervh. £ AP ALH £ AEE U AHT
FAN2HE Fuztded ohE YA A 442 FHFoldrh

A4 FLF2 15080 gl e 18412 A&z 2 E AHE +HYssct
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¥ 2-16 AEHI} AR H¥E=2A

PE-A dzzd NER dz=d
= | BAW |[@BEE| 5 | BAT |[dEe=
Lx(T) (C) 2E(T) (C)
5 I N P R
. Rp-9 80 -
Ry-3 120 40 ' e
Ro-4 120 50 Re-10 100 A
Rz : 50 20 Rs-11 120 B a
2 Gn-1 | A|2374¢ 50
Ry-6 80 50 chal | REERE "
Ry-7 F A g 50

E 2-17 AgNd 32 JdiY] frew B2(AZ7E)

Sample | Fructose | Glucose | Sucrose | Maltose Total
Re-1 1.12 1.78 16.44 3.33 22,67
Rz-2 1.27 147 23.47 3.63 29.84
Re-3 1.11 151 21.60 6.68 30.90
Rz-4 2.99 3.15 24.43 4.73 34.90
Ra-5 2.19 135 22.66 0.98 27.18
Ro-6 1.08 1.29 21.72 149 26,58
Ro-7 0.36 0.84 23.21 2.30 26.71
R2-8 0.27 0.45 27.15 0.77 28.64
Rz-9 0.53 0.66 24.06 1.02 26.27
R2-10 0.35 0.42 20.98 0.85 22.64
Re-11 2.44 2.12 26.83 2.60 33.99
Gn-1 0.56 0.80 36.27 62 37.63
Ch-1 0.59 0.51 2825 0.50 29.85
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M

>

o

1o

E 2-182 AZXA o] wWE AxV) Y EHEIN 4B SsE vay

Aojtt,

F 2-18 Az wWE Ax7] AL F5YAS vl

; -
N P il i R e R
0B) | ohanl [ oqugn |STBHESEN ARE | AEE
- il i SRV ROSTI RS
0 1.0 0 0 - - - =
2 0.81 1.5 1.5 0.22 0.53 31.2 31.2
4 0.65 1.4 2.8 0.25 0.56 27.1 29,2
6 0.51 1.4 4.2 0.29 0. 60 22.9 27.1
8 0.41 1.4 5.6 0.38 0.66 17.5 24,7
10 0.32 1.5 7.1 0.47 0.73 14.2 22.5
12 0.26 1.3 | 8.4 0. 59 0.79 11.4 20.8
14 0.20 1.4 9.8 0.67 0,85 10,0 19.2
16 0.16 1.4 11.2 1.1 0.93 57 17.5
18 0.12 1.4 12.5 1.0 1.0 6.7 16.4

Fo|A Ee AzRA %ol FrYe wel AzxYeFIAsE Fsta
N2 dE&2 ZAasta ook olgdt W4E #pulst Zagte] uhal
Azt A F71Ucie A& Yoyt 2Y 2-35& AxA| L
mhel gheu], 2308 AReYA], FE dEZS veld Aoz A Az
AR FE J2UAE Hxsdy H4elgt Al Bl oo
el dEEE A4 P2 AL wWAdel & uehy Q. g
2-362 A=A o] wE 4], wF A2AUA, rF dESE el

RO2A A28 F7to] uiz} fevle Aets P2 Bas) £3
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NEEA :

!

b

JA

1r " 35

5 5 7 A (%) 1%
' £ 722X 0 L KI(kwh) _
g —8— &t 4 HI(MR) 12 5
g 0.6 : o0 M
. g R
5 g A
< E 15 O
W 0.4 2 of
£ 3
{08
0.2 g 1

g 5

0 f 5

0 2 4 6 8 10 12 14 16 18
HEAIZE

a9 2-35, AZAZ] whE §u], FpE A=oyA W AXE

™ —e— 24 HI(MR) 1
—&— = H 2 X 0l A Kl(kwh)
— T X ABF(%) 130 o
0.8 of
] Bl
_ -
= J
s 06 i ’
z 20 g
= =
3 116 3
50 0.4 =
K
110 =
0.2 p
ls oF
5 0

0 2 4 6 8 10 12 14 16 18
AZAZ

3% 2-36. AZA wE Heu], w3 AxouA 9l dESE
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AzoUA Y LRAELE A AMAos WYL BT FI
FUE AL A5H P4 Yelg AU wF dEES JHFA
28] & JHche A& ¢4 At

27 2-372 ARAZ 1247 FQ A AE FYF(10%, 1508)
Z70] wpel dAFAHEE, AXF7(UFIILSE) % ART] FHY
AYLEe HIE d&302 SAY Aot A=J] YRY F7L
EE AY dFsAT AAFMLEE A o] F7tel wiat 7] 242
7tA FA43 Fbsicizl 2 Fole @] A% IR e Rl
SAQolth oyt WAL F7E WAHY BAdE F45A] g
QAL BAEE 4317 wj&olct, Y M= AL A3 F
Zhete V3L Hab F4ES FUU Wste] AM Az UYL
wtgl EROA FL o] Tadte £E FUMPel #HL87 dE
o2 ENdc Q4 FYF 108 A 1508 AL w2y By
Az7] FH AUYLEY Ao Kt} 4t A2 & Ao|& By ¢
LYY FYS FUY AL vehdrh

a2y 2-382 AzA|Ze] wE wj&Fr] gz v e o
ste] FUF 1082} 1508 2A& vlayg Aot wM&3Fr Aug=Es
1508 220] 20% = o A Uehtu Seule AL wlxdtA AL
I oglth o]ZAL 1509 2 A2 F/LET ¢ W2 Fo] FH of
ol Tl H+HA YALEANE RUZe]l FI5I7] w & ez
y $£& FLLE UolAe A& A4Y + Al

_97—
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=l BE (ROST'EOT) &L H1 kigh foiz
FEZThE e B I3UERER &h ITIFSHFPR = b2IvrER L8-7 BT
el
A oL 8 9 ¥ 2 0
1] . L] ] L] 4 13 1] L] L] L O
g--n--o--o0--0o--0--o--g--0--Q-- [ N PR
o--0--0--p--g--g--g -_u--n_.-n_-._u-.n:n.-u--u--n--n.-n_
4 ot
> 40,
o .U\..ﬁl.u.li..ﬂ 2 N
S o408
X H1
ST =
Oug--0-" --o-.o-.0--0-.o--o-.O--O.-o--o.-o--o--o.-O..o..“m...b. o4 0o &
.-Xv.x
0S
09
0L

- 98 -

s BOLALE 2/ s8R



NEEX

3

o BN AZ

ir & 1100
0.8 | { 80
g IS " sl =
o
Sosf x % "\x X 1 60 ﬁ;
ﬁ ° ° g\\\o ° 0
woal ° n\\§° 1 40 g
SO (%) - - - - - e <
& 2 Hi(MR) T
021 ~X—150 B —o—10 B 1%
0 'l AL [ | L L A O
0 2 4 6 8 10 12

HEAIZH

a3 2-38. AR B0 wE v)&FY AriGEet §h4u] Htel] ot
o)k 1087} 1508 RUE H=L

QAR ) e ATE EAel @ vl wwAe H3te HEs 4 o
Bol dzAadY d24YE LAY ¢ WAL BUAY o2 W
Hrh AERNE AW L7 A% et =AY © Yol A
A HEZ AR SE 120 ColgelNE Yol &% FU A 4
Y Ao VAT Aske HYYEL B AWA WA
223 edd] gy WHE AFHA gt AREE Y w2 D
ZolUx ZEE $& YA LE 10T, YFLE BN (FE) 2hL
Auaste) $37 Qo) Aelshd YA LE 100C, dFLE FA (Y
£)8 AzzAo] A2EYH U ZEWIM Y HAe Azxz
o2 AT A AA +¥A e 9-1080] o AFE AN ¢

(lo
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A% g 13%(w.b) 742 Ak A2 AJEdE & U FEY AT
o] 0% Aoz wddcrh Waj URY FAR WYL 3-44e Az
AN A28 E A ¥ay o 2425 vig w27 o] AxEYy
718t AAE 7tA Lt} 71Le] njf W2 F9 5 oo wal &
T WUIAE & AU €FY LEE HEFF oUA A& §
Ln2 23 AR E€FY 5L 20T =T APY Ao k)

it

Z 10 2 A AZA2RY ML AR

1. A= g3 A= 4%

BF €3N AR A4 ARANL2HY ALY NS AEHT
et dzL3) A2 Y& FUYYo2 PESAL).

E 2-19¢ 44 FUFgo W& A7 Heg FYHLE Yeld =
ojct, EolM R 1508 FYU2AL 128 & Zojl AYo] o] FojA A
oz Az7 F4Y AU FrISE7 ¢ 5CTEA 108 £ R} 17T
A= o Wit o Ao Az WYY ARFI] L= 108 2 A
Hrp defdez 12C 3= o WA HAad A4 FIREE 9T I =
o wolth whetd AzAUAE 208 A= o LW EHAAT HF e
= 92 Y gl AALE Py o AZRRA] 1507 FUAT
S8 AA T Az QAL 9] ol A EAHAEG ol Az
718] %ol AR Fggo] Fasitis A& duigict, ARTYY o8
E TLE At HA FUY FHY YA UEL EssAw 4
U va dHoR ok FE f32YU 4 e ZoE AL, B A7
of d M AlAES Aoz B o Ho Y A ALE FH JE
L2 15008 o]4o® UTEM o] Ax FYios ARIY AL
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65% o|go® SFAHr) EYU ARV HEEr e 3800
kJ/kg-water ©|3l2 o ZFE ] GF AR vlagcd 2,58 ol I &)
S A8 s},

E 2-19 A4 FYJol wE A=) 45 via
(IR 100C, F& &2, 12 A2 A=)

T+ # 10 §¢ | 150H F4
2% <l (MR) 0.19 0.26
A2F7 FFLE(T) 56, 3 4.5
AME4H FFE2E(T) 55.1 46.3
A4FH Hol FFLE(T) 62.6 54.1
AULE(C) 21.9 5.0
A7) AFciEE(% RH) 83.4 80.5
W &F7] AelE=(% RH) 45.8 64.7
A zo ) (k¥h) 6.8 8.4
A7) 45 7A 4 (kd/kg-water) 103496 11414
A7) dIHE(%) 2.3 20.8

2. 9F3 ¥HAY AE A4 A AxAAHY £
HEHA A AMAR A28 N oyx] X} A2 &3 W
HEE 5F T8 FTUALE 28y 0 B AFolA ALy A}E ¥y
< UEFAFriA Ut 2 ATl N Auy ABE Yo ML
TEE 4T o ot AL Fdsta d4w 2o 4o e
Zo] YelFoletn Aztyct, EE WA SFPolu X gL Y 59
oJfE WRY 4= dvt. 22 steHE 13 Fdel 24 A2 FEI
HES o|$HEY 458 23Y 4 Y& 2ol $2 A2 BYHL},

oyt Ax AlARe] £FL T 3000WY $4e A2y 4 Y A
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ol ARJ) FAEL 65% FEE oG YNIJLE 3279 Hy
dEEE 0% FEE YAEE njf S48 5 ATt A=Y 4
ct,

¥ 2-39, 29 2-40, 392-412 AU €F LAIH HE A%
A dzAlade] eyt 333 =doltl

A114d A &

B dFoMe A9 AEHA ARE Y3 V& EFA= Yy
MEE Ax7Ied 2394 A= Y E 2UY A4A Az=N29E A%
S Must AA AzAsta, AFEL HY Ae2AE FEN Y
A2 MY AR Po& FUHLE M3t A4 HFH A=A &
HE AdA @gdstazt stqct. Fo ZAE fLostd ot

1. 948 sEHAAsE e AES 28 H4Ed Fasla 2=

Rhe] 42 Urixten 2x9 tigAe2 vetd 4 sich

2. 2% 30-80C H4lo] HEY ¢ e AXYFHLS AHEY RY=A

MR = C; + C; Lnt (MR: §4eu], &4 t: A2 XZF)6]] cf s}

([t

C; = 0.8099 - 0,0003988 T + 0.003215 RH

C: = - 0.1564 - 0.001082 T - 0.0006451 RH

(T: A2F7] 2=,T : RH: BUFE, ) 22 EAFH A}
3. €F3 €4 A& A4 A ARAAHY AR ES ALHA
o AlFES AP 9 AFTHE) U AR E4HUAL
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IF LA AL A% U4 ARALHY s

g 2-39,

2
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b2 KLBA
=phik

dF HYYL HE A4 A d=ALHY BHE

a3 2-40,
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o P 50 %20 s
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«[Ja2]a[]go30 03Q=0
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«[]e[]=[]sog0 o38O
o— 5O 80 0@
mo._HT_H_mouwo o2g 20
o[ o[ 180 50 03@®
_H_ _Umomo Ow@&@
~J=~Je[Jgog0 o5Q50
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e :
B
BERiz :
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»3EgE s
dhdll S
< < 10 W © ..«_W

=
1
Hl

» Hgk
dplix o Ve
T=PSugEmEe.
aiamemeﬂﬂs
BFACRERNT ooz
ﬂdﬂmﬂwﬂﬂiw
Fe® e es
FWSEITTTTT S
NN ORAR8Y

OF 2-41 ¥ €344 AE A4 Ay d=AA-Y Ao

- 105 -

ok



NEEN:

ol
—

b

feall

4. NZE AZNAHAN AXAYE +RY A3 22 guzA A
Ae Az2sde o YAYH Az JePAsT ATA=: 46
}A 40 1/3 4208 EMEr},

5. 12 A 5¢ 44 AZE 9 o A4 2x=9 HF HeHle
el dte §54& Eqon, MY AL y = -0.0072 x + 0.6054
(y: 32 ¥4u], x: JALE,T: R* = 0.92)28 EAE )

6. 321 A=, AT WHY P 6AT AR 64 WHY YN e
2 A4 o F UARY AR FAYY Aol UEA dgond
EQ A4 Az Hads uE E Aelst flach A2 ot
¥4 ELEN Wy A=y 2 AY Q& Aeg wnigdch

7. A2E dAE HAEAZ NEFE SFY A L3P Papuy 2
EE 150CE @ 240 A2™E A4 YHE a4g W] AL
W AF 1 5F d4H unzstdg o M Xolst A=A 3
ARt 100C o} 3te] WA LExAGAN AZE ML 1 FF 4=
Alastel & wf A=k Aolst AFEHA skl

8. A4y WHA $3EL 35-60% HHE st HF guls
RhlE PBAE 7txle Aoz EHEAcL

HAAL y = -71,932 x + 63,609

(v: @RA $£28 % x HF 4], £4: B* = 0,91) o1qich,

9. Ay A2z HHdMEe A2AN i JEARIY R
2ol FAAHOl gle Ao EMH YU

10, A2AIZ 2208 A2 qURE fFAgev 73 Az Qi
S Y4ulot go| X ey4 Yel2 AL}, 28U w3 A=Y
A9t A AL AY UYL E Frsta 43T
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NEEXN

b

11, dz2 Ao| Frigde] wet AR7) R A=z F7S=EE A4
dRstg o A4y 2EE 27 2% FEA FH3 Ao ¥ A
o2 vty F7sdch

12. A= Aade sk AHY Fo| FIFE 2EEE AY
Aol 7 fgeut dEEL FUF F7HE&el vlEsty FA%E BE¥E
VER 9 et

13. 4= A& H3 A5A2 43P FAUe] = 100C, &
F&r BA(AL), ARFJ 4= 0.20/s , 9502 PO E £4
Hgon o] AN ¢AAR P4& 13%(w.b)7Ax] ARsEo] 28
He A% 24N BER EMEHYT. ER A4 FUFS o=
319 w) XL o 65 AT EMFH AT

14, A€ 43 AP H A4 A5 di A= 29 A=A
< A3t
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ANEEH :

!

H3a oo = Al=do/d =22 MY
13 M A

SAER AEY AR oA A2 £00Ux] A, IARES E
A Uz, 2 ARFFY & AL & €] HaE 2
Z33& Moty AP JA=2YPy} A22JE FESHE Ao FUR
Tl %83},

AzA4 & 3438 71¢¥ 4 9 simulation modelo] g chd
2 =3} A ge] R3FHE AA ARAYE it computer E LAY
o] 7hsdtn, ol AMEL AX/EH A=Y Ad, 23 Az
e 2 53 dEE A7) € Eo] E ZojEta UWHL.

ntetd & dFeME, A2EEE EAY FEHIUYLE 343t
AdAl QFEARY simulation model & 7jUdtx I $LAH L AESIA
stalth. & o]l & AMEsle, d4tY dFE AR FF =AY dAuy A3
of BA ARALY Ao Ae s FUYL JEH2E FH3ATL

AEY A2 71H BHFLE olfHE dF42: 71EE FAE 3
A NAZRE $F, tFel A3l 2ol Yoy UL T3
He2AM, vias D FAL oy HES A2Y £ AT A=
o E4d¥ 9 iyt odux] £8 o] ©Ho2 AH{HI St °olF
T EARES A% Astd W Aol AURdEd, 53 3
g, ntelazy, wrle 52 L 4F AAIIME A YAZRE
ZA}, 3E°] 713 U g Ao ¥E32A s o] 2 AFE
b gl

oM e ANBHY vlolaMe] FUP o] F3n, 2.5~5.0mE
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BAZ A9 2 LeE YHrh, o F €3 A2 3ol A A
fH4dg sty HAUHAE ohA 4.0~5 6mEE 1000m 7HA 2 A oH
o, WA, okAF, 2 F FAE AR & 2.5~10m] P F2 A
€53 glch (Sandu, 1986: Sakai and Hanzawa, 1994: Ratti and
Mujumdar, 1995). |3y AN €A 24 de] A2 Wayt
do] Hatel 23] FFEI ol @3t sFEALl: F e dAol
Aol zEFojol r}, meld & AFoME, olEE LA &t
Ay HUnFYIFAE AP o8 Fo|dl= computer programE 243

oz A4 €32 AR simulation model S 7|3} 4ich.

A2d Az AgdHold BdY sk o]E

g 94 HEY A2 F U4 e HHE Jledte A2 simulation
model & 2 A F FF2 EREch RE dzWgolel $E2& HUHE
o] I R Wx XEFEA, Page model, -F-A}¥AFE nmodel, Thompson
model, Wang model Fo| o]oll &3}m (Jayas et al,, 1991), M ARE2)
I+ L YLa Y AZAT B BAE BASS BB TY
2l WZA (lumped drying equation)o]2liix T, AL RE AZRW
FHES F 7 oAy miAESE EHsta e, JES AA A=A
Aol vy HARNE AA ARINY RE, HUGE, 34 54 2
< A2eAEY H42M ARHL

5 (1992a)2 AZRFI/LE 45F (30, 40, 50, 60C), Hulg= 4
& (30, 45, 60, 75%), AR A AU 34E (£, F, ) o=
=l

ZAHE AAst A A2YBAE Adsiolch. A4 A=2FA
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NEEA :

ol
—

SEE-

2 2372 &, AUEE, ANEY AP A AL, utel
A AzuAAY A4EES 2T A M e EY #4EAN AXH
dch. 2u o] A JiY WH4ES BF EHAH AT mAEss
AHE A olEY Be AYAe} vz 2 Aol& EMrh F, A=2F
712 EE, §5, A8 JAY ojw Helo] ot AR AU A
AzAo] A% AFAE vlaPyg o, 2 AHE= wHF2YA Espach
ojgte EAE EFC] AEY AzUAAEC], A2AHAM A A2F
el 7stety gl 43 AP Aow EPeR 3 2HE Y
e A¥Aogrie dl ZlAcia et gt

A=zA] (distributed drying equation)& I AR E UF oA
R0 5 & Auitte ¥, RAREE, FU-&F, & ESNE 452
22 7 e tiEt 443 JEg2Ry Ut F58 AR nodel2A 8
oA AFY AXMYHNEHTH: U& =dJd EAF /A & F
9lt} (Waananen et al., 1993). E4l% A= modeld HF ZEMY ®n|
E8AAY Yel& MNHAEE AY BE Ao £AHMY o7t & 7E
the ©8L AR FAzAY Azl ol thed A2AYENY
Hggo] Hojun AR F AAZEY 2=V vFZEA = &4
A g 4 e AP Z3 ook, 2Y, FIUSE B oflz ¥
AZRE UF g4& Tl dFo] stedin, 32 A2adFe] AR
e G¥E o= FE mojy 4 Ut &, LAY 84 +%43
7)&o] o] ol ofele Fick’'s 2nd lawe]l YT HUFYH EA2 A=
model, Q4 FA7lo] #AH AAE dute] WE=H AP x@sta o
oo, mMAESd FEFEYHUAS Do WY o2 e AX I
NeEY $42 EAHEE LY HE A2 FH2EAN O HEIHA

H
B4

ot
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7} Hlelue et ¥7lE wa gt

9 Defft

MR = 3% -7 exp (- £222F)

B’

A3A i EF A2 AEHeld 2dY MY

Ao d¥ARE the Z2 MM F wodel2 WA FASgTH &
AzE S2ABL o/fAH, FA2}F FY FEALESS LA
e] Fickian 422 7g¥d 4 A2, £ WHFYPL2W o Fir}
3 7p8stelct.

o x| njuH 4

M L2 [, ez, e B

o 27

PN

t=0; M(r;0)=Ml

1. e E49 23

S Ae o8 A UMY FAEBYAASL Do (T, M), BHUE
& Mo (Tur, chae)7t WO B, 2 dFo]ME The RES AHESHATH

7t FEFEHAAS Dosr (T, M)

do

[+
A5

o

g FEFEHUAST Dars H,EH] MR AXAL t2H BAE
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o] & slope o2 F8lgch. &, Fick’'s lawZ 7|lgEH & 9458 EA
Ao +R¥AEAL & iy go] FoA & (Crank, 1975), 47
A R Ad4EEe utAoln fnd 13X} Bessel {428 Zo|th.

2 Degt
R.

MR=n2 ;2 exD(_lgn )

¢e] RYF4E Foj s ARAL t7 AAE AA YUL2E F
B3l 2Asg £ Aok F, A ¥gurg 3z FEE In 2 OUBA
At e #ANE FEY ¢ dow, oJ2FE In MR} t N9 A
Z2FA9 &N 2RE DeE AXYE 4 UA Hrl

nMR = —5.78321;—“2—£

$12} g& slopeE A = o2 AHgFHO D7t FHAAY, £
AToME diY AzTHNE B T (1992a)0] FUY FAHAY A=
A¥4 MR=Aexp(—kt) & AH§3te] $AI33 o, HHFA P
o2 HM DrE ARG &, FEFERUNASE BE 259 Hego
wiel MEATI gEA gong, oF ¥ A2z B F (1992a)
of o3 WEH A4 EFAR WHAHLENE AYIE 5 E 0.2~
2.5 4%l WY 570 g &AM In MR vs, t FH2 J1&7] PES
Astol & F¥ ¥, o] hEo| ths) multiple regressiong A A A
L2 UFEE H4E ZE FEFLEHRUAS Denr? HAHE thE
o] P o, AL r’= 0.950322 wEZY W $£Fogch o
BEe a8z AEY B, FESEHRUASF Dart SEo4E A5H
4, TS E AsYde B AYFHA YFB/AT ATt d3A A2
U (Jayas et al., 1991), d4t¢] F¢ old3de "ol H4doe 2495
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NEEH

sRSE/BICBYIVICRE S EREE B IR

] 3 =6 ARt & U ALE eyt IAXEY FE
FEZJAAS D= A2 [HEE 7MY F2U FY T shitele A
3 A B FERLASd 25, U4 T VAL B BAEFH
t e g3l e 1Y w, dH4Y REFILHUAST Derrd
YUY FA DTt 22, US4E T FUuBA g FAAFY
Yadol dA=girh

Doy (T, M)=—0.21228x 10 "540,13968 % 10 T —0.13443 x 10 ~®T2
+0,55254 x 10~ 1T?

ANA, Dorr: A4S FAFEGRASL (n/hr), T: 2= ()

N

L]'. %%‘ﬂ'ﬁ’-% Me(Talr. rhalr)
HYYEEE M olefo} Z2 Oswin model® EAIE # 5 (1992b)9
A3 E AHgsioth
(0.1272 — 0.000742T ;)
th i 0.4164 — 0.001368 T &
( 1 —rhy )
AN, M.: BYEELE (db, dec), Tar: F718 % (°C), rhar: F7]

o] AMrigE (dec)

M. (Tair ,th air) =

2. MA B ARIAS £A34

golN £/ AN dFARY HHY RUdg #AHYHog Fo,
BN A F4E M(r, t)E F317] S AFLe2A, ¢ HuuEW
A& Crank-Nicholson method® ©]-§, SHAEZAA  (implicit
difference equation)2 2 T o] WHBAZ X, o/ s|zg
computer simulation program$ Fortran do] & ZAd &g, o] o] Ard

At Zo.8x 27} 1.16 mn} 30 secE A}E34 T},
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oM _ 1 0 oM
ot — T or [Deff(T.M)r "o ] ol A
j g My - M
Deff(T.M)r'%_I:/I i+%z (Dett)lrs tliy .+2r ‘ 9
5 o M-M
Deff(T,M)r%]i_%z (Dege)i-y tl_y I L 2 aasialA

s, 9 A9 $Re oed 2 AW Y2 dBAY,

[De“(T M)r

r or
M MY
~.]-_ (De“r—(?)i-‘-u _ (De“r ar )i.._%_
~r, Ar
='——r“(Ar)2 [(Deff)ji+'/€rji+',ﬁ(M{+1 ) (Deff)| 4rl /ﬁ( l 1)]

olm), 1 4g FRE7) A8 (Deg)ivx & D)o SAIGRLE
(Do) & AM2-31E,

_ (D) ( M. — 9rM + Y )
T (4n)? Iy yMity r;Mj ri-yuMi_;

ety EFHo g doxle e,
D i=2,~,n—1 o dAxE,
Mt — M
4t

= or (4n)? [ e {riouMiZ] = 2rMi™ + iy MiTH)

+ (Dei{risyMiy, — 2r,Ml + Ti-y Mi_1}]

. ML — M
7 a7 [ @l (T Mt - M+ (S M)
+ (Deff)i[(—i:OT&)M{H - 2M! + (li_—115 )M’;_l}]
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AN2REX:

olatol 2|F A X

(dr)*

— (242 ) 0wl M + (1 + 26001 M
~ B(424% ) (Dot i}
(%lii)( eff)gMg-f.l + (1 - Zﬂ(Deﬁ):)M:

+ 8 ) (el

@ i=1(&, r=0 dxe, 3422 S5 = 0o g8} Agol
M 2% Dy "’az 2 vHE, 73R ro(=r,—dr=—14n%
3 QAN FeE My(=M,) & =93 WA,

M - M

T a7 X220l (M = MY + 2(De) (M} ~ MY)]

o {14+ 48D M — 48(D ) 1T M
= 48(Der) 1M} + {1 — 48(Derr) i } M}
® i=n (Z,r=R) A, AA2d M=M, 27H,
w2 M, = M.(thy, Ta) & F0130

HA4A QA E€F A= A EgHold REY

1. AlEEeld 2 AF Uy

A A @F AR A EHA EHY HFE R4 g% 4
& &9 AA YNy g FFA (B F (1992a))& v, I
F4) &A1& (mean relative percentage deviation) P& A4tgro =
AAstach E, # 5 (1992a)9] {AHAY A2 P AT A&
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eto] Arjulax At ofziel o] HH FFYUexN&EE, d
el Az2AHA Follq A2AFY YiES AUl & 5 e &
FNE #4& 65%0 A 20871218 Yo ¥l &F $4£EH AX R
o 3 dFHE S FANE AA FHAE Ly EEHAY
¥, 3 BIERE Aiste YEEHY RHojr).

P(%) = 100% 3¢ gJY—;{Y—L

A7M, Y,Y:%7 A% B & grd  N:2FAY A
2. Agdold nYe AF A

ThE 23 3-1~3-62 & AFoA 7 4 dE AR sinulation
modele] 2% T4g o FX 2} ¥ F (1992a)0] ¥ FAGHY A=z
Mol A% &2 Y MY E st £ simulation modeld] YA
& AZ Y AFoltl.

27 3-104 ¢ o] AR FILE 30°C, AHUHE 30%8 ZANME=
2 7oA gy simulation modeld} fFAHAY AP BE
TE&E AA FFA R WA g Fsdct Az FILE 30°C, FUEx
60%2] ZAME & A7l /Y% simulation model 2 T &S AA
FREA R WA, FAEAY AZYAAL YU R} &A odFHec
(29 3-2), 2Y 3-39} 34 AR FIE 50°C, AUFE 30%8} A=
FILE 50°C, HUHE 45%2] Z$EM sinulation model®} fAPZALY
A2APY 33 HE5Y Y &Y E BAFLn, 53] simulation
model®] -9 ARAIZ 8AIZt o] FREE YA AL FUY A&A&
Hojzorl, Aoz fAgAY AzAYAL A2 w|ode FY¥E}
AR, dAxRJ)de £ 2x& BEdcta ¢8A ded, I¥W 3-33
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3-40] VERG A2 4 4N % FOY AFA 9} & % w22 HE
E o2 Z¥E AYAY 4 ddch

23 22¢ AR ZILE 70°C, AUSE 35% U 50%0 RANME
AY AN A27| e Wl P 27 A T FAGAY A2y
Hao] 23 &A= & 2LAE HoF oY, simulation modelo] 2§
q&AE A AXJZ F& AA A Aoz A3t (28
3-5, 3-6).

E 3-12 FFAHNLALE L3l o]y 3712 AzzA%NN ¥
T& &Y FHEE ZAY AHAE HiFa Ak {FARLY ARy
2 BE 11.3%, 8 AFoA AUy AZX sinulation model L T
15,.8%8] B AEE R & AN s8¢ sinulation modelo]
A4 HA d2AHF o&A o FERY Ro] Bolx|rt, ol P
AL SYUNELR 0.2-0.65, ARI|EL2E 0.25-1.857 48 ¥
glof chsiant ALY ARE 4Z4¥ch AW B o, £ dFoN
MEd A4 E8AR simulation model 7|2 ARAHA 3 A
o U &Y UL dEFEE A Utk 2berE gl
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2.5 3 ——=Simulation model
- o= AR

X AEx

I
n
o

L]

L]

A
T
—
o
T

0 4 8 12 16 20 24 28 32 36
HZEAZE (hr)

2% 3-1. AN EF3=2 F $4E WYo TY model o &) o
A&a) (AR FILE 30°C/ HuFE 30%)

3.0

2.5 % =——Simulation model
XX ys Cee RAHA

ook
0
N5 b
ol
1.0 F

ke

||0[]

05 |

0.0 | 1 1 i 1 1 A 1 I 1 L 1 i 1 I 1 1

0 4 8 12 16 20 24 28 32 36
ZZ=A|ZH (hr)

2 3-2. Ui 9FAR F UFE Ho] Y nodelof &9}
A& (AR B7ILE 0C/ HUSE 60%)
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3.0
25 = Simulation mods!
o~ TAHRHAEA
¥ o0 X A8
afo
MNi15 F
ol
$1.0
|k)ﬂ
0.5 | *XXR
p 4
0'0 1 1 1 ] 1 3 | [ L ) L
0 4 8 12 16 20 24 28 32 36
A Z=AI2E (hr)
3% 3-3. A3 4ER=E 2 YL Aol VY nodele) &2 2}
AlESA] (AR RIRE 50°C/ AUEGE 30%)
3.0 |
2.5 —=Simulation model
= TEALEHAA|
KH ‘ .
-RQ.O B X AR
n0 .
15 F
o
1.0 F
.|ol]
0.5 f
0.0 1 1 | Il 4 j 1 1 . - 1] A 1 ]
0 4 8 12 16 20 24 28 32 36
HZEAZE (hr)
33 34, A dFAR F ¥4E& Wil VR modelo] & X ¢}
A& (AR ZIILE 50°C/ AUESE 45%)
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3.0

2.5

—Simulation model

@ FAHRHAA
= 2.0 X AEx
o0
15
ol
1.0
||o|]
X
0.5 F X
XX XXXR ,
0.0 L L 1 1 i 1 L 1 Il i
0 4 8 12 16 20 24
H=EAZE (hr)
2% 3-5, A4 9E¥AX F g$4E& WY FY nodelof FA| &}
A& (AR F/)L-E 70°C/ HiFGE 35%)
3.0
2.5 —— Simulation model
= F-ALEHARA]
KH L
= 2.0 X A
w0
15
ol
1.0 }
||0u
X
05 F X x
0-0 L 1 L i L i 1 1 L
0 4 8 12 16 20 24
HZ=AIZE (hr)
a3y 3-6, YA €FEBR2R F U4 E Hilo] HY modeld FX 9}
A2 (AR FILE 70°C/ AhEGE 50%)
- 120 -
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X 3-1. QM €242 F U4 Hile] B simulation model
FAIZAY A2WPA Y FEA LA (%)

AzxF72% (°C) 30 50 70

UGS E (%) 30 60 30 45 35 50

Simulation model | 17,5 (11.7 [15.1 4.9 (23.3]22.2 15.8

SAgAy A=z (12,0 (10,9 9.3(13.2] 9.3 |13.3| 11.3

T A2 AEdold RdY

SAEYR AEY A= YolM AREEY F71, 48 ouyxg B,
NAZESY 54 48 ¥x & ¥ "€ =o] J]&AqAa it} o
€2 AXFEY /1% RAE Brt o # oYL= Az LY
wolglt A3, 25 AJE 2UY A2FFY A5y 9 JNAY, A
22 AzuA A, zea V& A2F3FY +3E BY AP
Adolets Wl ZHAE &Y 4 9lth

AzWE e Azt BA3te Wod (tempering)L F71EFo] & ¥
L e MAXEE YBAD At 2FHE usie], I Pyl wet
NAZE} YR % @ ¢ EAFHe] BEF AUHAY B EY
Adnte] gtgA e, FoJo HHYF S 2oy 7tFE WA A4S
BBl 3718 4842 EF VUAREY 4NN AKer £35Y
%3}7]x 8} (Ezeike and Otten, 1981), o]& gt ®lx 8o HFIT =
2 EF Ex A2 82 ¥ YAZEY FEUNY UL, FH FHAN

)
=4
3
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NI

1]

A

o
0z

1o

r

o ARL4E F71 9 o2 AY ANAL F2 2800UAY #HL Fol
RIE 3 9lt} (Brooker et al., 1992; Gustafson et al., 1983;
Velupillai and Verma, 1986).

E dFoaE, AR 39 ¢EAYLS Hudydoes MY A 4F3
Z¢] simulation tool& 7}uste] 2 FEAHE oln] AESFRZ, Hq7]A
OE o] &3te], Wy AHL Qi d3AR =AY NEL A=
Y @F BEAZR T BAAYE Yoz MY Yo a4
ol AN ARAZ 280Ul pA e Y& o]EHLE FHILA
st et

1. Qite] dF YA=R RALAHEHY W

Aite] dF FEAR BAMPE 3 ZH 02 FA=R+30E B
2, 302 @342 +608 WHY, 0% E3A2+90% AHIL L WHI
of ¢ 30% (F%7]2)8 F Y+E7tA ML ARAIE A /1A 2
A2y AT o W, 434z HF Y LY A A=
22L& Zg Frles 50°C, BUgE 45 W FrEE 20°C, ¥UEgE
6052 7}3stATt ol HAEYLE 2= 50°C, FriEE 45%2 EF
& A& Agste /Y APl Y BY 94 dAdrct. RAHHE
BU Az 220UAlY 24 A3 A4 AR ALY I A
¥ AzJo gyt AFYULY, o] B¢ E€F2 FHALH M Wy
o} EZ2H Eo| FF W (F% 100w’ /min, YA FY 20omHg, W HE
0.65, AE7] A& 0.75)0] 3 FFHE& RALE 7H¥ 33t

£ 2oadere A4y EF 28RN AMY AFL AL A%
EF 23g B39 Yy Aysgdens, ¥yy 3 A €% A
Z#3 3 oA 2 2 dFAAM 7 AL dolA ey €F A=

rir
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HU
i
S

o

lo

model & AH&-5}o )4 sttt

2. i 4% YR BRYAMYY A
Watel #Y AxYol whER 27 P5& o 75%(v.b. )Y FHS 2=
40~55°C, HUIAE 40~60%2] @Fol 23 13 U4E7x] AzxHE
o, 42448 Aol ¢ 2.5cnd H$ 55x 0] AL WL (B F,
1992a). 2% 3-73} 3-8 ¥ ¥ 3-2& w79 EFUX TUY AXFTF
AN 23E 2 o] AP E FUIHLE eI} (HUARYE N
A ze] ALY AE, ARANNIY A2 220U d&ALE LE)
3 gy,

27 480 FPINELE 73U YESMS o 2% PSR A
2AL o, F 28T A4 A2 F$E 33.54%, €FA=x F3
2 Wy L7hg 308+308, 302460, 30E+90LL0 T Bt o] & iy
AN pEAZ2 A 47 5054, 62417 W 68.5A %02 o &FH
et (7 3-7). ZZe] BHAZPoIAMY F AR 224200 A& A
ZW oMo @Azt wis) FH3I) 2u), 3w, e 47t ofd R
Hys TRAE 285 Fo) ¢ A2V ois AWFHAY GELE A
ZEin, B4 43 A% 4020 JELE 3pd BEARA HHF F
o] Ze AxY JdEe dF A7 4 1/3 9] s

3 Az 20X F AAZ 50CH €Fo] /A RAEIZAIZLS ¢
Az 23 Ay 33 2 Ague wHIEE, 23 3-8d4
Zo| A4ARY ZALE 3B.5A%0AR A PR Boe 44
25.5A12t, 21Xt @ 17.5A ol glct, ¥, AzFrY tdd W 5
of Way el Aztg oyAY FFXE& 77t 218.5MI3 2.4MIEA,
A ARIN dH £8FHE $F U €F3ARX T Aats
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NI

X :

| Ab

t 4 Uz Lede w3 A FEULER, F 3-200M % Zo| 7
Azd T BN 200U v A fFEA=ZALY H|g} E Aol &
Hojz] Qbstrl.

Azel BA dUIHoR AFHE ¥ ¥ F A 1A
ZE U5 A4S Tl B o2 AW & FFNY Az4E
Z718 & 4 Arh. 319 3-99 3-102 £%I&E BF ©$4&o 4
6052t 33 wf, WY L ¥ Y F A2F LN AzE=
E d&std 2 Azyg d2 way Aol Az 27 B £ dE
BT g 60571 9 A4 FAFEECHE v o wel A
2oy, A27 oS AP wel d4 UF HAE A2EEE F
Aol Hojzt H32 FH22Ye W A4F HA} Folx|s FPo) ¥
dE gk 2Eu, 2N & £ ARl ¥HY AP £F W AW
Ao At WE Az&zo WHE AR ot oY Ae
B Ao AREY Hny %Y Y, & AHY HAy JFL AL
N&BF 23AE B3t Pgadcke AR AW wdo] AR Uy F
BEch Aay uigl o], ®HY FLAME F2FFo] A% Az
T4 APEHPoH ol 233 WAXE WYY U4E Tl Fuels
W AN ne EeldtA AERe Ao AAHAcL,
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NEEH

o

I

of 7

I 3-2. A @I BUARA AzAANI L 200Ux]9) &3t

| AEMUAZ | gEVYAZ | QBNYA=R
_ ﬂ‘ﬁ-@%{'& (30 +30min) | (30 +60min) | (30+90 min)
¥ A2z 33.5 50.5 62.0 68.5
(hr)
FEAZN 2 33,5 25.5 21,0, 17.5
(hr). ‘ i
Az3F7 e
S i) 7,319 5,571 4,588 3 823
e R N
e 8 122 | . 150 }65__
?MJ?QOHU] A 7, 400 5,693 4,738 3, 988
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3.0
+ EEZMZE (30430 min)

2.5 o @EIZIE (30+60 min)
m s x YEZIYZI=E (30+90 min)
= 2 — AL AENZT
0
RN
o
o o g*ﬁ t]

RS
i + toeg 05555
0.5 ”****+§§§§§§§§555555555sayxxmx
0.0 PR TSNS S SO WA DN WA SUNY TSN SN ST TR S T

0 8 16 24 32 40 48 56 64
EE UZAQAIZL (hr)

3% 3-7. 48 TEA=RA F ARLeATo @ E Y VS
g W\ & (AR F7IE 50°C/ PG E 45%)

3.0

25 + FEUEAZ (30+30 min)
. o YEZHEZIE (30+60 min)
ke 20 F x FEZHHZ = (30+90 min)
N — o
SRR
ol
1.0 }
||o[|

0.5 F

0.0 L ] i 1 1 L 1 L L L L [ 3 3 1 [

0 4 8 12 16 20 24 28 32
& HZ=AL2A 2 (hr)

a7 3-8, FGEVNYARA FHAZAD wE Aa 49
Wi o (AR FI7)RE 50°C/ AU FE 45%)

- 126 -
NEEX:a 2H AX U FE NS BIALE HE /s8R



@ ° e " EZH Y Z (30+30 min)
K — HEZHH 7 = (30+60 min)
oy o~ G2 2 = (30+90 min)
— AR UBUE
O 1 1 1 g
0.00 0.27 0.55 0.82

B w21 % (i/R)

3% 3-9, AZXF U+ & 60% (wb)Y wl AR 2 9jx| e A2
& AREE (AR F7IL= 50°C/ BoiFE 45%)

12
= G E 22 = (30+30 min)
= —— Y EZHEZ = (30+60 min)
g8r —6- R £ 77 = (30+90 min)
> — UEYEUZ)
.
i
M o4r
<

0.00 0.27 0.55 0.82
i g x| (1/R)

3y 3-10. A2F ¥4& 33% (wb)Yg w) AR 2} 9 xjoA g
& AZ&GE (AR FI72E 50°C/ AFE 45%)
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AA=EX:

A6Ad i HFYJAH AR AEYolH B
7h

ool A} A AZAX simulation model}ts @a] QAate] WA
AR simulation model> Ao WAt do| FAto] g3 FFEH7 wg
of & W SEHoIE F Y A& T cifol HER, o] F
N BRE A4F J&dte NS FHE Ay Ze IS
H§3, ol& A3 ox Foldle computer programg GOSN
Autstgch. o] modelof A& A4S A A=y Fo € % ¢
Ag2 A NRYBeEw shesta, oy AYPALS B FYALE
Fickian ¥AtA o] ZAYUC shggon, Hatel o3 sAdzEo] A
H 43 d NHEEY quE WHE AFESA R Edov I
D& (Fasina et al., 1998), @i W Y84 FAzA 2 ¢}
o A4

t=0; M(r,00=M;, T(,0) =T,

—n. M _ OT _
I""'O’ or _0: ar =0

r=R; M=Me(Tainrhair)'

oT _ _ 0 (, M
k or - h(Tair T) +LvDeff or (pb 1+M ) +de
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1. de €49 23
R He Bolg e A A8 stA BEHA W JE Az B
E AxEY ol asiH, 8 dFoA ALY FELS e gl

7h FEFEZAA S Dore (T, M)
Adixre] FEFEHUASE Dorrs U2l YF AR sinulationd $8] 7y
T Az U A& A&y

L]'- Sgﬂgg-..’;:% Me(Talr. Malr)
A BHEYLE M. A U EFAR sinulationd] 9 ST A
& AH&stgrc.

th. dAEAS k(T, M)

U2 AA=ASG ke @ HEE Y22 8to] Sweat (1986)7 7
T HEY JEUTI dAEAS Y HAHA e g Aesd
th A7, Xe, Xo, Xr, Ko, Xeb ZZ 442 BAY ©@S$3E, Bwja,
1%, HE, £ oo, YRAHY $4 F$, 1008 A
< ©r¥E 20.2g, @4 4,58, AW 0.3g, HE 1.4g $E 71.8g,
7IEISE 1.8z 2 AFUonR o|2XRE 2zt HEe Hu|E Aiks)
o dAZA+E T4t

k [W/m°C]=0.25X.+0.155X,+ 0.16 X+ 0.135X, + 0.58X,,

N

M

Zh A4S FEIYE pu (M)
Y4&o] M(db, dec)dl AAAES AR WE p= TS} Po| J&
% 4 glen, o W, M2 4&42 EAY AYIE H4&oH, pt B
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o UE, pot #43) A=Y da (U4E %) ZHI) Yxo|r},

o1 + M)
1+ Ly

Pro Bk AlEY RAL FuE JA FYst it &, 50°c2 &
AY 28 FoA 25U} et AL fARA AzE HARE
TE F, A Ay NEE FEJ S FEAY odo] @ AU faugl
ool gol 2 dre Aolg ¢lgozd RIF FHAL, A8 FA
v AAAZE SPsoch 5NESE AT A FI} dolF Qaite

AEUEE 929 kg/m'o] &l T},

o[ kg total/m® total] =

ap, A4te) Wl 4E (M)

A4 v o FA] Gt HES YLz 3o ALY NEY 4EY
F4 uld Y M4 Y i A (Singh and Heldman, 1993)0. 23 ¥}
%}, |

cp [k]J/kg total °C] = 1,424 X .+ 1.549X ,+ 1.675X+0.837X, +4.187X ,,

o, B¢ Fwdd L.(T)
T LAY Ados ohg2 22 ¥4 (Brooker, 1967)& AM&3}
o},

L, [kJ/kg water] = 3.11x10% — 2.38(T + 273)

bt FEAEAS h
HREVEAS he 71 FYY] o] 322 o e dFo U@t
T A YA & AH§3le 3t ct (Geankoplis, 1983). 7] A, Nu, Re,

Pri 2}2} Nusselt number, Reynolds number @ Prandtl numbero]nj, &
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AFALA A Y Qd4te] LFYH A2AYE 2P0 W& hitd HY
E oF 14W/n’°CE AAtE g}

Nu = 34 = ¢.683Re®* pr !/

of, Bl @AY flux Qrag

YA heatero A YAt HiAlE FI A Ee AdEHE ¢
flux qraa= TS 2|22 EHY = AT Aq7]AM, o+ Stefan-Boltzmann
42 5.669x10°0W/mK, ensl e 2t YAYA heaterel Ql4ate]
WAER, O k&S 242 0,859 0.6282 71 sl

[ (T peaer +273)* = (T +273)°]
e [W/m’] = e t1e=1

2. MF ERe] AEIA} 4384

A4t YHYM AR sinulation model S AEF PF WX simulation
model 2t RAIE Yo 2 suEdrt. &, EVAY} dAH #Y¢ F
Hoj B A g &3 AHE AN (implicit difference equation)o & 'H
B ¥, o]o] vi¥ computer simulation program& Fortran goj2
quozN 4o YAYM AR simulation model S 7Jusloith, o]

, FEAGE A oY ALY LS 48 EAZ modeld] AEA F
EY Az FYsin, dALHAL] Y AZYFAL kg Po] fE

= glct.
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ory - = [T, e 5] a1n

r ar
| i1~ T
k(T»M)f_ar— i+%z by Tiey _%‘;-—] o
J - - Ti—Ti
k(T'M)f%’;r" S Ki—y Ti-y ——iT"—l 2 2AIRAA

B, 8 A9 SUe thedt e ARYANY Yu= wpL

L[ Lo B = (e B )]
dr

xl'—[k(T M)r =5 ar ] ~

T (ilr)i [ij%rJH%(T’i“ = T ~ Kioyr oy (T = Th-y)]

od, R 4& TR AR Ky sk Koy SARCE KE AH3HE,
ki . . i
= = 410)? (rivuTiyr — 20T + 12 Tiog)

getd HEH0T AoAE AL,
@ i=2,,n—1 o dsixE,

[(oscs)!™ +(open)l] T — T
Z 4t

~ or (4n)? [ {r-g T3 = 20T 4 riag Tid

+ ki{riey Tl = 26T + 1oy Ti1}]

[ (opep) T+ (opcp)] (

K I - 1)

- b Do (SR - e+ (e
A o+ (40
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A7M, + Ud—ts‘f =p2 ¥ou,

(11 1,5 )k’+1T’;f%+[ (Pbcb)’;+;+((’bcbﬂ +2,Bk§+l]’l‘§“

i=0.5
i—1

A=)
(1_0_1.5_)le=+1 + (Pbcb)iﬂ‘f' (Pbe)]:
(=)

j+lmpj+l
k Tl+l

5 : —2/91(’;]1*{
i—1 KiTi-)

@ i=1(& r=0 4%, 3428 LL =00 98 Quggo)

PbCh %’tl‘ 2xk %'{ 2 uHH, 7}’8‘78 rp(=r,—dr=—4r)$

3 HolMe L& To(=T)& =stel gix3d,

(Pbcb)j,+;+ (ppcp)’ ](Tiﬂ _ Tll)
-1 ( jt)z x2[2kH(TH — T + 2kl(Th — TD)]

(pbcb)j 12+(pbcb)| +4ﬂk1+l]T]+l 4lng+lTJ+]

. ' ] . .
= 4ﬂk’1T’z+[ (once)y” 2+(""°")' —4Bki]T‘1

® i=n (F, r=R) AN, AAZAE AL 83 2o
FEP N derh,

Tar1—Ta- .
kn n+124r L = h(Tair - T:x) +
Pbo M, p—4M,_,+3M,
Ly(Dey) 9 Ar +

! (1 = pbo/pw)2
e 7eT [(B+T3 00+ 8] (T, — T,)
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A7E AN AHAH Az Bl R
A%

1. AJEEeld 2l A5 ¥y

AT A WYY AR AEYHA BEEY AF A, B4 9
T UEE XY AA HdHdAY g4E SHAE v, FIHUL
*}& (mean relative percentage deviation) PE AAl®te 2 a Al 34
th X, # 5 (1992a)8] RAIEAY A2AGM o 3 of &4 Abe)
HIGLE A3t stoA el o] FFAUAES RS2 8 65%0

A 20574218 WSl &3t H4E BE Ui AN ¥, 2HY
Fol AH&stgiTt

2. A1EYold 2Ye HF H

" 3-113 3-132 2 dFojA AEyg d4 K4Fgd A=z9
simulation modelo] 2|% ®4+& oFX| 2 & F (1992a)0] F FAY
AtY AYFHel A AFA 9 HAAE wladte £ sioulation
model®] P& AFY Folrh

I3 3-110] M o] IRM &% 69°C, FZX F7/|LE 25°C, HHag=E
60%2] ZZAoJHE & 7oA MUY sinulation model > AR ZJ|&
AAstie &d AA FARRT 4T A AFIHAC. ol ulH
A2 Aol ¢ o& U4 A FHAR & 20§ Reon A
A2 U A4 3R &4 detktch d&4%y A2z} ¥ 4
de B Aol A 11.7% ¥ 33.0% 2 LIl £ dFoA sy
3 sinulation modelo] 7| &2 A2 MYl vl U FHojt AHPEE

- 134 -
MNaEX 42 2 AX A SE NS Bt AMAE WL/ SR



ZL EE HAY 4 slold

2% 3-12& Az} Jl&el olA sinulation model3} AR AY
Al 2o Aol & HHo2 HAFEy, &, ARAN T =E ¥ARE
UH-o &2 o & 2 Ao Aud Ay g2 4% sinulation
modelo] 2|sjAgte] Jhedt g WajFa gt ¥ 3-12& AR A
¥ G ANT FUAS 2 ARG el 4 dolyA s £82 F
o 20]7] wEol A4 FU4HY =& AY FUA deve A
o]l AE U™ AY FAHFY 22 F2 FIslo A2 39 2=
of +yUTlE FHE RdF 2 Y},

3% 3-132 IR &E 74°C, AR FILE 52.6°C, HUIFE 21.7% =
AojA e AF AP, simulation modelZt AHA o] ¢ o)&x|, 2
B3 A &3k T ZBEEAE ol An £ FLo FAYN A¥Y
& o 4 et oy, AR F719A sinulation modeld] ¥4& oS
At HEFA] Atolo] w3 Z Apolzp U ALY, ot Y 3-140)
UElst Kol AR &7)o) simulation modelo] A4t Uiie 258 RFyY
A &A™ A3 dde] AA Y FFHch wtA, BF Hrjext
&2 oM Zfol w3 ANPog ZFsl8te] sinulation modeld
42.1%, A2 APAL 56.2% ¢ & Rt £ sinulation modele] 2
A=A 5 A 2= &2 U4E AF v 2 Y @
o] dojArti BZAF AR, ol modeld] Adel WoyY W BAHRE
(Ao dA=EAS HYE, UREALASF, FAYHN sl Qate W
AHe F)3 93940 Az AEAA Uty &, JUsE U 939A
WA 2E9 Aol B¢Fel JAY HEGt ANy NHY FAE Yy
Ho| glezlel wtd}

e
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— Simulation model

. 20 ¢ U= Y (& 5, 1992a)
ke x MEx
15 F
E
om0 f
s
foll

0.5 "

0‘0 L L L 1 L L A 1 L

0 4 8 12 16 20 24

ZZ=AIZE (hr)

29 311, U4 €88 A= 2 f4E Aol VY nodelo]
&30 A&
(IR¥ &% 69°C, LV E 25°C/ YU SE 60%)

50

45 =—=Simulation model
3 x A
H 40

ol (

of 35 |

<0 KKK KK KKK KKK
gy KXEK Ky

Ko 4
0F KKK KKK K KKKKKK KKK KKK
! x*xxxxxxx

A

20 i L i L L ] A ] A ] i
0 4 8 12 16 20 24
UZEAIZH (hr)

37 3-12. A4 €A AR F QA F4Y RE HH B
%t modelo] & o} Al &
(IRY &% 69°C, BIILE 25C/ HTISE 60%)
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3.0
2.5
= 2.0
15
1.0
0.5

0.0

— Simulation modsl
HE AEY (F &, 1992a)
= X ﬂﬁ’d

0 4 8 12 16 20 24 28 32 36
HEA|ZH (hr)

a2 3-13. A3 43YE A2 F A4S HHe BT modeld

23] 0 A&
(IR% &% 74°C, IR E 52.6°C/ AUFE 21.7%)

=—Simulation model
X AR

1 i 'l i '} i i i i i L i i I i i L i

0 4 8 12 16 20 24 28 32 36
HEAIZH (hr)

a2y 3-14, Q4 YAYM AR F M F49 2= HIeg #

NSEX: A 5H AX

He

3 modelof &2 2t A& X
(IRZY &% 74°C, F7|L % 52.6°C/ AU&HE 21.7%)
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A8d Ao 4P A= AFdHold B
2243

A4e] HHgM Azo] YL nAE AAEE ARIIY 2=E, §
T g $34%, 4N Aty 2%, 23 WA 2N ) Az
Uye 28 QAo wtel ARH= PAE T& & 4 Utk 0w A
ZoAEY HF U5, 3 A2 AR A 20894A T3} P2 Fo A
ZBAHE T BAE o] M £US AA Yol WedA
g, model& AMg3le] RAMUE ¥ ZF5, FARY FEHA BAY &
# & wefo] 7Hss)Arh.

et & dFoMe YHM AR model& EFE 3o, A4y A
&4 AU A=e i RYAYE At YHJH YAl 2=
U AZRF7Y 229 271 A HF Heedt AR £8430 1

A 4¥E 2AHs4lch

1, g4y <44 d3M Az BHYHY ¥UH

Bod Yo ALY AR wmodeld olm| oA AA3] HFT LHYA
AZ sinulation modelold, <4t AXF7 &= 34+& (30, 45,
60°C), BtiFE 34F (20, 40, 60%), €I YAury &= 3¢E
(80, 90, 100°C)e] = ZAstollA ¢4 ARHEcria 7HPsigct. RdHo
A ZAG ARBPLEAE A4 HFEo] §F7E 30%7HA] =R
o 485E A W AR 18AIT FI F A Hega} AH FAR
o] 22§ HAsAcL
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) X ) (2,) =3 BE2
: : S 6¥ 9°L g
1729 1729 1°0S £ 1728 AD kit el =R
001 L1E°0 9g°0 €F°0 o 670 690 b ReR S
STk b ZI¥81 TR
] ) ) ) ; ] (W) 2Ivr3F leleh=
g §°92 0°9¢
0°22 12 G 12 S°¥E (qa) %08 BLI
) 5] o o - - AUOV wrr TPM\N
9 9°69 L 0°Ly 2°'S¢ £
¢ 0 i Ly ED bk 28l TR
06 8€°0 L£°0 ¥¥ "0 ¥ 0 05°0 0570 (o "qa)
S~k & 2Iv8l T
) ) ] } ) . (W) ZI¥TF kixich=
0°€2 0°22 5°82 § 12 0°8¢ §°9¢
(g8) %08 L3
6°L8 €L €°s¥ Lv 0°€ee g°2¢ . (2.,) =3 Tim
TP kL £lv81 TR
08 6€ "0 8E "0 S¥°0 S% "0 1670 1S°0 (oo “qu)
S+ lod Zl¥81 =g
) ; ; X } ) (M) 2Ir8F llxich=x
S°gZ 0°€2 0°0¢ 0°62 S 0¥ G gE
(qe) %08 S+t
(9.) 09 07 ~02 09 0¥ ~02 09 0% ~02 (%) S E2h&
ESRER 09 oy 0¢ (2,) T2 lk2=R
& BREbET ik bTee® Rl BRED €€ =

- 139 -

=4
iy
(52)
3
]
ey,
5
<
e
)
2
g

ok

R
2

A=E



RPN AL ARFPLZAE A4 FE&0] FHIE 30%
72 2dsted £8HE A2 W A2 1843 F F A4 H4ed
dd FA¥Y =& AFstdct

2. Ao A% A Az RAMYY A

% 3-30] Q4te] WANM dsdzel Y ZeAY AIFE Feleral
O, AZE7Y AUSEE & d7old 4ET dae JEIAEOE
4 4we uAA gon, B3| YUSE 20~40% Welold Ak
W Aite] AxE olol A FYE WA Y8E U 4 A AZFY)
o ext Al X AZEY EFol 988 FUOU B dx 2943
& 27 Aot WA DY L5 10°C F7HUe] weh Ax 18
N AT ¥ Al FAE LEE 20 ZANHD, B4E 0% By
AR AZ 22A0E G pAPUOU AZ 1842 B ¥ B4
&e @ wEol gtk

SRA0 A QAAFU4EL $U12LE o 1svehn QA
Qedl, F2 sadol +RHE A4S of YFE7A AZAANHAY &
2AAY s gy of, A 227 10000 €3 AzR=2E
o 35x20] 229} AFALh ok 50°C e WES Agsted oF 100
Aol £0FE BYAZ] H AuAZo]l WAAUS AL B
Az 2aA%g o 132 BENY + dodies He4e A

glch,
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Aod A E

1. 42343 Y9 +E5 S JAEL o2 ML Ay €Fd=2
model & 71L3IIL, modelo] T 4 JEFAE AP G v 2H
O F84E AESIAT). AUE AR simulation model 2 7] &8 A4
HAEDYG 558 £&Y AdA58sS B4rh

2. B dFolN AMEE E4Y AR modelE RAIHAY AzWIAH
AY BEY € U4 dJ3=H RYxq, A4 FEFEHRUASF
Derr®] FWY &7, 223 Dot 2=, P& B9 ABHA Wi
F7tdte] "Wegol dA =Tt

3. MYY @FAZ modelE A1, EFA2 FH3} AP ABY W
HO2 ojfAle A4y d Ao U ERAHLYS AT A=
28 A% A0 JUAE EM3Act. F A2 22402 H5o] A
AN AzF oM A st v &o] wel Fuistgevt, "HMY PG @
SA2 T T A dujof A3 vt Wort id, AR L8
AquzAl= MY FTI FIAR T Ty AN AL uwe AL
ol ol&x= st

4. A4 LA d ARe] g nodelE 7E3t3L, modelo] ¥ ¥4
& d&XNE AEXNY vagezy O FE8S AESS AEE ¥
M A2 simulation model S WEHEY vt £F2 &L BHcl.

5. ¥3YH A2 model & AHE, A4S AGA UHYM AR Uy
EAHAE S AASt A YAy 25 9 AxFIY 259 5
7} 8 AREAH nAe S ZASIGTE AR L2QXUL ARF

718 2= 2A AeHALH, dHAYY WY 2EE ARFIY 2=

Ao
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o §7 A4y 2w s FYE FoArl

6. RAY 3}, Waluty =7} 1000 HHYME AMARo] A
LY A9, Y X Ao vl L2ANE I 1/38 @HFAY £
ole sl gt 3=t
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N 4 7 Qe FE XS gt A" HY

A1d A o

2P AMNAZLR AP e UuUFY vEFHA FFo|
th w3 2 AL &7 &) $F, v, Auch, A& FolA
t T AR Fel F43] FUsta don 1EA MFE AT A7
= st AgEI glck. oo thuiste fE uUte GHYEo] ¥
53 Hold Qi d LEAHNA JF4 d4 AdYE A
L2H4 AUFFFolete ASHE AU G Aol

S Foz i 4 A4el A& A fe] vt AHY #2873
AYg ARANI 7] HMAE FAE BAANIL ARY7ME HE "ast
AAsieh, @4 date] FAUY P AEAFTHL AEE=FTHL YL E §
7] wio] EANF 9 dde AEte] AL AT AIH Ao 4
TFola UTJH 71 & Y A AFUBALHL sde] a7
th 53] AujAlgd o2 UAEufAMNF A gAML 2A, JHFH K
H EAAES Azt dibsvt 9 B AAAE S AYEH2EM 4
BHQ FAATUY ALY Aol AFH¢ Aol

) ke FHABYLS AEY FAo] &t FEAAN} v BT}
Ha A& Ao, U Ay £ HHULS 4 UEY F+ 9A
NEHAL, N oY Fojg HAS: sHol FHE BT ohzl
3 el oAM= AAEE AAZ Y] wEe AES FHE A
o AJEE A7 HE @8 & 7k A gl

Aitel Ga7t MAZLRE AFBLRA Aue vF, FH SA7HA
Hrijd 2o rt. VA FF2E2HE £ Ex E-YHI e dHL
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2 A3 Sl QadAY EtFe] AEe, oA FAL W=, /Y 5
o BUY Ex £53F9 A golvbEA o g HZA Reojr,
AaAAHHo] H TI2 AuUAE] FAHeY Fatw] AHoE 7
B & BRI} FAe] Wasic,

A2 Wy UAAE ZAVEY 24 4 AP
SR ARte) 44
1. @3] WiF HAANE £4
Az YaFeo EAFNE 5IFE HAANEEES Aol AENY o
o] A% TEAAWH O MAFZ gon, AN &L EAF, ui
E&o gl tiErl, £ dFdANE A 58 2
3t Sl E4F F A B FFo] 9g oYU dHLeE Axste HY
& ZAFGon FRAIYE Q943 F 4-10o] UER]

2, W] F9 AP0 4¥E A FAUAE Y
ZAG BY AANEE AR Yy FHAZRA 2 ¥ AR
A ARY FFHrt s EFAAES ANsiga d9d EHAA
A3 & eostd chgzt ch
© BEY Ho - Ha AF - do|, oy 4 - o) - FF: FFHF o
Zo] FHE 9 dHY UEE VHIYLE &Y F U=e T2
3 dAEoI T
@ QA9 ME: Qlite AN FAe M & d¥E viAE FAL
At gk otujel Az WE EF A3, AR 2% FY FA A
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X 4-1,

Yawe 53 F9 (1995 ©=)

#HA ¥= Py

A gl i

7] E}

wel7t A4S B
23} thelgiol 2
§g o] Fojo} 3.

S EE
URde U3, eus
W o] glojo} ¥,

1~37]¢]
Elojo} st 3 Zo|r}
B3 Zolg 2/5 o
olojo} ¥,

b
okl 7t T3

BT HIst F3
o glejo} sm ¥|3
A& 5% ou olojof

2%

Me % BEe 3
A AEe} rielele)
FYo 25 WEHE
olatolojo} 8,

TR E 15
WHag U3, U
o geo] glojof i,

me| el &4
&o| 10% m|gio]ojo}
.

me] 4 #54 3
A BES} rie|ee
T¥ol T4 EEF
o] 4.

A A Y.

A HE&

i

@ g% A FEAH T, MY T AFE AFY £

A 3 4

9% 9

1.

il

NBER olael X

B 2EE F4ARsle] MYo] MYt dos F2 ¥l

5¢ vYY 4+ gk

A Ajolrt,

Ao

4l

b=

g3 Wy AATEE KU -y
A REA - YT $o2 Eudel dou 4By §4 23
Bk AEHG ANAL Us] FBuHJopY FEAAS eITL

- 145 ~

o) -
<

=

AW AU 57 L B
Ao &3 0 EA

Tt g st MEE AIRE 53F(1F, 2%, 59 Ex 35)d= Z



Zt 20WYy sl RYAAAE HAHse 1 AIE F 4-26] e
th, ¥ 4-20]4 BIUL 9o ESUAE olo] HAEH vt oy
£ gAaledxtolq QA e xlo)e] u]dle] FF e Aeo|7} 2 A&

¥ 4-2. G4 S99 A% YUY B2 € 2EHUA

7P Ax tie] FE 49] 8 4o

15a 0.64 2.17 1.45 0.83
M (0.14) (0.99) (2.14) (1.62)

0,63 2.50 2.82 1.88

253

(0.10) (1.10) (2.05) (2.25)

. 0. 61 0.70 1.96 1.35
CTEE L (0.13) (1.08) (2.74) (1.92)

F: BT Qe HE REUXNE Yehy,

3.00 *
RISE
< R

2.00 r |oss

1.00 r

0.00

-

et €&

39 4-1. QA T3 BAAA] B via
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B33 gloy, tiel & 12 FF% 54372 FE A7t Hla
A aA Jehdza, F Aol § HoldAdE 1533 25379 Aojst
Hlag & A& ¢ 4 vk I¥ 4-12 o] ¥A& Rt £ 5A U
&l
2. B 54 &3 4 24

A E MYEFe FHHE #3td AYEA(colorimeter)F ©o]-§ 3}
of L'C'H® MAFAE 3T A FLFHY L&Y Yol FFto A
ol 7} utelu=] ¢fgtrt, Iy 1536l vist 257 - FUF Ffol
3 2 78 5 ¥ g% Ayo] ol EYFH dden, 4
A REELS AU FEH o BeFYE AU e ALE

100

90

80

70

Y 4-2, 33X LB Y F9E LS
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I 4-3. A4 2 #419 LCH Lel B

Chroma Hue Luminance
38 26. 30 83.93 76. 34
= 26.14 79.21 66. 06
+d 27.38 78. 44 59, 68

NZEX: Qa2 Y AX Y S

werE ot 2 LR Ze5dS 43 2HE FE 4-34 v drh
E 4-30]A A= (Chroma)Ztole & Ao]7t fidlert YU 2 H
3t B 8o vjsle] WX (Luminance)7} &3 A (H°=90)0] KT} o 77}
H AL AL Y4 (He)gto 298 ¢ 4 9th |

MW Oy 4-2& 74 R 22 40X FY S AT g FEYS &F
¥ 334 Feleduiel EAY Aojvh, ABNeR FAH e
AR B EF A A (C=26.3, H=83.93, L=76.34)& FHLE FFFH

ol glo] ZUFELERY FHo| 7t A& ¢ + Yl

%
=

A4 d FHY FEFNNEY ¥

Aste] oF FFAAEF ctely £ F5 4 ¥ T4 2 A7
g o] &3t 121322 HPHA FAPNNEE dFstArh. vy #
7t 27w AMES FYFLE, viElY 471 27 o]l RE FoA
FE2 377} 2.2cn0]

BolAv &9 717t 1.3cu o] FU AEL 25F, 2 A9 AFS
15522 Fristolrt. & 4-4= o8 L2 Il 23le] Y7 FF3

AE7 2ste] B7HH SF & wlay ZAoltt. E 4-49] 3t H7}
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AAEEH

E 4-4. BIVIEY AU A

BB 53 252 59)
BN E
153 8 2 2
253 7 14 1
9] 5 5 17

Agol AR SFH AR A BRIV YN 65 FFojgon
&3 AE7b] ste] 15FLE BAY ABAA YAl 4052 nj ¢

€ e ¢ 4 AUtk we AR WES FAAY FEN Funs
29 AN 5 FAYAA S0l BN AN &S ANY 4 Yotz
gt olw, WY Avg dME ditel dPggosry
B (constrast) 28 5 #7b4d NeAPe $ustel FaH w2
B ARFEE SolshA BUY + s Agstolor ¢ We
g wasac

L

X

§ch

A5 A Axe A Syol YRS YA
Axme 24 % gEQge ANz

1 gaAeAane 74

2 dFlA AU BF AFVE A299) FE P 1Y 4-30)
ARF o2 Uehigich o A2y FEL ARoh] F Aie) G4
& oCD stuiztol &5t Ao RoERE AU A5V G4l
Hi AFHo AR dAYoE 29y 4y nYRFR, wRos
38 tIAE Heus Aste) EYRA (thresholding) & Y3t

ARG E Adch ololN WA BelW AMIYLERY 5
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NEEH

b

FUFo] YL nX= FIE (features vector)F F&3= A
g Yol YAt FIFUY dacFol £&¥ FHE 2% FF
& AFEA =i, o] A JduY EeE £HIHs 2 HIE )8
el

Preprocessing Feature Extraction
CCD Camera » Tntensity > Physical
—_— b Feature
Tmage Capture #|  Compensation —_—
» Mathematical
>Thresholding Feature
Grade Decision
v
» Rule-Based
<4 Handler - Featuro Vector
- Contr ol - Declsion ‘—-———
» Neural Network

38 4-3, AHF TEFUY A2%e FE

2. 4y AAeg A

YAl ¥ G FUoL FRFY F&F AW YANE dn
UES 4¥ 38y w2l AUt AP LYY =S =Y ¥
of &3ste] AA "etAedl, H3 2P| 4Y BFele ¥ FEZOl
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38 w5 Ue AA F F3] d¥olrt XA A}

B dFoMEe o4& 29 d8g AT St BE AU
g BRE 3492 $EU HLH HEYUY (57250)ue] ERIEK =
HMBL AEdgdct. A A2cle] AZNEA LG VY XX E w3l 5=
B AFste 2 I, L2} ¥ @S 2F3A RE 2 EH
2 Lot Iy Alolo] EE3A el 7 48 FED L (hsle<ly) &
A (4-1)0] 23t} HH3A A2 FEgo] LU =y AA 2
X EX3tA "rch

r 250-5

I
! Iw —IB

Up =Ip)+5 e sssssnnes @1

B o e XY HES dAFHE FRodW 3l SEUEY
& LUT (Look-Up Table)® A} 3t Alg38}l7] wjEo] SEHEE AlA| 7
22 9% 4 3t

AP A hAA2t P& FU3te TURA o) EEHE &
g AFoR APt Wi A8 A Ak, 2P HHIL A
A g € 43Y UL EEHUBLE A= dAF9R A v
FYE FES=dE S 47 fith. & dFdMAE BEHUAES A
Hdtel SPZFstolA AP uiE e G4 AT ¥ AN go9q 2
H w2k HIE ZASATh wRIYq FEHRY FF, o} EEBA,
0§ AAste] EEZ, Te T-m+5 7} HE=F Y33t

2739 UL A st dPFFL A(4-1)0] & A H
€ AXNA Bl  2¥ 4-4E FEURRS FYIHI A ddgAold,
23 455 EHEE £YY T dHEYE H4Fa drh. 2"
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2B =
A]

c
it
flo

4-4o el uie} o] FEWMHBS £YIA U2 A
* ¢+

oel s=3ke Apojst wig 2 oct, it 17 4-5

(le

l
.

(4-1)o] &8t FERHE +PY F¢ 2FY =] o s=3ke] ¥y
€ 3A A&AE £ &S BFa Ut owt 23 4-5(a)8 FHol
FTENY FoE I3 4-5(b) £& 2% 4-5(c) 8} oo FEAfelst

rr

22

S}, 39 4-40) visE 2 ¢ o] A AW AE ¢ 4 9rh
A ZetFAol isids M4 (H, Hue), BE (I, Intensity), AT
(S, Saturation) FUEE B-F 3 ste, HSI ko]l FFHS ol A+ 3
g dHeE O 4 HAES B LR FESIoF Sy Ee]

(b) Medium {(c) High
. AE TE 2EAEl A 5T JA4F
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%4 o Basitl, 2 AFoAE 450nmtj Y S G LEE FHsle] AL o
& SlolN HETY WHoE EYYMYS mad sj¥ug g5,
Y UEE Aot 42 A d¥¥E 43 a3 WEE FHAD F
ka3 el Soldle 49 ANEN F2iUEs Wi AMSFATH

o F WY 4YYAFE Ao 317 dEe AU EEY
AsHE 4urgich, EE 2 H¥ nfaAand A7 gAY ssiaty &
g #&% Jed 2uE ¥8E 4 AL, F¥ F2, A, HF ¥
£ 59 A=g B437] M e 249 dggaty APt daes)
A "t

(c) High

AEE AHBLY = ¥R 2
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e EY Ao AW 49 £ Fole A Wie] & 1H,
ol 2 AYA Fol AINAY BAMN 332 LHFE W= F
27t gt 8 dFME ZALY ol HAHNEA o] EAE
1A%} 93ty 3x3 vit]Qt WE (median filter)& ©]-&3l Tl
& 2z 32g FMOE ¥ 3x349dY HAJYES AVI¢LoE A
Y F FUUS SFHULE YU H 9o dAY BUES
FAl AAY 4 el

A 6d HF, BF F2 U AZY 27 Fe
o F&2 T AP AL

A SFVH) FYE WAL HYEL A EUdd SFE
(physical features)3} %3¢ HAHE (mathematical features)E F &
¥ 4 Atk EUdd HYE2E £33 B9 dol, A2 A4 o
dol, A2y 2% A%, T 24 o, ¥d N9, W AY F&
g 4 gon, 483 BYERE BT SEQR EUE, HAEIY &
4, Z9¢ A 5& § 4 Atk ol %L od sA BYE FelA
32340l 2AstE oH e FIUIAROY £87154 58 B
sl 4T FY AP Uste ol SN2 AA g
AM l$ FRY Helth B dAFlAE MALERE EUH ANY
g dgozste BaAd BYES 2&& AQ YRAFH 4+u3
SAES ANY £ A& ¢2AFE AU BUIU HPREL
Al ZlstebdQ BRI ARRY 2ER AR dFstact
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1 Ao Yusy 2%

MPLERE EUH QMR AR HYE 2a%E ¢nE
2 27 4-66] UbEhd wiel ol BuY viaAY AuHAFY} ANHD
JHLERE HAE 2a%E APes FEYUG

oy

fifo

2O U4 B T2E 4AT A F& e sl 2HA
F &%= A3 (skeletonization)ZF S ¢late] £33 A28 E714
B2 dite 24 A4 Astd WLV Agolch AUNE HANA
£ AN FARLE 3 MY BAR =¥ ddAo ohd HAES
AASHE & VHPL2H A4S HE PHol ¥ o]8H 3 3l

Az
rle

th E dFoME §38= A EE (Euclidean distance map)E 2HA
StAl o] & ¥t FHUE e PP ol &Gl o] WL tidA
o BAANA RFE ¥t 3E5E AnAIE Edo] dAsAM utd
Zoltt. o]EH L2 fALE ALEZEE MUY 2z HoM 73
W7t BAATA L HAAE HAGLE JYPoEHN APt o

Segmented .| Runlength | Euclidean
Ginseng Image |  Encoding '| Distance Mep ¥ Skeletonization "

Binary tree
Representation

Feature Bxtraction |

a4 4-6. 7151y §ZFE dEE
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ro
o

A AAMoZHE AN FAHLE ALE 2 HALS JHAAEH
W FHdeAM Hojgte] "l
o] Wy AAL HUHH A=l 2rE YN Folu FHFZY
Z&o| otk ZHolth. 8- AE ol &3l TAFLRE /AT
E AERE Fote g ES BABIE g Z
O BP9 BE L3S 022 MY F YIS ST
e TVEUE S e Wygos FASTEA Z HAE(L, oM 2
H 4-7(a)o} Zol HAZ(gi)& FYTL
@ YYHRYL ¢EsigtoHE TV RUE S dicjyse s Fasid AL
2t a2t E(i, j)oA 27 4-7(b)st Heo] (g )& T

gi-1j1 8i-1 gi-1j+1 8ij Sij+l
Bij1 gij gi+1,j1 git1 Git1,j+1
(a) Neighbor used in step 1. (b) Neighbor used in step 2.
Pt =gau t+ 8 pr=gm +6
p2 =g +5 p2 = g2 + 8
p3 = gm t+ 8 ps =gy +5
ps=gij1 +6 ps = By + 8
gij = min{p, P2, ps, P4 gy = min(gij p1, P2 Ps, P4)
where g;; is pixel value at (i, j) where g, is pixel value at (i, j).

29 4-7. RIE ANEE o] o] 8H s
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2% 4-7o0 2% HAARAY AE £F YPLIE 5, FHAYYS
6, gy WHo2LE 8& AHESdlch 1 olfre A& FER e
2t a2 FEMTL 111,242 A4 H4 tfdd Aol 1.597F Mt O™
o A AP E HLHS AAFo|HA 265K Tt Zojol 1]
o &ol 1:1.24:1.598 A LE ofjAdYd 4 & Y22 #7Z 5:6:8%
AT Hojtt, oje} TL wHoz FAHH SAYES AUEEE EH
" ¥HAHE FolM A Y ot (local maximum)EE F&EIIH F4lAlo]
"t

N3t )gel &ste] Fo] 1A Hoz HWHH N2 IE 7347
FAEIZE(F2Y F78 o], F222XE ¥ Fot A Zo] Exzt:
A8 91, AIY A do )& FE&3HI st FAHA fAxY
HA2EE FHIHEAM 20 45FZ (binary tree node)& 23 rt. +F
T2 AEE SAE FAA U HLEFAA FZHA 3449 AE
ol ot ol& #3MA Z oA AAFE ol &3l

HA AA47 14 4 2 & Ushin, dd57 2d HaE F
Adel dZ2AES ez, d2d57 2 Ao & JEL 718§ 71
A& veldct, sty ¥ A 84 (feature element)E= EFo|L} £ Ho
A A Esta ol UA "t #zte Yo se PEFTZAE nodeE X
e oo BaLe Azdat THY 9, o], ¥ F7 5
% 2 FRE ARYcH FE FE AL 43t 4 HLagEY
U ¥ 4oz U F¥ 4 orh

FEFTZE ALY FRZLYH Lol FIF/ Y Fo| Hruigtel He
24§ A4y F2L8, o o] BN 2 AEE ATLE, 17

F23 A2 AFAHI FHY AXE HAYLEN A2 HFY

R
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HAE g £

APy fe MBIY AHFHLE FUH ¢S 2d 4-8(a)
ot o] wMiZ P RE HAFY FEHS 022, AHIIY Haegs
TEXAS YUY FEGE fAAGL At EUH FHLELE Jsiyy
53& #&37) 83t A9 FHMY AP FHE Fei4ch. &
A& Fite AL RIAUE ANERY AP A N2 FEHE
o, 2¥ 4-8(b)= A4E A= ANERE HJFI Qirl.

FaE AgEEAME FALMLZREY e Eojd Had4F 5=
kol wmotA 7] WiEel VAo si7iAm ARHoR FL EF FIH

@ (b) (©)

I8 4-8. 71814 §F £& (a) wiZo2YE 24U AMIY
(b) RI2=E ANEE [9Y] (c) A3 A3} [Y4]
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()
»
o
£
=2

Eol ¥ =g A "rh (2% 4-8(b)e AN HEY
ez Aeldag)

2 4-8(c)e RrAEE AEZEZHYH FAdd sDste Hant
&%t AT ARE Lo QA & 9o FHste uErd
Zoltt, FAHMHLEE FHALEZNE FALARAY HLaA, & Ha
7t 1A X FoA o FE2 BAYE + & HaH%E AL AV 9E
of A4 F71& £t KT FRE LA 1Y 4-8(c)4 &
o] Mty JFelH F2 A2 ZAolet F#H7l, HFe EXAY A
58 2&slgdeul, 229 Zol9} &7/ 22} 57.9un, 11.4mm, YB
29 Zojgt F71E Z2t 28.6mm, 4.9m= 2% 29 Yol FlE
27.8om, 8. 4mnZ LtElkc JUE €z EL ¥ T EAAY HAE
ohF FH3IA HotUdr] wiEe o] & SAE AT Zojot MA Ao
ole] @i} 5mm o]ttt 2L 2% 4-8(a)o L}E}'ct utot ol A
AT 3MAE wrdte] 279 xFo| EAE Ao HIFHACh o&
ALY g FdNE 228F 2718 A2 FYH e AL vz
3R] wEo] HAdE XA Ao gwiHc)

o

2. ERAY 9494 £

Uit ¥ g AUFFE A4 5F Yo 2 ¥ nA: &
2y HAoltt. 1XNEE dFAA MEA(colorimeter) & o] &3t A4t
EHY NS AT A3 FEHY 93 ZHIYL2 M2 e e
54& AU e Reg HaFgch wietd I3 4-90] vepd upe}
Zol H (Hue), S (Saturation), I (Intensity) 5 Zeigte] HAWS

o] &3l FY9& A4 dMBRLEZHE EUSIY =F (Logical
AND)E Y2 ZAULHS EUsidct. ¥ 4-10& 153 A4y
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FEE&, 1Y 4-12& TAF dHY 94 E A7 BAFI vl FEY
9ot ol ZelgdE AU e AEIdS BHI St e
Zt4 e (nultiband thresholding)& 48y A#AE 2¥d 4-113 13
4-130] Ve 2@ 4-113F 2 4-13004 ZURSE A2ye=
EgsigEn, S9F AMAINE 15T viste A¥d o] o Yol
X3go] Qe AL ¢ 4+ drh wad ANIIF ARG Fo] AR =
H & Alatste) A4te] SFuFe B8 4 A& Zojrt.

Intensity

Thresholds
for
saturation

Thresholds
for

Thresholds
for
intensity

x
Hue

~Sa

Saturation

a7 4-9. TEEY £Y3k A=
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[

48

3% 4-12. FAF A4 949 ¥4

3% 4-13. 5F A4l A4y BY
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3. +un B8P 23

g4 B AW AWl £%ste AN F43A
AgEE BBl BM db WA FYFE YLAFE AN
22 FEHI7} osle WAl gk Udo] Aol AAY E& gl
A7) o A FYE FEI] AW YRAFS IFA 4
AZLE FUY 4 vk & AFelAE AN SIVH) dPE T
A2 ANYE et &S %A STES FEsA0

7t 323k S|lAEIYWe RvYIE(Moments of gray-level histogram)

Aate] BgwPe] AW DAL 20 4UEY shyst AN £
Wel 27 3(texture)olth. & Ewel o] Ynht FUAWH, &
Fd, ¥u, 29 53 Pe EUZUCE AU Hae WnE ou
AEAE SEF N2EIYY ZUEE Ausid BAY 4 Aok
wre} 7} Bzt zio] UlSsHe AEIWY WEEE plz), (17,2,
LL)E SR SAEIYY B@el i nx RUEE A (4-2)3 o]
FY 4 Aok

n,(z)= 2 (z;, -m)" p(z;) (4-2)

1,
A70H m= 22, p(z) & BF sEUE vehdcl,

Eatolgl Hele 23 EWEEL 4(2)2 R/HH, $EFY Tl

1
oY HEJ Boh B ot Adss [ olne HE3

o] £33 FYY wolE 0°] Hn, Eito] wl¢ & FFol= 1o H7
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e 48 ¥==2 de ¥&dc).

S| AR HH&(skewness)ol 2l Bl ARWEE J|£2ETY
o EXPNE BQ FE= Fo2A, iR FRole 0, BFRCL W
SHOE ARAE 2 F, ¥2HLE AAE 49 & vepdch

U By sy EHE

AHF Aol ISt HaEgY (x, y)HEGLZHE A= 4
(4-3)el &3t} ALEE ERWEE A4te] 713133 Yol BY ZR
g A35A "l

My = szpyqf(x’ W) e o m o a (4-3)
x 'y

1, if inside object
0, if outside object

Quton f(x,y)-{
g2l oM

A (4-3)& o] &3le] Aite =l HEE My, my 3}
o] A Tl T BREE A (4-4)22 g FH<4 .

Bog = D 2 E=Z =TV FOY) i (44
EMo] B EANE Pui= A (4-5)8 Ho] Y £ Y},

u p+q
P O il §
MOOY’ 017"0“)‘_] Y ) F1 e saee et (4-5)

Npg =

Bed EUEE o] &3t oA olF, A, A7) H3} Fo
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N=2&EH:

vl

Qg v ma=Egtd ¢ =MwMeg Axng 4 9t}

th. JlEl %3 d FF

glo) A Z4F RUE 7L o]2oE i 998 HA

Ated o & Run-length encoding FE A2 HIHE

A #2428 4 e FPEITL dHIY APse Ha

e 271E &% 4+ der, Run AIYE $EREE

A5 = 3l
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E 4-5, BN I9E Y §F

He

Grade st 2nd 3rd
Features Grade Grade Grade

Mean gray 105.72 94,74 101, 05

Std. gray 36.32 31.27 36. 32

Skewness -0.13 -0.07 -0.03

1/5 Area ratio 0.19 0.19 0.18

No. of 1.04 1.04 1.09
segments

Mean gray 125,32 | 105.36 | 115.74

Std. gray 34.02 28, 68 34.30

2/5 Skewness -0, 82 -0, 55 -0. 44

Area ratio 0.26 0.26 0.27

No. of 1.01 1.05 1.06
segments

Mean gray 117.61 100. 43 107,82

Std. gray 34,78 29.16 34.08

3/5 Skewness -0. 54 -0.35 -0.33

Area ratio 0,23 0,24 0.25

No. of 1.07 1.10 1,23
segments

Mean gray 115,47 99. 20 108. 58

Std. gray 35.13 30.08 35.18

Skewness -0, 56 -0.31 -0.37

4 Area ratio 0.19 0.18 0.19

No. of 1.17 1.15 1.34
segments

Mean gray 108. 06 95. 65 99. 65

Std, gray 36. 50 30.72 34.45

B Skewness -0.36 -0.31 -0.24

Area ratio 0.13 0.12 0.11

No. of 1.00 0.99 1.00
segments

- 166 -




ch ol WA WR(AY Al 4AT HE 2ol FFHUC
tAe AL o, 9 AV A4 P 122 e
A2 ol NPY Holrh.

EY A4 B F47 FUA nAEs FFo] 5317 wEd
WA 37 4-149 Po] A4S ¥3IE S5FEY Fol Z4 FE2HE Y
A FZ& Fstolvh. 28 4-140] viehd v} o] FAAA A A4t
37 A 1/562& HFo, 2 2/5& FI2o, 283 st 2/5& A
of FstA Hrh E 4-50& 55EH Z FYoA FEY $EHAA
S3EY HES FFEE Ui

B

A7 A FIAY A4S U= FAH TR &
He] duelE ¥
SHUFe] AYsicia wdHE A8 A HBAES &3t PN
ER34E o] ZAslY §F& VY YHLEAN FIhx) o] de ¥
€32 gt AAE = dd FES uYLEE Ao, EX
A3 3 e #% -t (supervised learning)E B3l HFAMLEL
EFshe Wgolct.

rr

1. =g 733l £ % (Rule-based) %3

g g8 SIUFYYL 1Y 4-150] Vel uie} o] HFut
ol AEHA AL ZE Aol 3t H43E VI FHES vo| M
ojA3tsle] AZT ¥, UYEE FAWE o If-then-else e =
g A4 o2 gl FFE FEIA ot

ol WHE FFNE I AR AXAFe] F&31A REH 4 A&
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d

N}

=3

w

qu

Age Ages F4HC Ak A4, FPUHY Aol
2%, & 53ndo] BAY HAEY 47 & Aol my}
3 g etet,

P17

Rule-basad Daclslon

tlo

I fa

If ~ then ~ else ~  rules.
(Designed by domain specific experts.)

1st 2nd 3rd
Grade Grade Grade

37 4-15, =S o8y FFUF AP

2. 417 % (neural network)oe] &% ¥+

B2 Aol &L FHL Ade] LA AAIHA Rt £HF
EREo] EHHO & ol sAFAd FH & ARt wlf oH
AL E7bsstA ol ol EAAEY AGE AY #A de FIU
BAUYLE 2Z2ES UFUZLY ¥Eo] A Frista v ABRE

ol&£¥ SFutRol: HAEAQ ALARA (a priori knowledge)o|Ll Ul
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EANAY B gt AMT 4ol AY Wegth AW UFF
2E ZEYUY B4g Bl A& A4 AW R A 2 (layer)
0% oFojd UEHA AAZE YT THY 4+ UEE T I
of, B Fol ol FAY WU 5FL A2 WRY 4 A& A

A ¥ o|t},

2% 4-162 71EFQA AFAZLY #E, FEHBE, 1Y 4172
Cl

Bl st R AHE AAER, HLASLAE €& 5 U WHLE

Adust Welghts

to Minimize Ervor

Supervisor
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[0

Pl

o
0r

WEHZ dd#Z= (veights)& 2E3 7= 9A daFolth

agy gt gAn dnEFe AYH 4G (global minimun)ol] =
Waty] Mo A GHAZ (local minimum)ol] 23] EAHo] glvt. & o
Fol A2E AFY ERdoME ©AZ U Hage =HIES
Conjugate Gradient @ ile|Fo] AHEEon, YL FAHE FHIY
fi5te] AIBAIES oUW (sinulated annealing)Wiol A4 oith,
&3] Conjugate  Gradient &3 eEFEL  AHE3A HYE YHEE
(learning rate)& AAE A7 o R0 A|W2E Flo
AT YE5 &S AAsotEE UAZES MY 4 ol EY AR AR
AN L sto]HE e BME (hyperbolic tangent)i4-F AHE-3}9]
on, &Y% o ABFAHEY $8& o8 A 2PLr I 4%

Fixed Welghts
(oblained by trainlng)

Feature Vector (Test Sets)

3rd Grade

Input Layer Hidden Layer Output Layer

O 4-17, AR W] ¥ FFuHY A
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i
P

o

1o

& viastgirl, AZ % UGS Bt E2 FUL AESA dBY o
ABE Fos A= 17 4-17004 8 o] FTFURe HEHA €
th

E 4-50] AAE A4 +¥%3 SARES AWEH, BE FHoAMY
FEEERL 153, 547, 2573 €= FoiAn, sj2EIYY AY
& (skewness)& 2%F, FFeol widted 15Fo 7H% i, T84
A2MES 471 713 24 vehde A& ¢ 4 Sich 2 & 4-58
FE SIFuFel LY AW =2y #YS W ALS A €7
Sol 7tzch. utety E=Eg¥el ¥ FIURES HMAE Iy
F4olu, Aud g A g S AL Eely HFF 5 AT uA
TH & A s Aol ulgdy Y Zojrt

1A e dFAe] std cielg 4, A I TF o] 83A
FEURE +UW A Je5x+E FHEE Uehigdlen, 53 153
o2 P ANEMY FHEE 0xFEolTt. BEE F2 Holst F
71, A2y Aolgt F7 B3 A2 Jst¥A FAHo Ay FRE FY
Ze BYEE HNdo] sbestAAN, oy I HA FF & F&E}I
1M e GAA o AE Aol £85I WE] HARLE FFU
& FHsof S A HA L) HZo] oY

oY EAAE FHII st 2 AFdAE AKY F&0] Tt
%3 BEAEE ARt AR sl FFE W= WHE 1
Betoch SIFUB L A%t A Bl d¥HE 5 HEHe & 4-59
FAY 25712 A o) A Zol oste] FHFH Uit FIHE FII51o

FHETG. & AZYY AT 4+ 267071 Hol FHMEY 4&
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F 4-6. AFANZYE o] & UL HIE (%)
Number of neuron in the second hidden layer
0 1 2 3 4
{ 57.5 54.2 55.0 55.0 49,2
(63.3) (62.9) (73.8) (72.1) (65.8)
Number of 9 70.8 70.8 72.5 68.3 70.0
neuron Gn (87.1) (77.9) (85.4) (86.3) (87.1)
) 73.3 69,2 70.0 70.8 64.2
the first 3
hidd (91.7) (83.3) (89.6) (89.2) (92.9)
rdcen 4 74.2 65.0 69.2 70.0 73.3
layer (91.3) | (81.7) | (89.6) | (92.9) | (89.6)
5 74,2 65.8 70.8 69.2 69.2
(95.0) (80.4) (88.8) (94.2) (94.2)
F: HBI G2 HHE& AEE Y A

29 3ol 2HE =

. 4 F &Y Aol 24F 2
AZMRL +& HHAINEA 5F

T8 UVl EE 2

534 120714 % 360718 QMDY FolA 24071 & HH5E g

2 1208 738 viHeg ¥EIo 4 AAE E 4-60 Uehidrh
¥ 4-60] EAE A& 120 AF5E vE= CH%QE T SEURY
4FEL vehln, 22U & 5§ MHE Y2 Ug F 7Y
4 FEE Uehdch E 4-60] UEpd uie} o] R A SYF B F
Hal SYFo] X ABAEL F71 1A Aol 4FE &2 o
on, £ Az 2YFo EUEHE AFARY += A WL 7198
E dods EE FAW A5 & Hd H4IFES A FAAINA Y

o2 mietg et wetd o3 e 24FE Ze AZ WY A
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= Qdie FFUFel FEY AR AEdrh

EY SFUREY YTES N iA &YZFo] EHFHE AZHAEY 471
7ol wleld golAAM, AAMESY 471 54U FL HBFEL 74%%
o, ABMEY & 8NE 4 FF 4IFEL TwIHA] F%e A2
BE&EH . 28y AZ AR £§ F7A e uiel o] £0F
£ Aol ui¢ Zojg #t oYz, FEY UFE A= WS 9
RE ARG YAE 317 uio] AEHA FHAAN EAV AL A=
wEch, meEld A FEUAE AN AFARY 71 475709
e 2YEE XN URUE BE3ME Ao uiYAY o2 A8

e},

fu

A 8 A AKHLE FFHE dHd HAR &3
BIL A LR daE B
A Qi BAWE gRARE VY] Astd AAY F 2L )
Hel AN FARY N2RE AGsD oo AYsA T2 43
sti FAlel FREE PRI skl guAEES ¥ WHAALL
7 VRARE AN FLE ol ool A FPAAE o)
stelch. BAVY 4EE 2% 17 olgo) et eE AL

A 9 A MAATL A4 FEA AF BT AlA" sy
I3 4-183 Iy 4-192 AAIZF Q4o EIUFE ¢ste AAY 5
A Mg & Aol A=t FRjolct, A FAL ¥AU &

HRE 233t HA e A B 9%t A AAF HA, A
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g ATt o] Aol ALEH HAL UM FF AT Y7 ALEES 2™
4-200] ERD Rz o] A ARE oSt Mool FAY &)
L A2 44 ¥E, EM3e JANG A2 FEE =
8} o] & FHIE AZEOE FAPE gl

o] NAFe FHFL Awolo] o] YAY XFo=2 (¢ 25cm) ¥
Aato] 0|5 3t A CCD Ftwle} olefol X EA A& WA A
ahel 228 AAVrL, oy AFEE WA MY FIR(ANETL olF
Zo] YE¢ A& B D M etE o] &3t YEYUTE HEFHA
AL AL AZEQ ] o3 Be] HI o]2HE A4 FF|

Arel FBBR

Y5

IMAE

‘BEELEELE:
—

A4t ol$HE

HEAS HE

0% 4-18. UakY HAZ FEFIL ALY A=
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NEEH

A39ch o] BRE Ao AANVHLE AFLE 4] Hrl,

1. st=go] Ay

Zinjolo}] AXE W&EV|7 Hol e DC RE(Wonill Industrial,
Korea)oll 2|3j7-Fo] Eln| 050 cn/sec?] =2 FHO|EH HA T
oyl AHoME ZY 25end KEEZ LA EF AT Aol
HWEL] Zole 130cm, F& 33cnE Fslglc. nlole] HEE JA &
A Qe WIALE HAsHy] $3 A He2 wrEden dwololg
ol Wy A, ¥Ho] 7Hs3EF 3tHrl.

NANZ X 2A 2FFA, GEAARA, AZASHFA, AFY
o2 FAH Qltt (¥ 4-20 HR)., ZANA FA= et 2ol
T35 At
O 2BRFAE 2R} LPLE o] FojA glon XY FAs R

FEY g xustn FET FE AFE] AT IR 40en, HE

40cm, o] 80cme) AFztolm o] Lo Qe ZWHE M YJo] Hio

g ditel A &I Y%, AREFE o Tocr $ol

50Vatt FFPZ 871 &M 2 3t st

@ A= HEZXE i &2 578 A&V FHALAME A8
st om o] At HAFE| Y AEwoo|AE AF3H] 3 Y&HIt
=& g3t (29 4-21 HE).

@ dAAANe dA4Y dEE AY AMEM HY=EIL 768(5
W )x494(4 7)) 3}A(Pixel)?l CCD Ay Fhuw|eh(VK-C370, Hitachi,
Japan)& Ahg3ten, CCD siuziele cidFHLEl§ a2 Y
AL 4 AdEF it P AHA e A X (Meteor/RGB, Matrox, Canada)

E d¥d 4y 94& FY dAeE HEsla §F wHe day
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NEEN .

53&& +&¢ %lél%_‘ dae AFE EUE dAde= A7

"ol (2y 4-203 29 4-21 #R),

@ # AFEHIZ & 120MHz WEJY ZZANMNE ZHY v23F PCE 0
L2359t 9E$ = 95 (Windows 95)8 HEEQ LYNAZ A1
sjgom RE &AZEolE o] EJAA IoH FEIAEEF stal

t}.

IFY 5 4
=3

cch 7t}

YH4YE £
AR g Aa
EREEQEY

3% 4-19. 4] AA BB A AR FAFE HEF
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2.

£ZEQo 7y

7, d43es FIFEHE A4 HAZL EFFMAN2HY duE
&4

AAZ EduE g &S |43 Sist] dA F A2 g
2l ANZ FANA A& At olo] HYA Z2IHE AR
U3 FAo] BHUEF YA I #5te e ES dF HEAAC
ER VHAAZ AN FHE o183t vl A4 FFAAE o)
g3t FAWY SEE 2% 1] o] ey RAeE EMHI
t}.
U, 2E 57 B3 =29 i

gy U AN Z2aPLe =22 95(Findows 95)3}ell A
AYEEE ¢ Ao g AHS3t Adstglen AMEF HF
ZUHBE o]-§3lo £

=3 33 =298 Microsoft Visual C'* compiler (version 5,0)

A34

rlo

2} Matrox Imaging Library (version 4.0)7} ¥§E . ¥ 4-22&
A BF WY 2P MYYE RAErt, o T2 AMYA
Uy FAe o 94F HEo] EAL LEF HEdE 4 ZAYJE
EAISHA stdct &4 d3g A e f2ee 3 WA T 4T
AR 2] o AFE A FFL A, F

Ate) o), A wWm e 4¥ dFe2NE £ i FAE
FEASR, W A, il HA, AR i gl 1, 2, ITF(EESTF
A3) ¥ AFE EASNI AF 8H Bele AW F UM
Neg BNt 2 53¢ 43 ui&g & 5 AA saich
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A 108 AAZ dM FF AF Fb ALHY HE

8 7}
14 A AE7M HAZ A4 A A% Bk AadY vA
Ux &
A AE AEZHAEI 2§ Aol 83 EFE 3008 (1 §

1009, 2 FF: 100™, T (35F): 1008)S& o83t AHA Qi

B 2F Bt LAY g AAstdch dEI IF Ak 29 Q
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A= AYstel AFAUZLHZE HFAII VA 2108 (4 532 70
HY)E APELE o] &3t

B8 M ARY FFF(ANET £FolA U W €S F4)E o
€812 o3 AAZ EAFI AL FEH(ANRI FHol Y& wl
B2 F)& o83ty R 4 SR HE] & 5 o
AR HES(skewness) Y w2 HWIHAFH UHL Rk
th A HYE FEE ol &2 3 3y wEI AHsidon, EX
A AN ez RY 1719 AR E BRE o 3H WEI HP3}
A3, mpxte® A4 5/ AF9o2Ny 579 WHYE FRE do
RHESte] 33 A ysiAcTh

E 4-72 A Ad AE7HAEZ 2§ Ao 3 78 A4 A8
e AAIZ 5FUY Alade uF ZAe dAEE viehin, ®I
o = TEHE AYE o2 WS A dAELS uvEidd =
4-70] LiEbW ulel o] ¥UHE A|EE o] &UL Wi ¢ AN HPYE I
BE o] &3A& d A% 2 At Ut RYE FRE o] &R U
St w b v Azt ystey 2 xel: e 2A Yt AIE
AEE o] &L o i Y UBPE FRE ol&stdS ) 3 F2
A7 Ut ¥ Ao AYE FEE oA o Y e Ay
usteoll 48 A2E oS wo Fo] 2 ol e A Y%t
th 58 ARV AFR ANEERT g8 wokth. HY A wE A
B Az AE a3te AT Aagdye BYE FRE o] &5tA
t 2o © AUY R oh
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E 4-7. XL FA W A2FE o] §Y SV UAXE (%)

No skewness data 1 skewness data 5 skewness data

HhE 1 2 3 1 2 3 i 2 3

76.1 | 73.0 | 73.8 | 70.5 [ 69.1 | 73.3 | 75.0 | 72.8 | 76.7
(87.8)](84.4) |(83.3)](88.9) [(86.7)|(85.6) |(86.7)](80.0) | (90.0)

74.2 (85.2) 71.0 (87.1) 74.8 (85.6)

FiHIE A2 HHE ARE LY A

2. F i Add A2V 25T uF dXE

A4 A FEZ 2FTY B dNES ot B 9o nja AY
€ Sgich. E 4-82 F A4 AHd AEV 2F(AEN 2§ A AET
IOF B ¥ dXEH} EYXNES YENAL}. AE 2F BE 23
o 4 A FEIe 10d ojAte A AW BEZ 1A 499 s¢™
AMALIZ o] FolA glon AR} A%t B AEIES N2 U3
Al gt

E 4-80] st F 90748 ¥{HE AR AL 7445 X EZ
Eygon unA 210708 FAL AR ML 69.1%2] UANFL B
a8 AEo tidte] AAEo & ¢ + Ut 1 5F AFEE A
B ADEA dAEo] MR woton 2 55 AFE AR AEA BEdxE
ol 7} wth o] AAEHE AEJ 2F BE 2 5F Ag WEA 1

L2 A% Biste Z¥el &2 ¢ 4+ AArh
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N2EX:

48 i FF U

T

}

g AEIIe] 2y A&} BEYANE

AEZL 2 B
1 57 2 5= 5
= 80.0 20.0 0.0
°® (83.3) (16.7) (0.0)
42.9 50.0 71
AR 08 = ' ‘ :
de7t 23 4 o (26.7) (66.7) (6.6)
- 0.0 22.9 77.1
° (0.0) (26.7) (73.3)
Z: BT AL F&HE ARE o|LT A,
3. Azt Qi £3 x5 B AJARY ¥
Qlale] gBe WM EFHFololy o dFoME A4 A AE

ZolE o 30%2] U xE uvehjach ol dFdA JdE HAD
A4 B A5 B AR 2% U A9 dake AEE 5 g
Al Ad AEZYY B GHNEE 742 A4t AE BEVNLY A 2
g 70% HrrE gol 29 A 4EE F7MIAE AE3d FF A%
Bt A2 AL 7HestA stelet AmdrTt

A 112 FEE

E a7 #€A Q4 Hapgeld AAHZ de $IEHF W A}AAM
of g AWy Y AL FLPAANLEY YA Jagd TF
AEUYNEE AL7] st £ O A3 YF IR E2FE
+¥Hd BIES FU

networks)& o] &3t AAZLR it FFS B WHE AUt

T, QA Y(artificial neural

t}.

- 182 -

[
it}



NEEX

2 12078 QAo HE AL 360712 QA A4 o|&¥ Az MY
ML Qitel AL AAY Y 4 U PHL ol 4N FAE
Fagstel AYY AAE BEMste] AAZ B WP Aade FYY &
gl ARE vt 2 S3E 100704 2 300702 QAte3A o)A 90
AE ol gste] ALY A 2 Y AW U&AII 210E ¥
g3te} NAvg FAAY A, SINY YFELS F B AT UF
of AHEH AR AMoE EFL, o)k UM WHAN SIUFE @
Wote ARAEL a1 (¢ 30%)E XYY o W B YFEEM F
F AFRPNLHE WEAE 9t ul$ TEHA Aet Armdr
+4¢ 97 ARE aoshd okt At
1 B8 Qi AAVEL AESS Wate] 9] 24 2 d¥E 1A
WA AR APHS} sy A4 EF Hu - Ha R - g, o
28] 4ol - AP, Adite] A9 Iz g4¥ AY 5 EA A
B¢ Mysigch

2. QAate] Fetd Fgdo] gue I A N2WE FAHARL 2B
Qg A3}y g5t AN GAe] AR ANE $UHA

ot

T},

3. Qg NF, BE, 22§ A29 27 ssuy w4EY, ¥
A% Qoo BY, 290 447 5 2EY 4+ A& FAAY
We Awstac

s meadel U IR ANAL ARUAY S, 2UIY
o RANE 53 Be Beld ZPE 2AV BIAHE AFE
Aol WiguATS o

5, Rag) QS UPLE © BRI A29e Ak BrAAAE 25 7
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Ao 83 §IYEIN A FHE oY AFAUBHEFE o] &3
Acrt. o] AlA¥Y Y FFELS ¢ 74xE eI

6. A4S FFoid AHBEY FEEHE oY dEKHLE FTFHE
A4 MAZ UYL} ALY daES YA

7. ARE ol$ste HAWolo] A FHolx ARERH ¥E Y5,
BM3he ZIAANZG 2], dea ol FHE £ZEHORE F4H
AAZE dat FFH I AARE JiEstdcth

8. /Mdd AAZ A EA B A2 29 T A diE AY
T lglen Ai dd AEZSG Y AAELS F T46E A 299

A ME AENPE 227 S ¢ 4 ddch
10. 0P8 @AollA /g8 MAIZ A4 F4 AF I A9
H AETIehe] 2 A o] T4xE Uit AE AELY U dA

& 70% BUE gol 29 ANe 5§ JF7A5E 84U FF AT

7t A Ay g JHestA stelt Alzdr)

2 dFolA e AAL SEAE T8 AM FAUY AaHS 4
BHo|A YBY e FFUEE 7HestA AFH A AE AFHE
HilAe A3 Yirled FHsta oot wEtd Add Ve <
HAE AEY AFHE Bl =58 AAY 4 A& ¥ oz o
AAFY AFAHE B3t fE QMY FAZRYE FHste=r 719
g 4 & ZAojrh. of&e | FFoM FAsIL A= TF AHAF
o AYAFHARE #T VZAEEE VLY £ 9den oY &FH

know-how 71BHe] EALE S EARIIE 8L 4 ot Wo= 2 Q

ilo
rO
1%l
r)-'
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Tl AUy Vet di UR FAF &S FEAATE o

ST AHFAEI AlAFo] E ot
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