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Thakul Kukiatikul 2009: Shelf Life Prediction of Pasteurized Drinking Yogurt by
Centrifugation. Master of Engineering (Food Engineering), Major Field: Food
Engineering, Department of Food Engineering. Thesis Advisor:

Ms. Sukanya Wichchukit, Ph.D. 156 pages.

The goal of this research was to study the prediction of phase separation in pasteurized
drinking yogurt, using an artificial neural network with physical and bio-chemical properties.
Three brands of pasteurized drinking yogurts were stored at 4-7°C for 28-35 days. Physical and
bio-chemical analyses were conducted at days 0, 7, 14, 21, 28, and 35. The data obtained were:
total bacteria count, pH value, total acidity value, and centrifugal separation value. Two types of
centrifuges were used: a fixed angle rotor centrifuge and a swing-out rotor centrifuge. The
relative centrifugal force (RCF) values used for the fixed angle rotor centrifuge were 60 g, 112
g, 201 g, and 314 g; the RCF values used for the swing-out rotor centrifuge were 77 g, 168 g,
and 350 g. An artificial neural network simulation was performed using MATLAB software.
The network was feed forward and used a Backpropagation algorithm for the training-learning
process and used a sigmoidal transform function for the activation function. The network
architecture consisted of input layers, hidden layers, and an output layer. To construct the
network, the data were divided into 2 groups. 70% of data set was used for the training and

learning process; 30% of the data set was used for the validation process.

The overall prediction models, which used the data of every brand, were less accurate
than the single prediction models, which used the data of a specific brand and drinking yogurt
type. For the accuracy test, the prediction models for overall drinking yogurts obtained from a
fixed angle rotor centrifuge and a swing-out rotor centrifuge gave coefficients of determination
(RZ) 01 95.92 and 88.67 %, respectively. The accuracy of the models might be increased by

choosing appropriate input data and adding more input data in the network structure.
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e 13.2 4.1 2.9 45

31: Morin e al. (1995)
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R (kg) (%) (%) (%) (%)
Té’lﬁﬁllﬁﬁ' 36.70 3.33 2.87 4.81 14.37
103550 23.60 4.10 3.60 4.86 15.24

31: White et al. (2001)
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Holstein Jersey
'CONFINE ~ “PASTURE  CONFINE PASTURE

Milk yield (kg) 36.70 27.50 23.60 24.80
Fat (%) 3.33 3.23 4.10 3.68
Protein (%) 2.87 2.94 3.62 343
Other solids (%) 5.74 5.53 5.78 5.75
Solid non fat (%) 8.63 8.47 9.46 9.19
Lactose (%) 4.81 4.61 4.86 4.79
Milk urea nitrogen

15.44 15.40 16.56 16.80
(mg/dl)
Somatic cell count

71.00 453.10 132.80 276.00

(103 cells/ml)

LENRETN ALY ' Treatment group of cows fed a total mixed ration.
* Treatment group of cows with pasture as the forage source and supplemented with

5.5 kg of concentrate per cow per day.
an: aaulasain White et al. (2001)
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Protein Protein
(/) (%)
Total protein 33 100
Total caseins 26 79.5
alpha sl 10 30.6
alpha s2 2.6 8.0
beta 9.3 28.4
kappa 33 10.1
Total whey proteins 6.3 19.3
alpha lactalbumin 1.2 3.7
beta lactoglobulin 32 9.8
bovine serum albumin 0.4 1.2
immunoglobulins 0.7 2.1
proteose peptone 0.8 2.4

31: Hui (1993)
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M31an 7 Usnaveanssglunudaa

13519 USuams 519 (Waansuaoans)
JETEHLY 350-900
Twunenae 1100-1700
naolsa 900-1100
HAQLT L 1100-1300
UUNIIFYL 90-140
Woaosd 900-1000
Man 0.3-0.6
danzd 2.0-6.0
NOILAN 0.1-0.6
UNaMid 0.02-0.05
Wgoolsa 0.03-0.22
w15 1Haw 0.005-0.067
ToToRu 0.26
Tavean 0.0005-0.0013
Tnsiiloy 0.008-0.013
Tuavaly 0.018-0.120
Hina 0.00-0.05
Fanou 0.75-7.00
1N 0.04-0.50
ANy 0.02-0.06

31: Hui (1993)
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Y 1a a a A Qg)/ =} 4 a A A Y g’ 9 1A a A 1
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a Aa Aa g 9 a a a 1 a @ A a

wazdniua 1udy Usuaiaiuaieg vesunan Tagmaganananinei 8 Usuaves
Aa A A 1 A 1 @ @ o 3 a
Amiuatiaa1en Tuuuauzuana 19AUMIMITLE T 99018 MINUUN DA WAZMTHAN

Q

M3199 8 USave M TusHAA1Y) UBIUVEaA

Y suuaoans
10 400 pg. RE'
f 40 1.U.
G 1000 pg.
IR 50 pg.
11 450 pg.
12 1750 pg.
luezdu 900 pg.
6 500 pg.
nsaunu lnmnin 3500 pg.
luTenu 35 ng.
nsa lvan 55 ug.
112 4.5 g.
a 20 mg.

LENREN Y] 'RE = Retinol equivalent; 1 RE =1 pg retinol

31: Hui (1993)
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sA A
Streptococcus thermophilus, Bifidobacterium, L. acidophilus wag/Msegaunssounlylums
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ponu nTeationn Idanidaaanunaus Tunuias nazdave umadnImeduuY aanwi 11

Liquid discharge Solid discharge

d’ A Iy A ~ 4 @

MNN 11 mﬁaqﬂmmﬂwug{uﬂtzuuaﬂgaﬂ

a

NANN: Earle (1983)

a A O = ~ 4 .
5.2. %u@mﬁmgumaamimﬂumaﬂwuﬁuﬂ (Rickwood, 1984)
' S o
5.2.1. NI UYULDULNITDDN (swing out rotors) NITHYULUDUU AIDYN

A A2 o o A A ) Y 4 9
awazawiuwami]3maauwmmﬂﬂmmuﬂuwyu aannd 12 denlsmsilumiesnie

< <
ﬂ’JHJLi’J!LU‘U%ML@Zﬂ’JTMﬁ’Jq\‘i
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(a) )
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i | —eED
© (a)
—[ L1 -
L
2

MU 12 MINNUVBINIHYUUDULNII0DN () ANHULVDIAIDENNDWSTUINUIAY
k4 1 v v 4
f108199gF U (b) ITUNMIMIBINADAAIDINILYNINIBI00N IUANHULAIRINAY

] I~{ z {
u,mumgu (C) ETJLUJUﬂﬁLLEJﬂ"ll’E')\‘llegﬂ1ﬂ%$LL°]J\‘lfJﬂﬂl”]J‘L!“b"LJ (d) wqwmim%a
131: Rickwood (1984)
5.2.2. mmymmuﬁmuwm%m (fixed angle rotors) HADAAIDHNIILINAN

1R8I NYN B 14 — 40 93971 AININN 13 M AVDYNIANUANNUANANNY NMITHYU

dy < 1
puutiensnldanusigannnii 600,000 g 14
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(a) (b)

centrifugal force

AN

©) C)

—

BoR

H o o % 1 1 4
MU 13 MIMOUVBINIHYUUVURNNUAYNIDYA (a) nTourasadiosldaslulsmes

(b) (FTUMIMILIATDINILDIIAWLUILT (¢) DUYMANANNUILUINAY (d) Higa

12899UNIAZLENA Tnoauysal
N31: Rickwood (1984)

z a [ an 4 <
5.2.3. MINRYUMVLUUINY (vertical rotors) L!ElﬂJGl%}ﬂ‘ULG]fuﬁ'i“l/‘hﬁ]ﬂ'ﬂlllﬁ')ﬁj;ﬁllﬁ%

an @ [l 3 Y {
Qﬁ@]%ﬁl“)ﬂlﬁii"hﬁ] HADAAIDYNISYNITNATNUUIAN AININT 14
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©) (b)

centrifugal force
—
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G ]

v Y
o v o 1 1 d o ]
ﬂﬁ/‘lﬁ 14 MIINMNUVDINM TUY ULV ULUIN (a) wIsuaoanled laaslulsmes oo
E4 v v H 4 v T H
ApFUNDGA UV (b) ITUMTIHIBINIAIDEAZA1TAZAIBITHATDUNATLTINYU

@ [l @ <
(c) GI’J’E'JElNLLﬁ%ﬁﬁﬁ%ﬁWElWﬁm"fl}Wﬂua (d) g‘lJLL‘U‘UﬂﬁLLEIﬂﬂIfN’E)HﬂWﬂﬂ%tﬂullﬂ‘u

o 4
(e) MYALTIHIYY () DYMALBNBDNNU TAUANYYI D]
3: Rickwood (1984)
6. Insavneilszannfien

1 a J o [
Tasavealsyannine (artificial neural network) e TuAANIIAAAMAAT F1HTL
o v A 4 . . 4 o o
UsLuanaaTAUNAAIIMIMUIVLUUADUIUATULAA (connectionist) LNDII1ABINTINNIUY
A ] A A ~ 9 o
vounIelszamluaueauyyinianuaso lumsFeugnisandigluuy (pattern
recognition) 118 M1359UN1UAIIN3 (knowledge deduction) IFURGINUANNAMNTONT TUADS

’ o ) sa & d‘ A o oo
YA (Gurney, 1997) 31004 1ag]5gilnsaliery wﬁaiﬂmﬂiwmmwau Hsgausulums

d 1
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Y
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(neuron) nuelszamunaziieg LG]S’E)MIENﬂ‘U‘]JS ?f"WWI’E)fJGlﬂaLﬂfNﬂu nanmin (weight)

@ v J
Gluﬂ’]ﬁﬁb’f]iﬂﬂﬂ‘ﬂl!@ﬂ@'lﬂﬂu ﬂ']i!ifllﬁ‘ﬂ']llﬂTﬂfJﬂ”Iﬁ‘]Jﬁ‘]Jﬂ”lﬂ'J'liJﬁ']ﬂﬂJlﬁﬂﬁlWllﬁNaaW‘ﬁﬂ’]in
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Useanineuaanni 15 ﬂﬂ!ﬁilll@L!agﬂig‘]_l'luﬂTSVIWQWHﬂJ@QLGﬁaﬁﬂﬁ$ﬁ’]'1/]1|1§]5]ﬂ auIn

v
a3118'1d@911 (Fausett, 1994)
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Y
v, dyaruans gniiuTaeaninmini 1d5usngadszanulszan (synapses)

J o 1 g’ o o A 9y ' v J 93
fl. l,c]faaﬂfl'3ﬁ’l'ﬂ'V]'lﬂ’]55')1|ﬂ’lu’lwuﬂllagﬁiyiy’lmﬂﬂ@umﬂ ﬁ'\iWﬁaW‘ﬁllﬂﬂ\iﬂa'lﬂ
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. Naawmmmaaﬂimmwmwaa am15af;Nllﬂmcnaaﬂizﬁmwawmaa”l@
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9. synapse strength 1Iﬂ’NiJﬁﬁﬂﬁﬂiuﬂﬁlﬁﬁluzlmﬂﬂﬁI‘L!ll ANUUITINITD

Ysuldnniszaumsailumsisous

o J 1% 1
. miﬂixmammmmmwaaﬂﬁzm‘mJﬁzﬂamsfaﬂ 2 ANy ulgﬁm long term
Y v
memory ﬁf) ﬂ1'iﬂ’i$%18ﬂ1ﬁ1ﬁﬁﬂﬁﬂQiuﬁﬂﬂizﬁ1uﬂi$ﬁ1ﬂ I8 short term memory ﬁf) N3

@ A 1 4
nszedyangndan lnsrradilszam

1w 4 1 I~ [ A
¥. Myadyavveuradlszamangalsseulszanuiuiiv 2 anvas e

@ 9 . . I ) Y o R 9 = = d?
ANHAUSUBINITNITTAU (excitation) L‘]J‘Llﬂ?i'ﬂflﬂﬂﬂJQ_l'lﬂ!ﬁQN"IulslﬂiJ'liJﬂ'J']iJﬂqxisUu Lag
1 v 0

@ Y 3 . . 3| o Y o A = a
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yandsyannuypd yaddsyeanniion
dendrite input node
soma hidden node
axon output node
synapse weight
~10"" neurons ~ 100 nodes

N Gurney (1997)

Fixed input xg =+ 1

Xy O-

WO | wig = by (bias)

Activation

Function
Output
> P®) g
.
. . Summing
. . Junction
s My O
Input Synaptic Threshold

signals Weights

d' = =} ] 4 ¢ Y o [l 4 =
MAUN 15 ﬂﬁL‘]JiEJ‘UL‘VI‘EJ‘]JIﬂN‘lJ”IfJL“]fﬁﬁ‘]JS%ﬁWIiJ‘LgEEJ (5189) ﬂﬂmwwmaaﬂﬁzﬁmmau

()
131 Gurney (1997)

6.1. Tassasveslnssiielszanifion (qaiing, 2550; Rao and Srinivas, 2003)
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i linaaailyanvesineau weiinsanvinaudrauesiivinalvaniveauilszam

9
euod1aun saunaradlszamislianududouniimitedesueiieau jluunves
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1 = 9 1 1 o’/’ d' 1 [ 1
Taseedszaniney Ysznauaie viledszamluuaaz s tazmsouaonuluseyiang

E4
v A

QSJ‘ a 9
¥ 93118 1daail

qgj % Y . 3 dyd qgj = o ] " W
6.1.1. FuAws1an (input layer) FUUNFULAYD NUIUKUIGsTENMNY
o Y @ 9 o qﬂll @ Y I 1 9 YA
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6.1.2. ¥ugoU (hidden layer) FUHAWITOUTIUINHUIOYTZ AN (node) a8
o 9 1xY o w A ] 19 Ao 09/’ o ] o 9Jq ¢
1uuld lifivesidanuruey uadlisuFurars unislszamun i 1d 1y
1 Y

sraznalumsmusnn vaz luaansonsiunanulsald (overfitting) tagaisuIugu
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sazdwaurilszenndoanu 1l sz Timamsdnnumanuaaanaou lugdigya
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A1 (convergent) azraawsf lao1 lugndss BedesihmalSeuieunuseninalasine
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m lsezmlimsaiuna ldnadni
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6.1.3. Fuanlsoon (output layer) ¥UUN wAgwazuNUIUKUIBYTTA M

UGl soonndeans

o 1 = ld' ] QsJ‘ [] 09/’ %
msfmunved lnssielssammenegnvitelszamlususounaz suduls
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M 16 Taseadaveslasannedseaniie

ﬁu1:PaHemon(l996)
6.2. ManMIMINUVeelasavielszarnien

mymauvedIassnsanulszamion ae Wolimdualsinilowdund
1 o 1 @ 9 [} 1 oy [} 1 1 d‘ d‘ Y 1 d‘ 1
e thamdudsdnguiuaniniinveswaazmntlou wad ldanaintlounna Aves
a ) 1] Y o =\ 1] VA 1) A o Yy 9 s
1150UZINT AU AN uReUAUAUTUAY (threshold) Nivua 1A dwasruTan
WINNMANTUAYL Haseurzdemauilseeniidesnsesn 1l maulseongndslldenian

9 a A a A @ [] Y 1Y VoA 9 1w [
wilsidhvesiinseudus MFeunulurisau fiaesnnausudu adaulseenas liugn
ddﬂ@ﬂqﬂ(Paﬁemon,l996)
% 1 d‘ o % 1 a a (] =) =% dy
a9wa19) NdAyAedszaNTAINNITNNUV0IUITOUNAIU (Demuth ef al.,

2006)

' oy Y ' g/ v g o o @ 9 a &
6.2.1. AMUIUN mumumﬂumi’miauaﬂgmﬂmmuﬂimwmmmu °§\‘1ﬂ'l
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@ . . A o o . .
6.2.2. WINFUMNTTIY (summation function) 5OHIAFUYAFIU (basis function)
J o t;‘o 9 ~ [ @ 9 o 1 oy v A 9 o d v
Hansuiiminnsmdyanavesaaalsinuanimiininm i Aansumssi e

uuadlu 2 szian Ao

o o a J o yd o o a
6.2.3. TlendugyagruuFudu (lincar basis function) Henduiiuilenduriia
o

J < J o @ 2 3 v
lanlosuwau (hyperplane) Taontlulanduyagiuouauinila wasmaNMssINaY IR

LL‘]JiHSJ)W uﬁmﬁqaumiﬁ 9
= ¥ oo
Uy = L=y Wy 9

o o a o Jd o Y I o o a
6.2.4. WaNFUYag1BITA (radial basis function) HanFuinuansusiia
J J I Jd o v W { o %
laulosenilos (nypersphere) Taaniluilanguyagiuduaunass wasmaNMITIVay IR

Y Y A
U517 LaAIAIEANNTN 10

i "
u, = ﬁfﬂf‘:i(}{: —wy k' (10)

J v J v {
6.2.5. WaRFUNTZAY (activation function) n3oTINFUMTIIAGY (transfer
. U o Y o Y A o Y I @ a
function) WendunszAuiminnlszuanasmvesdyaa liiludunlsoenvesiisen ms
J v 1 a A ) T
wonlFilandunszdquiinadelszaninmlumsianvesinssielszamiion gluuvves

d o a ' [ !
HandFunszquaiianieg uaanan1s e 12
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319N 12 J1uuvvesflandunszquatianie

o o 9 Y
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Output a

Competitive

a = compet(n)
a
+1

Hard limit _—
a = hardlim()

Symmetric hard limit 0

Log sigmoid 0

Positive linear 0

Linear 0

1.0 --
Radial basis 03
0.0 -0.833 +0.833
a = radbas(n)
a
Saturating linear T LO o
a = satlinfn)
a
........... BRI
Hyperbolic tangent sigmoid o/:' g
L

a = tansig(n)

#31: Demuth et al. (2006)



44

o d‘ [ 9J a o Y] 9
NNUVVTI0 IUMNA 16 Awtlsidvedidgeugminnsuny lagly
7o : { o 4 7o 7w
Wenduyagiu neudidulsesnioenanilaiduyaguuazgnuilasdleilsidunszdu uaaq
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w = Z W T W pag (11)

A A 2 a 3 ' Y a qu/ o
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A ' 3’ o Aq Y 4 ) qu o v v oA qu
w,  fe Anhwinnlylumawendetitseulusuilgiuiviinsonludy
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n ao S1auihsoulusuilagiiv

o Y { Y s Yy @ o
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11)500NVDINITOU LAAIAIFUNTN 12
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dulududali wsetluadnnlseenuesInssined s aniiou

Jd o
0 A laddunszdu

~
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6.2.6. ﬂﬁﬂi“]JﬁU’fJ’U!fUmLagmﬁuﬂ"]fNGUENGU’mJ“aﬂgl“]ﬁlﬂ (scaling and limiting)
[ 9 09.: Y ' 09/’ ' =2 A o Y Y '
midSuveuavesgavayaiariua legluriedud -1 89 1 e e uvavesloyang
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Tuaamsiauvessilansumslasu

6.2.7. ARANAIA (error) MIANMIFoUTV0e AT szadion vz 19
AanaasznInalseonves Inssedseamisunudoyadhmane 114 Tumsdsoem
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o = 9 . o ~ YA v !
6.2.8. @ﬁiWﬂ’lﬁliﬁluqﬁ, (1earn1ng rate) f]@li’]ﬂ’li!iﬁluqﬁ,ﬂNﬂWﬁ\i %g‘ﬂ']slﬁiﬂﬁﬁelﬂﬁl
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~ 9 ] =}
6.3. ﬂi%‘lﬁluﬂﬁ!,3ﬂugﬂlﬂﬂjﬂﬁﬂﬂﬂt’lﬂﬁgﬁiﬂm‘c’m

= 9 ] = = [
ﬂi%‘]JTLlﬂ'l'i!,'5ﬂug‘l]’f)\ﬂﬂﬁx‘]‘lﬂ‘c’lﬂﬁgﬁ'mmﬂilil 2 anYUE (Demuth et al., 2006)

6.3.1. MaiseuiuVVTNIaeU (supervised learning)

P ) 1o Y o 4 q 9 ' v
m3ldgduunvesgadoyagamlsidn-annlsoon e ld Insenie1a
a oy ¥ o J Y Y 1 A q 9 Yo 1 Y 2
Foudmanuduiuinieluvesdulsidiae el ladulseonveslnsaiielndifes
A v o Ao [ 09.1’ = 9 dy Y o Ay g o @ 1w
Wiensenualsesnidivua auiumsFeuiuuuil Mdulseeni 1d luassiuamdauls
a9 ' 1Y A o o Y ~
20NNIADINT (target output) 159 1BazdIdoyanNuAMImAToUNaY TS DuAR A1 @

A ' A q 9 Yo Aa v A Yy w1 o =
o ToaluTaseiie e 1w ldaulseenilinnugndesie Indfesiumauilseoni

Y @ A
ABINIT ANNTNN 17

Training

Parameter (adjust weight)

Input I:> Neural I:> Training
Data Networks Output

Target

Output

d' Y ~ 9y =
MAUN 17 Iﬂ‘i\iﬁ‘iN"U@\?ﬂﬁliﬂuzlm‘]ﬁJﬂﬁﬁfJu

131: Demuth et al. (2006)
6.3.2. maizeuduunlilinsaou (unsupervised learning)
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%ﬂﬁﬂ?ﬂﬁyﬂlﬂﬁﬂlﬂyjﬁqﬂ (L‘]Jifl‘UWl‘(’J‘]Jﬂ‘]Jﬂu U NITVUIIATNTOUINUISWUTNY WUFAAINTY

a

anpazgdsvesiuldoslas lililnsaou) denmi 18

Training

Parameter (adjust weight)

Input I:> Neural I:> Network
Data Networks Output

= Y ~ Y =
HMNN 18 Tﬂﬁﬁﬁﬁ'l\‘]ﬂ]@\‘lﬂ'ﬁlﬁﬂugllﬂﬂllllllﬂ'lﬁﬁ’l’]u

131 Demuth et al. (2006)
o ] =
6.4. M3Uszgna lnsvieszaminon (Patterson, 1996)
6.4.1. M5IAITVALIDYA (content addressable memories)

Tasenedszenmionunriaaunsaisouiiazaasizluu Weling
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Foud namsnugluuuiGend lagase nienuuniimsdadeusazuandisesn bl Fuieny
A a 9 dyd 1 A [ wAa 19 ~ 1 da'
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38071 M3don Teanaany
6.4.2. NMIAIUAN (control)
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AUAUNTZUIUMIHAR M3 1 IngAD
6.4.3. ﬂ15ﬁﬂ5@%@§ﬁlLﬁ$ﬂﬁﬁ1!LNﬂﬂTW (data compression and general

mapping)
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195U @) 519730 n 1A uaioru Iasenelsz ey dualsnazias m A (m < n) Faily

maulaslieglugddadnvaivesnquiitiiiousu mstudadeyaimirluldlumssisw
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6.4.4. MIIUINY NTUATIEH (diagnostics)
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6.4.5. MIMANITU WIINTM (forecasting)
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6.4.6. MITIVTINAAWOUATOIAITYYIUHABIATOI (multisensor data

fusion)
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6.5. M3UszuranauVdouUndl (backpropagation) (Demuth et al., 2006)
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6.6.1. M3HAAULILIL Batch Gradient Descent (Traingd)
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6.6.3. MINNAULUD Batch Gradient Descent with Adaptive Learning Rate
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6.6.4. MIANHULUY Resilient Backpropagation (Trainrp)
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6.6.5. MINNAULUD Conjugate Gradient Descent Backpropagation
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731: Sofu and Ekinci (2007)
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Experimental shelf life (d)

0 2 4 6 8 10 12 14 16
Predicted shelf life (d)
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ﬂ"l‘Wﬁ 20 ﬂ’NllfffiJ°IN'LJ‘ﬁ‘i%“l’i‘i]Nﬂ1i]1ﬂﬂ131’]@’@fN!LﬁZﬂ1ﬂ1‘i‘l/ﬂlﬂ€l’ﬁ'ﬂ§ﬂ1‘i!ﬂﬂﬁﬂ‘HWSU’ENIEJLﬂ‘iG]
#31: Sofu and Ekinci (2007)

Singh et al. (2008) ladnymstineguammelseamdudauosun UHT
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o FS/TS

O

Input Layer Hidden layer Output Layer

a ¥ " A Aq Yo o o
NMNN 21 Iﬂi\‘]ﬁiN"U@\‘iTﬂi\‘l"lﬂﬁlﬂ‘i%ﬁWﬂL‘ﬂEJiJﬂigﬁﬂ1u18ﬂﬂ!ﬂ1WﬂNﬂi$ﬁ1ﬂﬁNWﬂ"’llf)\iull

UHT

LENREN Y] 'REFL - reflectance value(Colour), THMF — total hydroxymethyl furfural
(Browning), TBA — thiobarbituric acid ( Oxidation), FFA — free fatty acid (Lipolysis),
TNBS —trinitrobenzene sulphonic acid (Proteolysis), ’FS — Flavor Score, TS — Total

Sensory Score

f31: Singh et al. (2008)
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y=05819x + 14.223

40 1 R%=0.8694
=]
@ 35 -
G
b
o 30 -

25 -

20 . : : .

20 25 30 35 40 45

Observed
MNAN 22 ANNFURUTIEHINAIINNINAADAUAZAIVOINM NSV VT 10N 1
f31: Singh er al. (2008)
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L Meural Metwork Fitting Tool

== E

I-";§ Welcome to the Neural Metwork Fitting Tool

Use & feed-forvward neural network to fit an input-output data problem.

Introduction

With the Neural Metwork Fitting Tool you can select data, creste a

network, train it, and evaluate its performance by using mean
sguare error and regression analysis. If the first network does not
perform well enough, you are led through an terative process of
improvemerit.

P To continue, click [Hext].

Thiz tool iz sutable for static fitting problems using & standard
two-layer feed-forward neural network trained with
Levenberg-Marguardt. (Training is automatically done with scaled
conjugste gradient instead, if the data set is very large.) Use
MMTOOL for more advanced problems and network solutions.

a E) Mext ] [ @Cancel I

MWHUINA v1 1 T sunsy e #1449 nftool

9

Y

o Y] ' ' Y @ Ay
1.2.2. uwauamuﬂimﬂaaﬂmﬁm Input data Llﬁgﬂlﬂyjﬁﬁﬂllﬂiﬂﬂﬂﬂﬁﬂﬂﬂ'ﬁ

U

1 [ o A g o A
a9lureq Target data 18ONMIIAINUVVABANY HDTRYAYNININYNIT T1lsunTuIZIAA

WINAAINIWHLINT 12 taziipdnedoyara T1sunsuazuaaIrinANAInIMHLING U3

L Meural Metwork Fitting Tool

Select Data

Get Matrices from Workspace

lv Inpt Drata:
@ Target Data:

Samples are orierted as:

P To continue, click [Hext].

P
\’ ‘What inputs and associsted targets define your problem?

==&

Summary

Inputs are 4x105 representing 108 samples of 4 elements.
e e
Targets are 1:108 representing 108 samples of 1 element.
w7 ()

(7) Rows (@ Columns

Drata weill be normalized to the range [-1,1]. The
narmalization information will be stared with
the network object for future reference.

[ 4@ Back ” B Nest ] [ D carcel ]

1
= =

mmwuIndl 2 winallsunsuign edansdoyanss
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4L Meural Metwork Fitting Tool ==

Select Data
"\’ ‘What inputs and associsted targets define your problem?
Get Matrices from Workspace Sumnmary
. Inputs are 108x4 representing 4 samples of 105 elements.
b Input Dsta: irput T l:l
l:l Targets are 1081 representing 1 sample of 108 elements.

'@ Target Data: target -

Samples are orisnted as:

A DATA PROBLEM:

Pleaze select input and target data with matching numbers of
samples. The inputs and targets have matching numbers of rows,
perhaps you should select 'Columns' instead of 'Rows'.

Drata will be normalized to the range [-1 1], The
harmalization information will be stored with
the network ohject for future reference.

P Select better inputs and targets, then click [Hext].
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. Meural Network Fitting Tool ===
Validation and Test Data
Set aside some samples for validation and testing.
Select Percentages Explanation
a Randormly divide up the 108 samples: a Three Kinds of Samples:
W Training: 0% 75 zamples | NI Training:
These are presented to the network during training, and the
W valication: 22saMples | petwark s adjusted according to its error.

W Testing 10% E 11 samples Q@) valigation:

These are used to measure network generalization, and to halt
training when generslization stops improving.

0 Testing:

These have no effect on training and =o provide an independent
meazure of netwaork performance during and after training.

Restore Defaults

}‘] Change the percentages if desired, then click [Next] to continue.

[ @Back ][ ﬁNext ] [ @Cancel ]

4 1 4 T o 1
eIt w4 nihaldsunsy ieuisdeyaseniu 3 dau

Y v Y
12.4. @ons v Inuavssdugou Tasisudaua 1 09 20 Tnua TasTisunsy

2318090 YUV AT TTENNGY AININWHUINN U5

4 Meural Metwaork Fitting Tool ===
J Metwork Size
) Set the numbet of neurons in the feed-forward netwoaork's hidden layer.
Hidden Layer Recommendation
Mutnber of Hidden Meurons: 5| Return to this panel and increase the number

of neurons if the network does not perform
weell after training.

Restore Defaults

Architecture

Input Hidden Layer Output Layer Output

}‘] Change the number of neurons if desired, then click [Next] to continue.

[ @Back ][ ﬁNext ] [ @Cancel ]
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Tdsunsuazuaasdoyailumanuaaiamaouhasasunfeuazmdulszanimsandula

1 v 4
AannHUIN’ 17 Tasdoneuaniza1n 1491nn13 Training My

A Neural Network Fitting Tool

Train Network
Train the network to fit the input and target data.

Train Hetwork

Train using Levenberg-Marguardt optimization.

Training autormatically stops when generalization stops improving,
as indicated by an increase in the mean sguare error of the
validation samples.

Hotes

‘-:j Training multiple times will generate different
results due to different intial conditions.

E] Mean Sguared Error is the average squared
difference between (normalized) outputs and
targets. Zerao means no error, over 0 BEEY
means high error.

F] Train network, then click [Hext].

Results
a Samples E] MSE
G Training: 73
W validatior: 22
W Testing 1

@ Regression R Walues measure the correlation
between (unnormalized) outputs and targets.
An R value of 1 means a close relationship, 0

a random relationship.

A Y Y A X A Yo ¥
MNAUINN V6 wmmﬂﬂsLmﬁuwa’anmmﬂmug%wmg,a

=EEE

Cancel

<\ Neural Network Fitting Tool

Train Network
Train the network to fit the input and target dsta.

Train Hetwork

Trait using Levenberg-Marguatdt optimization.

') Retrain

Training automaticaly stops when generalization stops improving,
as indicated by an increase in the mean square error of the
walichation sarmples.

Hotes

"y Training muttiple times will generste different
rezults due to difterent inttial concitions

E] Mean Squared Error is the average squared
difference between (normalized) outputs and
targets. Zero means no error, over 06667
means high error

P View regression, train again, or click [Hext] to continue.

Results

& Samples E] MSE
W Training 75 219534e-1
@ validation: 2 4 3961 5e-1
W Testing 1 198411 e-1

D Wigwy Regrassion

[#] Regression R values measure the correlation
between (unnormalized) outputs and targets.
An R walue of 1 means a close relationship, 0
a random relstionship

==/E

#r
0873796
0792661
0571065

| ¢Back ” ﬁ)Next | | @Cancel |
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Figure 1: Regression Analysis of Outputs and Targets SEE
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L Metwork/Data Manager E=E=
W Input Dats: B Networks Al Output Dats:
@ Target Data: x Error Datar
) Input Delay States: ) Layer Delay States:
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% Create Network or Data ===

MNetwoark | Dats

Hame

netvwearkl

Hetwork Properties

Metwark Tiype: Feed-forward backprop E|

Input ranges: 155 1;0.0008 1;01]

!

et fram ingput:

Training function:

!

TRAIMLA

Adaption learning function: LEARMGDM

!

Performance function:

Mutnber of layers: 2

Properties for:

Mumber of neuronz: | 6

Tran=fer Function: LGS E

[ mVieW ][ iﬁ" Festore Defauts I

[ "f:rCreate H @CIDSE ]
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4 ===
W input Deta: W Networks ol Output Data:
Lt
B Metwork: netwarkd [oEEs
Wiew | Train | Simulste | adapt | Reintiaize wiights | viewEdt wieights |
0 Target Data:
target

B L

4 & 1

:‘) Input Delay States:

[ S ] [(Sew ) Dom | [ S ][ Hoome |

a Y o v A
NNNUINN V12 Wu'l@]'NI‘]J5LLﬂ53J1’ifl\ﬁ]']ﬂﬁ§']\Hﬂiﬂ‘U'lﬂ
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Train Network

B Network: netwiorkl (===

| vigw | Train | Simulste | adapt | Reinitislize weights | view Edt weights

Training Info | alicstion and Testing | Training Parameters |

Training Data Training Results
Inputs T - | outpus network]_outputs
Targets target |E| Etrars network] _errars

[ 't] Train Metwork

d' Y v £ A Yo
MANNHUINT V13 ﬁHW]NITJSLLﬂﬁJﬂ@uﬂ”ISNﬂliﬂug"l]”l
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B metwork: netwarkl [=][=]ES]

| wiew | Train | Simulste | Adapt | Reintislizs Weights | view/Edt Weights

| Traiing Info | alicietion and Testing | Training Parameters |

gpochs 100 mu_dec 0

ooal 0 mu_ine 10

s _fail 3 mU_Fra Q000000000
erm_reduc 1 showy 25

trit_cr & 1e-010 titne Inf

friLd 0.001

[ 'h Train Metwark

= a sq v =2 A Yo
MNHUINN V14 W'Ii1%!@]@5%1%11&?’]15“?’]!581‘!2%']

13.5. wasonmsaniFeuis TsunsuazuaasnshlszaninwlumsiGon
Yo w A Y1 :’ o 1 2 Ay ¥ = A Yo Y
§$ aammwuani v15 saz Idanihminuazareudean laninmsinFeuis uaadimns

{ ' :’ o 1 { ) IS
Nu')ﬂﬁ 4 mumummzmmmﬁmﬁ"lﬁ’ mmiauﬂﬂﬁ%’mﬂuﬁumﬂﬁ’

m MNetwork: networkl El

Wigw TTEU’]‘ Sirnulate | Aclapt | Reinitialize weights | “ieww it Weights

Training Info ‘ Walidation and Testing | Training Parameters |

Training Data Training Results
Inputs input - Cutputs netweorkl _outputs EI@
Targets target | Errars netweorkl _errors X 5
erformance is 0.0108279, Goal is 0
Init Input Delay States (zeros) - Final Input Delay States | netwark _inputStates ; : . i ) :
Intt Layer Delay States | (zeros) - Firal Layer Delay States | netwarkl_layerstates Train
Yalidation
Test
= -1
£ 10 i
=1
A=
o
o
10 L ! L L ! ! ! L T
0 10 20 30 40 a0 =] 70 =il a0 100
100 Epochs

H a a Yo
MupIni v15 nsmlszansmmlumsisouiin



q‘ 1 091 ] 1 = AN Y o = ~ 9
ATTNNUINN V4 ﬂ’lu’n’iuﬂl!ﬁgﬂ'll,ﬂumﬂxﬁﬂhlﬂﬂﬁ\iﬂ’lip\lﬂﬁﬂug

137

o

1

P
FUssOU

Fd
Fuauilsosn

1 =
ANUDULBEN

-0.00012756 -13.8847 -12.5969 -0.96071
0.13607 -0.78746 -0.1854;

4.9505e-005 16.8218 1.3698 1.8104 -
0.75525 0.37893 0.35953;

-3.9664¢-005 -13.4009 -15.1523 -1.8861 -
0.60572 -0.63855 -0.16109;
-7.0193e-005 10.6373 -8.4323 -1.4315
0.33601 -0.84887 0.38904;

-8.2626¢-005 -11.4568 -0.9184 -1.2731
1.3327-0.37776 -0.24274;

-0.00015229 5.7891 17.3385 -1.3121 -
0.012131 -0.48991 0.23647

66.0057; -23.9262; 73.7899; 26.4351;
13.71; -65.6437; -68.4964

0.1119 2.0527 2.1506 -1.3392

0.54267 -1.2322

1.1194

o % A . ] | 9
1.3.6. Msnagavaumsilalae naiuay Simulate Tusos mputs 1Hudoya

~

u

Y Y o IS o o A dy 3 @ A
ﬁ’t’]\iﬂ’ljcl,WIL]Jil!ﬂiiJV]'lu’]ﬂaﬂﬂll1L1Juflﬂﬂj“jﬂﬂ“ﬂlﬂiﬂjllﬂﬂﬂfﬂ LEAIANNINHUINT V16 NA

o Y :JI (% d‘ d‘ ) 1 d‘ 9
Simulate Network 1U51n5uagi e T uLensy LaasdamwinuIni v17 IﬂﬁluWﬂWﬂklﬂhlﬂﬂﬂ!

v Y
AU IUIUIUNUINTUDT
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B retwork: networkl

View | Train | Simulste | adapt | Reintislize Weights | viewsEdit weights
Simulation Data

S=EE

Simulation Resuhts

Inputs day0 E Outputs predict_day0
Init Input Delay States [zZeros)

Final Input Delay States | netwoaork] _inputStates

Init Layer Delay States (zeros)
Supply Targets |:|

Targets | (zeroz)

Final Layer Delay Stetes | network! _laver States

Errors netorkl _errors

Simulate Metwork

v v v
MNRUINT V16 Wﬁl}W]NI‘]JSLl,ﬂiiJﬂi’)‘LlﬂﬁﬁWH”IEJ"th’JH%HﬁH?J%SLLEJﬂ%L!

A Network/Data Manager

EicllEd

b nput Data: T networks Output et

inpLt netywarkl

daryd

& Data: predict_dayd =SE=EE
Value
[0.44964 D.22241 0.24162 0.30472]
G Target Data: u Error Data
aroet

Q’) Input Delay States:

\‘_') Layer Delay States:

[ 3 Impiort ] [ Z‘; MEw ] [ E Open ] [ & Export ] [ x Delete ]

A 1w Ay ¥ o Y
MAUNHINN VY17 ﬂWI’JLL‘]Jii’]E)ﬂ‘l/lllﬂmﬂﬂﬁ‘lmuwﬂ’)ﬂjﬂiuﬂi‘n
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2. anihmdnuazaewdaai laainllsunin MATLAB tazauns9i1uenIsuansy
dy 9 A P 9 A y ~ =~ 4 o =
2.1. wulsoamdeudumanes lsd #ldaTesilunioaniigud nuusmuayudes
Y ]
= 9 A J ! o
2.1.1. unfSemdenaumanes 15d 931 C nuUWI o8 UILY

s ludugou

[48.966 -8.7268 -1.3318 6.6596 4.8392 -2.0879 -9.5567;
-18.5341 -3.4111 3.4287 4.9175 -9.1546 -5.1092 -8.9117;
-55.1698 9.6302 -2.158 4.1716 2.071 -2.3062 0.23683;
60.7602 -12.3024 -5.7927 -5.3901 3.67 0.31253 0.48804;
-40.1749 -33.6048 10.8073 -4.1828 0.36306 2.8864 -3.6009;
1.7724 -53.9657 0.79772 -12.9433 -0.18373 -0.76755 7.8148]

Y Y
A lusuaulsoon

[-24.5783 15.8866 -12.4788 36.8268 39.1163 -32.1779]

Y
A uded lurusau

[-41.2092; 29.5199; 57.2735; -47.6195; 63.9644; 0.8697]

1 = z o
AneURee luFuAwlse0n

[-16.4931]
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o 3 dy 9 A 4
ﬁ'lJﬂ']ﬁﬂ'llﬂﬂﬂ'lﬁLLfJﬂ“D'L!‘U@QHNLﬂiﬂ?WiﬂﬂﬂﬂJW?ﬁl%@ﬂﬁﬁ 31 C Huu

[ o A 9 A y ~ =1 o o =
Wiﬂquuluﬂﬂﬁlsﬁlﬂﬁa\iﬂu&ﬁjﬂ\iﬁuﬁuﬂl!ﬂﬂﬂ']ﬂuﬂuﬂlﬂﬂq

o 9 | 1 g’ v v ' =
ﬂTVi‘LmGl‘H lﬂuNai’JiJ"lJE]\‘IﬂTHH/iuﬂﬂ“UﬂHE]uLE]EJ\‘I

8 . . .
11U Sigmoid function = e

Y] qg/’ a § < 1
FTAUMTUINTY (FUANAT) NANUSI 1100 TBUABUIN

Y] qg/’ a 4 < 1
FTAUNMTUIATY (FUANAT) NANUSTI 1500 TBUABUIN

N

Y] qg/’ a y < 1
FTAUNMTUINTY (FUANAT) AT 2000 TBUABUIN

W

v v v wn

Y] qg/’ a y < 1
FTAUNMTUINTY (FUANAT) AT 2500 TBUABUIN

~

X, = (pH = 48.96¢) + (TA x —8.7268) + (TBC x —1,3318) + (5, » 66504

= (5 ® 4B392) + (5 x =2,08791 + (5 x =9, 336F) - 41,2092 )
. 1
= 1+ g=ia

X, = (pH x 18,5341} + (T4 = =3.4111) 4 (TEC = 3.4287 } + (5, = 4.8175)

+ (5 = =P 15480 + (8, = =5,1002) + (&, = —S0L17] + ZQE1R¢
. 1
STl

Xy = (pll x =55,1690) + (T4 » 9,6302) » (THC x =2,150]

+ (8, % 417180 + (8. = 2071} + (5, x -2.3082) + (8, x 0.23683) + 57.2735
. 1
Ry

%y = (pH x 60.7602) + (T4 % —12.3024) + (TBC = —3.7927)
+ (5, % =3.3801) # (5. x 3.67) + (5. x 0.31233) # (5, x Q4BE04) - 47,6193

. 1
S

Hp = (pH x =40, 1748) + (T4 » —33.0048) + (TEC » 10.8073)
+ (8, % —=4,1828] + (5, x 0.36306] + (5 x 28364 + (5, = -3.6000]
+ 63,0644

1

1+ emfe

X, = (pH x 1.7724) 4 (T4 x =53.9657) + (TEC x 0.79772)
7

772
+ (8 % =12.9433) + (& x —0.13373) + (& x —0.76733) + (8, » F.5148)
10, 8807

-‘.[-g =

(1

)

3)

4)

)

(6)

(7

®)

©)

(10)

(1)

(12)
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X = (% % —41.2002) + (Y; % 29.5199) + (¥; x 57.2735) + (¥, % —47.6195)

+ (g = &3.9844) + (T = 4006971 — 16,4831 (13)

1
Days = | — % 34 (14)
14

J 4 o s @
2.1.2. uulﬂ?ﬂ?W%@MﬁﬂJWWﬁﬁ]ﬂﬁl‘liﬁ 2131 C LUUV IR UUIUY

st s ou

[-46.5556 -8.9555 -18.401 -3.2907 16.3751 5.9569 -9.9502;
63.5316-7.1105 3.751 1.8522 0.12553 -3.0609 7.286;
-37.5781 -5.8498 -29.7917 14.8514 -4.7673 2.4045 -1.5894;
7.7864 -2.758 6.958 2.0194 3.5534 8.1886 4.1844;

-37.424 -10.9734 -54.9359 -9.7525 -2.8616 5.7614 -0.075334;
-49.8421 -2.7035 0.01086 -1.4391 -3.2494 3.9638 2.8667]

Y Y
A lusuaulsoon

[-36.5387 -0.7164 36.9617 -2.1385 54.4192 -2.2807]

Y
A UDe I uTUFDU

[53.4406; -61.3452; 41.6728; -10.9443; 43.1831; 41.6499]

1 = 0’1’ o
AneUReluFuAlse0n

[1.2933]
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o 3 dy 9 A 4
ﬁ'lJﬂ']ﬁﬂ'llﬂﬂﬂ'lﬁLLfJﬂ“D'L!‘U@QHNLﬂiﬂUWiﬂﬂﬂﬂJWWﬁlﬂﬂﬂﬁﬁ 31 C Huu

] A 9 A y ~ =1 4 o =
"’U']ﬂllu!uﬂﬂqlslﬂ‘ﬂﬁi’]\ﬁju&ﬁ?ﬂﬂﬂuﬂuﬂ!lﬂﬂﬂ']ﬂu@agulﬂfN

o Y
fviva i

| ' g/ v w1
uluNanmmmmwuﬂﬂ‘ummu@m

8 . . .
11U Sigmoid function = e

Y] 09/’ a § < 1
FTAUMTUINTY (FUANAT) NANUSI 1100 TBUABUIN

Y] 09/’ a 4 < 1
FTAUNMTUIATY (FUANAT) NANUSTI 1500 TBUABUIN

N

Y] 09/’ a y < 1
FTAUNMTUINTY (FUANAT) AT 2000 TBUABUIN

W

v v v wn

~

Y] 09/’ a y < 1
FTAUNMTUINTY (FUANAT) AT 2500 TBUABUIN

X, = (pH x —46.5336] + (T4 x —5.9355) + (TBC x —18.401] (15)
+ (5 X —3.290F 15 X 16,3751} + (53 X 5.9569) + (5, x —9.9302) + 534400
L1 16
L= o (16)
X, = (pH = 63.5318) + (T4 x =7.1105) + (TBC x 3.791 1 + (5, x 1.8522) 17
+ (5. % 0,12558]) + (5, » —2.08600]) + (5, = 7.29¢) — 61,3452
L1 18
T= T (18)
X; = (pH x =37.5781) + (T4 x -5.2408) + (TBC x —20.7017)
+ (5, % 14.8314) + (5, x =4, 7673) + (5 x 2.4043) + (5, = —1,5594] (19)
+ 41.6728
L1 20
L= T (20)
X, = (pH % 7.7804) + (T4 x -2.758) + (TEC x 6,938 , N
+ (5, % 2.0194) + (5, % 3.3334) + (5, x §.1886) + (5, x 41844) — 10,9443
(= ! 22
L= T (22)
Xy = (pH » —37 424} + (T4 = —10.973¢) +(TEC x —34.9339) 1
+ (8, % =0.7323) & (5, x —2.8616) + (5, x 3.7614) + (8, x -0.073334) (23)
<+ 43,1831
= 24
T= T (24)
My = (pH x —40,8421) + (T4 x =2,7083) + (TBC = 0.0108¢&]
+ (g % =143910 + (5 % —2.2494) + (& % 3.0038) + (5, » 2.96¢7] (25)
11,6100
1
1.[-:; = (26)
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% = (T, % —385327) £ (W, % —0.7184) & (1, % 38.0617) + (¥, x —2,1388) @)
+ (Vg w B4.41921 + (¥ » =2,2007) + 1.2833

1
Days = 1 1= 3

= 28
L g @8

e Yy oA ! s Aq 9 A y A ~ o
2.1.3. uiJHJiﬂ?WS@M@NWWﬁL%ﬂﬁlfliﬁi?N M31C ﬂﬁl%mﬁmﬂumwwuﬁummu

MUUAIDE

siminluduson

[47.5899 -1.8659 2.768 1.7363 -4.7844 0.24552 2.4025;
-47.6427 -24.8374 9.9961 3.7804 0.5049 3.897 -3.1918;
66.1874 35.291 -11.4932 -4.139 -0.18861 -6.6568 4.6478;
-4.3156 -3.5158 -0.036812 5.5469 -3.7758 1.3497 -7.0966;
-6.8753 17.7607 -3.9601 -5.7774 -3.3154 22.5568 1.0317;
20.6355 43.7363 -23.7999 29.966 -16.9264 -6.1503 -0.021202;
68.7785 10.4851 0.48395 -3.0196 0.25485 -2.54 0.64492;

49.8484 27.5078 15.1958 -3.5734 -0.084692 -3.9829 2.3422]

v Y
A lusuaulseen

[0.82406 -38.7771 -27.7309 3.5546 -8.548 -8.3654 26.8053 -17.6237]

Y
AneuRed luFusou

[-54.8785; 65.766; -92.9887; 6.188; -17.3221; -45.4926; -65.0255; -67.2218]

1 = us.l} v
ﬂ'll'ﬂul’f]ﬂﬂiu%u@ﬁllﬂiﬂﬂﬂ

[28.0171]
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o o < y A N @ Aq Y A
ﬁ'llﬂ131/]1141'(’1ﬂ1ﬂlﬂﬂ“1ﬂﬂ]@\11!1]£ﬂ3EJ’JWi’f)?JﬂiJW"IﬁLﬁ]’E)ﬁhliﬁﬁ'nJ A31C '1/]16]5!,?]56\1

Y { J o
Jumisantguonuuiuayuve

o 9 | 1 g’ v v ' =
ﬂTVi‘LmGl‘H lﬂuNai’JiJ"lJE]x‘IﬂTH1WHﬂﬂ°Uﬂ1LE]HLE]EJ\‘I

8 . . .
11U Sigmoid function = e

Y] 09/’ a § < 1
FTAUMTUINTY (FUANAT) NANUSI 1100 TBUABUIN

Y] 09/’ a 4 < 1
FTAUNMTUIATY (FUANAT) NANUSTI 1500 TBUABUIN

N

Y] 09/’ a y < 1
FTAUNMTUINTY (FUANAT) AT 2000 TBUABUIN

W

v v v wn

Y] 09/’ a y < 1
FTAUNMTUINTY (FUANAT) AT 2500 TBUABUIN

~

X, = (pH = 47,3899 ) + (T4 = —1.8639) + (TBC x 2,768) + (5, = 1.7363]

+ 05 X =4 7044} + (5 = 0.24332) + (5, » 24023 ) — 34,5783
. 1
LE T

o = (pH x 47,6427 1 + (TA x =24.8374) + (TBC x 9.0961 } + (5, = 3.7804!

+ (5 = 0B0490 + (5, = 3807 + (& = —3.1028) + &3.76¢
. 1
STl

X, = (pH x 66.1874) + (T4 x 35,201 + (TBC x —11.4932)
+ (8, % —4.139) + (5, x —0,18861) + (5; x —6.6568) + (5, % 6478
— 92,9887

. 1
Tl

X, = (pH x —4.3136) + (T4 x -3.3138) + (TBC x -0.036812)

+ (B % 334800 + (5w —37730) + (5 w0 L3497) + (5, » —T.0088)
+ 6,188
; 1

S
X = (pH » —08738) + (T4 = 17, 7007) + (TBC » —3.0001) 1
+ (8, 2 =3.7774) + (8, ¢ =3.3154) + (5 x22.3568) + (5, x 1.0317)
- 17.3221
. 1

Tl

X, = (pH x 20.6335) + (T4 x 43.7363] + (TBC x —23.7900] 1
+ (Fy A 200000 + (0 % —10.0004) + (5 % —G1308) + (& » -0.021202)
15,1926

29

(30)

(€2))

(32)

(33)

(34

(3%

(36)

37

(3%)

(39

(40)



M. = (pH = 08,7783} + (T4 = 10,4831} + (TBC = 0.45393)

+ (G % —3.01981 + (5 % 0.25483) + (5; % —2.34% + (5, »x 0.61492]

- 63,0235

1

T

X = (pH % 49.8484) + (T4 % 27.5078) + (TBC % 19.1958) 1

+ (5, % =3.3734) + (5, % —0.084602) + (§; x -3.9829) + (5, x 2.3422]
&F.2218

1

Tl

% = (T, % 0.52406) + (Vs % —38.7771) + (V2 x —27.7309) + (¥ x 3.3544)
+ (Mg » —8.548) + (T, » —8.3834) + (1 = 28,8033} + {1y » -17.8237)

+ 28017

e

Ty

1
Days = 1 —1 % 34
1+ g=ix

dy Y A a'lrl S Aq Y A y A = J 1
2.2. uudSemseuANIIas Isa chmmaﬁlumwmuﬁumm‘uumqe’aﬂ

Y 1 v
2.2.1. wnlsemdoudumanos lsd a1 D naudy

s ludugou

[-21.2053 -40.9014 309.8641 -39.1362;
-59.3591 -0.71959 16.3586 -0.050098;
-22.8468 49.8008 17.9881 -6.1364;
82.5646 -27.7507 -30.511 -33.7186;
22.9549 70.3001 269.5775 5.5471;
109.3406 -21.3982 12.452 -0.72226]

Y Y
A lusuaulsosn

[-43.5292 -4670.8123 -3614.4619 11.0737 8.8242 -11.1647]

Y
Ao uded luruseu

[-122.9409; 65.9502; -9.4552;-50.2954; -95.1675; -82.5616]

1 = z o
AneURee luFuAlTe0n

[8283.9751]

146

(41

(42)

(43)

(44)

(45)

(46)
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o o g y A 2 <
ﬁl]ﬂ’]ﬁﬂ’]u']ﬂﬂ'lﬁlLfJﬂ“D'L!GU’ENuulﬂﬁﬂ?WﬁﬂuﬂuW’]ﬁm@ﬁﬁﬁ 31D lﬂu

E4
v A
U
o 9 < Y ¥ w1 =
fmuald X, - X, HurasauveInnihmiiniuA e 1D
) o . 1
Y, -Y, 11U Sigmoid function = —
,  1+e 1
T A LL“L!L!‘IJENﬂﬁllﬂﬂ%uﬂﬂﬁ'ﬁﬂi’li@‘ﬂ 600 TDUADUIN

X = (pH X =21,2003 } 4 (J& x —40.8014) + (FBC X 309.9641)

+ (T, % =38,13621 = 122.9400 “7
T, = _t (48)
T e
¥ = (pH % =59.3391 | & (T4 » =0.71838] & (TR x 143586 49)
+ (T, % 0.050002) + 65,9502
T = L (50)
STl
Xy = (pH x —22,8468 } + (T4 x 49.8008] + (TEC x 17.9881) 51)
+ 0y X =015040 = 9, 4o52
T = L (52)
Tl
X, = (pH = 82,5846 ) + (TA = =27.7207) + (TBC = -30.511] (53)
—'T_ W =39, FIRM] — A0.7054
T, = ! (54)
S
X, — (pH » 22.0540) £ (TA % 70.3001) & (TEC » 260.3773 55)
+ (T, x 5.5471) — 05,1675
T = ! (56)
T e
X = (pH % 109.3406) + (TA x —-21,3982) + (TEC » 12,452) (57)
(T, X =0,72226) = 32,3616
T = ! (58)
Tl e
Hr m (¥ % —43.5292) + OV » —4670.0123) + O » —3614.4628)
+ (¥, % 11.0737) + (T x 8.8242) 4 (¥, x -11.1647) (59)
<+ 52253 9751
1
Doy = () = 36 (60)

1+ e
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J 4 J 1 %
2.2.2. umﬂ?mw%’euﬁuwmmaﬂw #1371 C HUUNIDINULUY

i ususou

[-35.0725 -18.5293 -107.8514 7.7662 71.3853 43.7499;
-142.4388 124.4753 17.5667 -1.3905 -2.418 0.11434;
-47.2103 -15.0421 -30.3038 -1.1073 1.1098 -6.113;
-119.6709 -7.0362 -2.3158 13.5413 -3.4153 -8.0012]

Y Y
A lusuaulsosn

[-1.0481 -2.294 16.6344 -62.973]

Y
A uDed ULt U

[51.6848; 20.5385; 57.4134; 117.5847]

1 = z v
AneUReluFuAlse0n

[0.69037]

y { Y 4 J 1 %
’(?fiJﬂ15ﬂ'li‘ﬂ‘L!WFJEN“L!?JHEEJ’JW%}EHJaNWWﬁH]E]ﬂiﬁ #1371 C HUDUNWIDINY

I o dy
e 1unatl

Y
o I 1 o v o [
m‘ﬁuﬂclﬁ) X, =X WurasINUBIANNHTNA LA D UIDEY
Y Y (11 Sigmoid function = —
— igmoid function =
b & , 1+e7D
1 o § < 1
T1 mﬂmuummmm&m%uﬁmmgmian 600 iE]‘lJG]E]u'lﬁ
1 qu’ § < 1
T mﬂmuummmm&m%uﬁmmgmian 800 iE]‘lJG]E]u'lﬁ

1 qu’ { < 1
T ﬂ1ﬂ$l,l,uu"ll@\‘1ﬂ'liLLElﬂ“]leﬁﬂ'J'liJ!i'Ji@‘U 1100 ﬁE]'UG]E]u'Iﬁ



X -'pH % —33.0725 )4 (TA % =18.5203) + (TBC x —107.8514)
ﬁT h??lflfﬁ'“-,-r » Tl SIII.:rS'--ﬁT s 43, 74990 + 51,8040

1

1+ e

1.[:1 =
Ny = (pH x —142,4888 ) + (TA » 124.4735) + (TBHC » 17,3007
+ (T % =1,30080 & (T. % —2.418) 4 (T= = 0.11434) + 20,5383

1
1+ e

T: =
M = (pH x —47.2108 ) + (T4 x =15.0421) + (TEC x —30,3038)
+ (Te % =1.10730 + (T % 110980 + (T2 % —6.1131 + 57,4134

1
1+ et

T; =
X, = (pH % =119.6709 1 + (TAx -7.0362] + (TBC x —2.3158]
+ (T, x 13,3418} + (T, » =3.4133) + (T; x —5.0012) + 1173847

1
1+ emis

-‘.[:,f_ =

By =00 % —L0481) + (0 % —2.294) + Ty X 10,0944
+ (¥, % —62.973) 4 0.60037

1
Days = 1 =1 % 3t
E--H'lz.

1 &
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J 4 J %
2.2.3. uulﬂ?ﬂﬂwgﬂmﬁﬂwqﬁmﬂﬂﬁﬁ #1371 C HUUVANUIUY

s s

[76.0976 -19.5704 -90.7249 -4.237 -6.3258 11.7721;
127.5895 8.6369 16.8306 4.0142 -2.1482 2.9983;
130.625 50.2061 8.346 3.4638 -4.2093 -28.4864;
17.472 82.6867 4.145 -8.0019 -4.1477 -7.3784;
-63.9679 32.6409 2.0272 -0.18305 -5.7649 -1.693;
91.4874 118.1705 14.9408 1.1567 3.668 -4.067;
-13.8486 117.884 -0.46881 6.5301 1.8898 -0.40732]

Y Y
A lusuaulsosn

[-3.1798 -16.1973 8.0275 -10.7273 24.908 -56.8331 85.0641]

Y
A UDe I UTUFDU

[-57.7993; -142.8756; -147.4003; -84.8811; 32.5327; -181.8447; -79.1568]

1 = 0’1’ v
AneURelusuAse0n

[-28.5255]

Y { J 4 4 g
’(?fiJfﬂiﬂ'li{'HLW?]ENumﬂgﬂ’JW%}@MaNWWﬁlﬂﬂﬂiﬁ #1731 C LUUVIANUIUY

I ] J
Wluaatl
o 9 I [ oy v o 1 =
ﬂ'l‘ﬁuﬂclﬁ Xl _Xx Lﬂuwaiammmumuﬂﬂummumm
T ) 1
Y, -Y, 11l Sigmoid function =
1+e~1
1 1Y § < 1
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T ﬂ'lﬂgll,uu"ll@\‘lﬂ'liLLEJﬂﬂleﬁﬂ'J'liJ!i'Ji@ﬁJ 1100 ﬁﬁlﬂﬁﬁlu'lﬁ



5 -'FHK.FEU'E'#E T4 (T4 % =10.5704) + (TBC % —20,7249]
+ (T, w =4,2371 + (T w =6,32500 + (T: = 11,7721 — 57,7993

1

1+ e

1.[:1 -
Xy = (pH » 127.3893) + (T4 = 6.0309) + (TEC » 16,5630
4 (T, % 4.0142) 4 (T. % —2.14827 4 (T. » 2.0983) — 142.8756

1
1+ e

T: =

H; = (pH x 130,625 ) + (T4 = 50,2061} + (TBC x 8.346)

+ (T, % 34638 + (T2 % —42093) + (T; x —28.4864] — 1474003

1
1+ et

T; =

X, =(pH % 17472 J 4+ (T4 % 82,6867 + (TBC X 4.145)

+ (T, % =&.00180) + (T, % =4 1477} + (T x =7.3784) — 84,8811

1
1+ emis

-‘.[:,f_ =

Gg = (pH X —03.900Y 1+ (T4 ® 32.0408) + (VBC = 2.0202)

+ (T. % =0.18305) + (T; % =5.7648) + (T » =1.693) +32.5327

1
1+ e

Tg =
¥, = (pH % 914874 1 + (T4 = 11R.1703) + (TR = 14.9408]
+ (T % 1.1367) + (T2 x 3.668) + (Tx % —4.067) - 181.5447

1
1+ e

1.[::'\. =

X = (pH » =13.8488 1 + (TA x 117,884} + (TBC = —0.46881)
= 00y # @08010 - (hz % Lggwd) + Oz ® —=040ys2) = #9100

1
1+ emis
¥ =0 % =247080 + (¥ % =16.1072) & (¥, »8.0278)

+ 00 % —10.7273) + (¥ = 24.908) + (¥, » —36.8331)
('I'- ¥ @302l — 25,3233

Te =

1
Dayas = ——=—1=2133
1 +e™
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e Yy A s £
2.2.4. uulﬂiﬂ?Wﬁ@?JﬂﬂW’]ﬁmﬂﬂﬁﬁ A1 E 99U

s ludugou

[-149.7598 -3.9252 -128.147 -9.8478 1.5708 -0.50961;
-60.1297 -63.5767 -10.0808 17.1013 20.1864 14.2722;
74.1102 -39.6002 -83.9988 -8.2952 -3.5163 -9.1498;
-153.3856 -173.7753 -15.2931 -17.1824 81.2972 4.3575;
39.7704 0.58676 -24.6326 -17.2228 -30.0932 -13.4463;
3.4177 228.8736 33.8754 -16.6527 14.9524 -31.7375;
-5.7282 181.1394 71.941 11.1442 -19.5001 -17.6943]

Y Y
A lusuaulson

[44.3512 -21.7706 -16.9304 50.602 51.5002 -49.5502 31.8631]

Y
Ao uDed lurLseU

[153.6867; 63.2897; -37.0571; 236.3413; -27.2367; -192.5412; -126.5214]

1 = z o
AneUReluFuAwlse0n

[-32.7119]

9
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aumimsthussuuSemdouanmanes 15d 931 E $udail

SurasmwesstimminduseuSos

1
1+e~H
AMAZUUUVBINILENFUNANVIGITOU 600 TOUADUIN

3 Sigmoid function =

1 ng { ] 1
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X -'FHK —140,7508 T4 (T4 % —3.9252) £ (TBC x —122.147]
ﬁT o=, I:I-’c.fl:l'--\T s 137000 --ﬁT w =0, 50981 + 1538087

1

1+ e

1.[:1 =
% = (pH » —00,1297) + (T& » —03.3707) + (TBC » —10.0508)
+ (T, 17,1013} + (T, x 20,1864} + (T x 14,2722) + £3.2807

1
1+ e

T: =
% = (pH x 741102 ) + (T4 = —39.6002) + (TBC = —53.9988)
+ (T, % =8.2952) + (T. % =3,5168) + (T x =9.1493) = 37.0371

1
1+ et

T; =
X, =(pH % =153.3956 ) + (T4 x —173.7753) + (TBC = =15.2031]

-+ ﬁT_ % =17, 18241 + ﬁT_ % 81,2872 + ﬁT: % 4, 3373} + 25,5415

1
1+ emis

-‘.[:,f_ =
B = (pH X 3907040 + (12 X 0.00008) + (TBU X —24.0920)
+ (T x =17.2228] 4 (T % =30.0032) + (Ty % —13.4483) - 27,2367

1
1+ e

Tg =
¥ = (pH x R41FF 1+ (T4 x 278.87361 + (TR x 33.87541
+ (T % —16.6327) + (T ® 14.9324) + (T x —31.7373) - 192.5412

1
1+ e

1.[::'\. =

S apHx—S?'?E'?'-‘Tﬁ%lEllBQ&'—'THerl 041

+ (g % 10042} + (Fp % =18.20000 + (g X —17.8948) — 120,3214
T 1
T e

¥, = (¥ w 443312) & (¥, % =21.7708) & (¥, % —16.0304]

+ 00 % 30.602) + Yz % 51.5002) + (¥, = —42.3502) + (- % 31.8631)

= 32,7119

1
Days = ——=—"1= 20
1 +e™
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J 4 s
2.2.5. uulﬂ?ﬂawgﬂmﬁquﬁlfﬂﬂﬂﬁﬁiju

s ludugou

[-61.1153 -12.7985 -11.202 -11.2032 -0.62798 2.1279;
-86.654 -19.7086 -21.4334 -7.5027 0.11936 2.097,
84.0395 39.6303 37.5559 -1.6821 -1.7383 -1.1215;
45.9216 -10.178 -56.3064 -0.5851 0.58643 18.7441,
-56.2416 -8.7187 17.2832 4.0163 -3.739 -11.9486;
-25.784 14.1841 -17.9172 -3.2502 4.2918 -7.7192]

Y Y
Animin lusualsosn

[24.4802 -23.2051 -9.0022 15.9946 16.904 2.3681]

Y
Ao ued lurusou

[72.2012; 103.5529; -120.3778; -38.5483; 65.4779; 13.4298]

1 = ng v
AneudesluFualsoon

[-17.4612]

U v 9 ] 7 ! U [
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< 1 g’ v W 1
-X, WunaswvesnnivinAUA e UID

ST : 1
11l Sigmoid function =
,  i+e~l

1 o ] 1
mﬂzuuummmmﬂﬂﬂmﬁmmﬁ’g’ia‘u 600 iﬂﬂﬁ@u"lﬁ
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5 -'FHK —61,1153 J + (T4 % =12,7085) +(TBC x —11.202]
+ (T, % =11,2032 + (T; x =0.627901 + (Ty x 2.1279) + 72,2012

1

1+ e

1.[:1 =
Xy = (pH » —80. 034} + (T2 = -19.708¢) + (TBC ~ -21.4334)
+ (T, % =7.50270 + (T. ¢ 011036) + (T » 2.007) +103.5520

1
1+ e

T: =
%; = (pH x 94.0895 ) + (T4 = 39.6303) + (TBC x 37,555¢)
+ (T, % =1.6821) + (T x =1.7383) + (T x -1.1215} - 120.3778

1
1+ et

T; =
X, = (pH % 45.9216 1 + (TA = =10.178] + (TBC % —36.3064]
+ (T, x =0.3831) + (T, x 0.38043) + (T; x 18,7441} — 38,3488

1
1+ emis

-‘.[:,f_ =
By = (pH % —20.24100 + (14 X —8.7167) + (FBU x 17.2632)
+ (T % 40163) + (T x =3.730) + (T; x —=11.0486) + 654770

1
1+ e

Tg =
¥ = (pH % =25.7840 + (T4 = 1418411 + (TR x —17.9172]
+ (T % =3.23027 + (Ty X 4.2918) + (Ty x =7.7192) + 13.4298

1
1+ e

1.[::'\. =

N = (T, % 244802) + (1 x —=23.2051) + (1 x -9.0022]
<+ (0, % Lo W9ael + (Tg » 105040 & (T, ® 240810 = 1 4012

1
Days = 12133
1 £ g
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