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mAteiiyausrasilemuuuiaemiseuuimininedeinieseuuiuvuiinadfidaunyiing
npgau TngymuuudtaesimngansenitauuasLouiidafuuuudians ANFIS naasseuLsimdnlig
aeldigaumgiouutisie 70, 80 way 90°C AMuEanTou Fo 20 m/sec wagANLGDITUNINlNY 250 mm
Tassaine ANFIS Usgnaumediudsdunn Ae gaumgilauiou wazlianlun1souunns fMuusiednn fie snsdu
AUTUNANITIATIZINUTY LUUSIaed ANFIS Saumnzaumnniuuudasseufidialag uwuudiaes
ANFIS LUl 8 fianuivangauanndign Inedian R iy 0.9991 wag RMSE wirdu 0.0032 snudadu Tudau
YDILUUINADUDUNING LUUINADIUDY Page (Page model) ﬁﬂ'gmmmsamnﬂﬁqmﬁm%fumsa‘uLLﬁaW%ﬂ"LtJ

TnediAn R Wiy 0.9983 wag RMSE i1y 0.0067 msasu
Addsy: nadfaiun wuudassednmans ssuvauluiledlassinauiudald winlve

ABSTRACT
This research aimed to determine the drying model of pepper undergoing a jet spouted bed
drying process. A comparative study was executed among experimental results and empirical models
and adaptive- network- based fuzzy inference system ( ANFIS). Pepper was dried under drying
temperatures of 70, 80 and 90 °C, hot air velocity 20 m/s, bed height 250 mm. ANFIS input were air

drying temperature and drying time and output was moisture ratio. The results showed that, the
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ANFIS had better capability than the empirical models. The best ANFIS model was model no.8 withthe

coefficient of determination (R?) and root-mean-square error (RMSE) are 0.9991 and 0.0032 respectively.

Among empirical drying models considered, the page model, was found to best describe the drying

behavior of pepper, the coefficient of determination (R?) and root-mean-square error (RMSE) are 0.9983

and 0.0067 respectively.

Keyword: Jet spouted bed, mathematical model, adaptive neuro-fuzzy inference systems, pepper.
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AN5197 1 @UNNSNIAAANARSIEURS AR [4], [13],
[18], [21], [24]-[28]

No Model name Model
1 | Newton MR=exp(-kt)
2 | Page MR=exp(-kt")

3 | Henderson and | MR=aexp(-kt)

Pabis

4 | Modified Page MR=exp(-kt)"

ﬂﬁmgﬂLLuuaums'vmmﬁmmamiauﬁ%ﬁaﬁ
VAN ZANEINSUTLATIEANTEUIUNTD UL LA LY
walan1slessiuuvaunsanaosiildidadulagly
TUsunsu MATLAB [21]

3.5 las9as19%89 ANFIS

dmdulnsiadraves ANFISAIFuuAToduans

AN 3

input inputmf rule outputmf output

£

Logical Operations.
and
or

not

3U7 3 Tassaiaves ANFIS

M99 2 WAAI91UIU Membership Function 67

wusdunm

gaumnil (°C) 1281 (min)
Range[70 90] Range[0 270]

3 3

anu

—_

O o0 N o0 o B~AWDN
[C2 G B N = T > S CA RGN
L B N N S O =Y
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Tnssadaves ANFIS AldluanAdadenldluna
flad@sugeno Susunils fuusBunmildsl 2 f e
gl ULazlIaT wazlewne 1 A1 Ae §nsdIY
arudu feiduaruduaundnidusuy Gaussian
membership function HeAdutervinmiuwuy
Linear kagl¥nszuiunisieusuuunay (Hybrid
algorithm) Taeldlusunsy MATLAB Tun1991a03
31U47U Membership function ﬁ?LLﬂiauwmm%Lﬁ'a
WwuUaesfivnzauuansfmn s 2lunisiden
LuustaesThivuzaufigadu agfiotsmann
FuUszansnisimaule (Coefficient of determine,
RY) Gaagdosfidunnitiian viewdlng 1 uiniiae
warAsINfidevatrAIuAaInAd U dtaeade
(Root mean square error, RMSE) “ﬁd%é})adﬁﬁhﬁﬂ

fign (4], (131, [21), [24] wanafaaunsdi (9)

(MR —MR_ )

i=1 pred i exp,i

RMSE = 9)

idlomR_ Ao snsdmanuiuiilaainnsvnaes

MR, A® 8nsdummRuildanuuudiaes

n Ao Fuutoya

4. WANIINAADY

4.1 uvuTIaeNAanmIanInITOULAINGA e g e
LRSIV UL S AFIUIE AU

31NHANISNAABINISOULTBuEanS nlnefile
1UILATITAMAINITITND 6199 VOIMUUIIA04
vandamand defuivinnuaiunsalunisiiune
ARt ude ArduUsEANSnsFaaula (R) uas
RMSE 1Judmneadaiildidenwuusiaesiiviunzay
[12], [20] #9M1519%1 3 WAALATIZHAIUSUTUS
LLUUf\i’waaqL@Mﬁ%ﬁaﬁuwamimamauLLﬁqﬁqmuqﬁ

70-90°C



182

AITNT 3 HANTIAATIZAUUUTIADLOUNSAR

No Model name R? RMSE
1 | Newton 0.9821 | 0.0371
2 | Page 0.9983 | 0.0067
3 | Henderson and Pabis | 0.9882 | 0.0304
4 | Modified Page 0.9824 | 0.0375

MITNA 4 ANITITLADIVBILUUTIAD9)

2
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Tum157991 3 NUIIMUUTIAD9989 Page (Page

model) HanusnganlunisviTunensiuasuuas

=

AnuBureminineldffianfioamgiouudisi 70-
90°C 1ilosa1nTAn R gafian Ao 0.9983 uazen
RMSE #ingn #e 0.0067 wazA1Am&uRUsvas
wuUSIaesiunaniTaaesa 4 wuu fid1 R ag
Tu34 0.9821-0.9983uaze1 RMSE aglutig 0.0067-
0.0375m151971 4 uaRIAINITITLADSYBIYBY
wuuiaesfigamgdl 70-90 °C

9INM15797 3 UWAEAIT19T 4 FTWUTINANTS
Arunlagldaunisoulianiuuuuinasanig

a s

ALAAAASIDIPage ANUNTAYIIUIENANITIAARLAR

' v
= v v =2

NanAauIslautAIAei k wag n 1IMANUFUNUS
fuduusoumngil aglduvuitassdmsuriunenis
WaguuUasmnururesminingluynaamaiisuuns

Keaunsi (10)

Page model ; MR=exp(-kt") ~ (10)

o o

oA kwag n ilsunnuduiusiduileiduy
gaunnd(T) TugUuvvaumadadulagail
k = 0.003+1.53x10°T  ; R*=0.931

n = 0.888+0.005T - R?=0.811

AN5197 5 HANITIASIZRANUEUNUS ATy ANFIS

M1 Membership function fauUsaune

Temp. Model R RMSE

@) constants
Newtonmodel

70 °C k=0.01186 0.9847 | 0.0381

80 °C k =0.01704 0.9811 | 0.0414

90 °C k=0.02462 | 0.9840 | 0.0350

Page model

70 °C | k=0.003677,n | 0.9986 | 0.0118
=1.254

80 °C k =0.003758, | 0.9965 | 0.0067
n=1354

90 °C k =0.003983, | 0.9987 | 0.0049
n = 1363

Henderson and Pabis model

70°C | a=108, k| 0.9909 | 0.0298
=0.01275

80°C |a=1.091, k| 09877 | 0.0340
=0.01842

90°C | a=1.082, k | 0.9889 | 0.0296
= 0.02637

Modified Page model

70°C | k=0.6806, n | 0.9847 | 0.0387
= 0.01742

80 °C k =0.03867,n | 0.9811 | 0.0422
= 0.4408

90 °C | k=0.3499, n | 0.9840 | 0.0356
=0.07037

a1y | aaumndl 1 R | RMSE
1 3 3 0.9865 | 0.0356
2 3 4 0.9874 | 0.0315
3 3 5 0.9907 | 0.0089
4 4 3 0.9913 | 0.0092
5 4 4 0.9962 | 0.0080
6 4 5 0.9955 | 0.0083
7 5 3 0.9982 | 0.0070
8 5 4 0.9991 | 0.0032
9 5 5 0.9989 | 0.0056
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Tum5199 5 wanINaNTIATIzRaLEuRLSae
14 ANFIS#131 Membership function #3uUsduna
WUURI883 ANFIS wuudl 8 fiddruauiledduninudu
duBndudsdune aauniiindy 5 uay duds

Funm 1181 Windu 4 daumangailumsviungnns

ya i

Wasuwlasnnuduvesnininglaafignnaunnd

] 3 Y

&

oUWTieil 70-90 °C 1ilosanTlen R? gefign Ao 0.9991
LagA1 RMSE #1gm Ae 0.0032 uazNaILATILY
Arwidiiusingld ANFIS 1 8 wuv wudidien R o
U39 0.9865-0.9991 uarA1 RMSE agluyae 0.0032-
0.0356 7151971 6 uansUIsuifisunaileain
wuudaeaeNfizAadiy ANFIS Gsagnudn uuudiaes
ANFIS TinadiasgvlianlndiAgsiunan1smaaedass
11AN31UUUT1a8904 Page Lilpaanilan R? g9

11ANTT WagAT RMSE #n

[

AN57197 6 WSHUTBUNATDILUUIIADILDUNSARNY

ANFIS

No Model Name R RMSE
1 Page model 0.9983 | 0.0067
2 ANFIS model 0.9991 | 0.0032

4.2 1T UNEULUUTIaNAUNANITNAADN
ouUUTILaANIA Y

INHANIINAABINITOURKLUAANS LN
m'%'aqa‘uLLﬁaLLwﬁmaLmﬁLﬁmLumﬁqmmﬁ 70-90 °C
wansfagul 4-6 wudrlugrausndnsndrunisanas
vosrnuiuluwdnnsnlneanasetnesimga Wewwn
melundniinnnufugs ildnsdiemuasesi
wdivenduluegesinga [11], [21] defarsan

a0 W !

§w%waqquﬁau§auﬁ'mmaamwmumsmmm%u
mngﬂﬁ 4-6 ‘wmfwmiaULLﬁqﬁquQﬁqﬂ%ﬁé’mm
msammm%uﬁqqﬂ’hmﬁauLtﬁqﬁqmmﬁﬁ'} GG
danalimianlun1sounrianas dennaenuNanis
auuﬁwﬁmﬁmsﬁmwﬁuq [13]-[21], [24]-[26] 91N
Han1INAaeIzNUINgglouwiidvinalusgns

WnRENsUasULUaIRNTLYRINE NNy
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1 \
\ © Experimental
o8y ****** Page model
\ —— ANFIS Model
06[ \\ b
0: \
s \
04f N |
0.2f 1
o ‘ ‘ ‘ ‘
0 50 100 150 200 250 300
Time(min)
JUN 4 UanamansyiungdnsIduauTus
auwnInlneigaumgil 70 °C
1 A\
3 ©  Experimental
o8l Page Model
A —— ANFIS Model
06f 3
x
=

045

021 AN

o ‘
0 50 100 200
. Time(min) .
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