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ABSTRACT

The objective of this research was to find out the outputs of dried product by the solar drying
using the single-drying chamber comparing to the double-drying chamber. The bananas (Musa
ABB) was used as a sampling in the testing of the natural convection and the forced
convection. The initial moisture content was 65-67 % w.b., dried until less than 20 % w.b. The
studies showed that the double-drying chambers could internally distribute the temperature
well, and consistently similar in all layers. Its thermal efficiency is better than the single-
drying chamber. Its specific energy consumption was less than the one of the single-drying
chamber. The specific energy consumption of the double-drying-chamber conditioned by
including the infrared heater and compared between turning on and turning off the ventilation
fan was 2.52 and 2.19 kWh/kg, respectively. The solar drying with infrared heater and turn
of the ventilation fan, it took less than 2 days to dry the bananas which had moisture content
to 20 % w.b. The color values of the product dried with the inclusion of the infrared heater
were the darkest color, its lighting value decreased and the red value increased, both
statistically significant (P < 0.05)

KEYWORDS: Greenhouse solar drying, Double-drying chamber, Banana (Musa ABB)
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ABSTRACT

The purpose of the study is to design and build waste incinerators with a double combustion
chamber by using a steel plate as a wall between the two combustion chambers, then
evaluate their performance in terms of combustion efficiency, waste feed rate, and exhaust
pollution value, by a method of studying and collecting waste data and then using it to design
and build the incinerators. Then do a test of burning waste with a ratio of wet waste to dry
waste by weight between 0:100 to 60:40 and a waste feed rate of 50 kg/h. The results of
the study found that they can be used to burn waste with a ratio not exceeding 50:50 and
can feed waste at a maximum rate of 42 kg/h. Considering that the incinerator’s efficiency
is as high as 98.5%, In addition, It was also found that using steel as a material for partition
walls can help reduce air pollution levels to within control standards by the amount of carbon
monoxide (CO) gas having a minimum value of 44 ppm, oxides of nitrogen (NO,) having the
value of 135 ppm, and the opacity value of 17%. However, adding wet waste to 60% of the
total waste will cause the air pollution levels to exceed the standard.

KEYWORDS: incinerator, combustion chamber, steel
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sasa19 lazaannunslinuluszaugurunnzdasdalfinalusiuvassainis
T LPG 2ttt IRt n i ot I g a0 g L WA R NN D LR RN U1 TDSINIANY
Souwnniasrn Ininwnitindgangiigeludakasn Indnaaslduszifanisimnndd Geaz
ﬁumaﬂuaﬁﬂﬁ@‘hauﬂumdLﬁaﬂﬁmaﬂaﬁﬁ]:mﬂlﬁqmummmﬁ'@msﬁhmﬂ:aamﬁ

[

U3e®NTA W @”aﬁfm@lqﬂizaoﬂumﬁﬁ'ﬂLﬁaﬁﬂm DONLUULALFIILANNIVEZNURBILH
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I n 59w aIN LT UHWLARNNA T WNITINHIZHINIRDILRZAN BT NANLAAIINLANKNIV TN
Wadtun I RaIRed Laain13U sl A uaNIIn B adta i bbldtad UssanTaiwnisiun lnal

saMslawyy duanNuad oLy

2. NBHUATIBNIIANBBNITIVY

luﬂwsﬁwmmmmmﬂL@nme:ﬁmmmwﬁuﬂ%mmmm:@iafuﬁﬁaglu‘qmu lag
RNz danannsin sl szansluanalsadeslilerimiuaswaangiolunis
W lnal wdazandananmsUsingnisoidaasaii (Chimney effect) #aatun lnadluanimnuen
W 2 9w Ao Rearnlnadifinis ukoar lndagznsngiutesm lnifseaduiesun
nive LLamm”agﬂ‘ﬁ' 1 uaadauad guaaanendsznavldals 1) lassaam 2) azunss
3) WIEILAN 4) A=UNTINTeIULEN 5) Wasun naifnils 6) wasuilweiigas 7) ulunwnannd
Woswu'lnaifgas 8) Usasain 9) i'ml,ﬁl'auﬂizg} 10) ﬂiz@mmﬁauuaz‘*ﬁauawm
11) AZUNIINNVLL 12) ﬂszgﬂiaom&iwﬂ: 13) ﬂs:g}?j'aqaumﬁ“ﬂLLa:"ﬁaaL"Tiﬂ‘fﬁﬁw 14) T893V
UIunene

A [ @ 1Y) @
;51]7] 1 aﬂﬁmz‘ll'él\‘lWI'ILN'I‘ﬂﬂzllﬂﬂﬁﬂdtﬂﬁlﬁ&ﬁadﬁﬂ\‘l
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2.1 mseanuuudInilsnauvaa NIV

v (Dd. é o
1) mum“uamaum"l%m%m ATVITHIMNRAUNIT
V. — net (1)

=t A

a v v { A
Wa v, fe USuinaswaswn lnainnile, (m?)

)Y

[

Q, fo dannmsdanddoanasuanuiouluanniien s50 MJ/(m.h) [8]

A

Q,, Ao ﬂ'%mmmw%auqﬂ%ﬁl‘*ﬁaanLLuum?NLmLm, MJ/h
Qnet = Qtotal _Qloss (2)
Quar = MHVy (3)
o, o dsnmenufeuniwuadiiaanmasnin, Muh
m  fa  aanmidaunss, kg/h

A

HV,,. 8  d1enuiausedves, Mlkg
lunmidrwindSanmanuiaunguide (Q,) dwnaylddis Usunmanuiaud
a ¥ A & a v A a &
gudvlunmymmoiniaanuiuluae: (Q, o) Usinmanuiaungyiiolunisszineiin
2

U

a

st talasian (Q, ) uar USuimauTawng e lun1su[sIgane (Q, ) Aatdln
H2 U @ R

[

Fawar 20 vasaNIBUNIRNanAaINMITE R (Q,,,,,) [9] Saun1siieTosasi

Wa  w o fe wnavasiluaee, kg, o /kg
2

refuse

hg fo Loumadaasmyszivetinbiidulan 25 °C

QH2 = 9mH2

mh, ()

e m, Ao annvadlalavianluvne, kg, /kg .,
UNAWI9Y ATU:3AONSSUANANS UKI3NYIABINBUUIUA
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QR = 0 2Qtol‘al (6)

X A (% { o g
2)  @ZUNTNYVBILALNIVEE Wuﬁ“ﬂﬂd@umidium&lﬂm@l’l I@ﬂﬁﬂ’m’lm’i}’mami’m’liﬂau

o & A o °
YL TUAAONUNASUNTITUVLE (LG), kg/m2 h [10] aMMWITUINNRUNIT

LG = 10log(m) (7)

a o

¥ ] 23 v v v § A v v { o v
3) Wwhtasuirsana ek ndinnisldgsveanlndnses (4,) duimle
INFNNT

A, = g/ Yo (8)
W Vg fa é’@mmi"l,mL%oﬂ'immmaaﬁ”ﬁﬂaLﬁﬂmrﬁﬂ’ﬁm’ﬂ%ﬁauystﬁﬁqnmgﬁ 600 °C, m*/s

v, fin ANNL5WRIMT Lol U UT a9 WiNAL 17 m/s [10]

4)  wwiaraaEn lnainges (V,), m® dAuwimaingans

A, = g/v2 (10)

Wa v, fesUSunesdasenlwiingss, m®
A = o A Adg o >
v, foanusmasmledennldnmssanuuuiyinny 2 mis [10]
fa ANUFIVBIANHIVLE, m
A, dawunwihdarasin lnad, m?

5) anugivesddadlade (h) dwibinlafseanainiasnn lndiaes [11]
T,T.P,D;

h = (11)
464.5P, (Tg —Ta)
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T, Aagmnpinouanian, K

T, @ gaumnimrlaiFodaueanannddas, K

p, @8 AMIRIWILY899, kg/m®

D, fa NIUARIIINATTINIG 3 - 6 mm,, , \Renldivhnil 3.5 mm,, , [12]
P, @8 ANAULIILINANILUEN 760 mm,,

6) Wuiinthdavesddaslods (A,), m’ M laannauns

A = g/vg (12)

e v, s anuiiesisledsvuzegluldedladunliniseanuuuiviiiu 10 mis [10]

7)  NMI0ONUUUNUIANKIVYE

msﬁﬂmmmmm‘v\mmaawﬁfaLmLﬁaa@msgryL?mﬂmm’aml,a:ﬂaa@n”miag’l,"ﬁmu
a‘hLﬂu@”aammmméﬁumumsmﬂmmmi”aumuwﬁfaLml,l,am@ﬁgﬂﬁ 2 lagifandanu
AFmineluiasamafidamannasgiu Ggnwld iwe SK-36 ST-76 1wa (NT1axe1x
§9) 115 x 230 x 75 mm Iﬂﬂﬁmwi”auﬁil,ﬁwfuu’%nmﬁaNﬁfal,mﬁ'muamﬂumigfyl,ﬁﬂ
anuiaunnmelwaluluuunmanuiauseiainiauuudaszuaznunisianuia
s‘fiaﬁﬁmm‘ma@migmLﬁmmwi"au"l,@i”a:‘ﬁazlLﬁuﬂizﬁﬂﬁmwmﬂmvlmwlﬁﬁ Andullszing
mitsmanuiausznitfniiadwuaniuaimasey 9 (h,) lasrialiiszanm 30

IA { { v Q Y
w/m?.K [13] Tefaunmsninetasash

Turen %ANLAN

T: > T3

o Lyt

Ri Rz

31l 2 2993N1TANLAMNI DUITHIVWRIBI N TN LA 8w NLALHD I

R, = R,*R, = —+— (13)
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Q = ! 2 = 1 3 (14)

A A '

Wa R, A8 A1ANNAMUNMUTINVBINEIG LNV
R

R

; 98 AN UYDIN LA HNID S

R

R, @8 AN UYDIN LA HNID S

R

a a

A ﬂ’]’]iJ%%’]N%GLGl’]E]EY]%VLW%%’I 115 mm

R

' o

fa dnmihanuiausasBanulnine Sk-36 31 ST-76 idn 0.24 w/im.K

)Y

o

a Qc 1 v a
A8 FUUIEANINIITNUNANUTAUYBIMALLLDRTE

> X -

(=)

)

P}

mwnﬂﬁﬁ'swﬁqmﬂum%mﬁm 800 °C
8

P}

mwnﬂﬁﬁ's@i"]uuammm, °C

S o
Dp Dp Db

AA‘ (3 v a o

2 gunpiiFsuIadauduuaniaddn 30 °C

8) MIIFIUIUAIBATIEIWNNTLHN AT RaNZ Y

Tun1seanuuute R TsEdaIdtsdsUSu s sTans oz luudaza T lwruWUENUNT
Lmvl,ﬁﬂluwnl,mLﬁﬂlﬁ%’ﬂﬂﬁ:d’uqmﬂﬁmmm s ndarsauiaslauazInun
' ~ A 'Y o I A o vA 1A
FaluianNpswatnalvarmasiu ot U Il laa g8z aInGanadiun madUsunas
(V) = 1.65 m* Aldanndwarmluaunian 1 dnuadasniaenlnigegalaifiu 50 kgh
a A M v A ' & ' A = a A A
USunmanugoziaansalaldinensmnluudazasliainfiuaisvestSananiemie
NunarmednIulrlunnsinn lnal ﬂ”ﬂﬁfmﬁaﬁﬁmmuﬁ’s"l,ﬁﬁmﬁfnmm:ﬁmmmLm"l,ﬁgaqm"l,&i
Wik 10 kg @8 1 a39 NIdwIUSIIaMe M ANRINZENERTUM TN bR U 10 kg 31N
RUNTAATEIRINAGDLTAINGS (V82) [14]

AFR, = (11.44X, +34.32X,, +4.20X, —4.20X, )(1—X,, =X, )  (15)

Wa AFR, fa  dandmemadaibaingy (1uz) Ninned lasuis
A o 6

X, fosadulasniavasnisuenluaye

X, fe dasnlaswisvadlalasauluuee

X, feodasulasniavasdanasinuye

X, fosadulasuisvaseandianluves

X,, s gadaulasuiazasanudulues

X, fe gasaulasniazaadiluae:
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M39N 1 asadsznaunioiadl (%) vaspazaadoagNL® [13]

C H S ) M A

63.2 5.5 0.018 32.4 43.5 8.9

AMWIMTIATRILENINANLANNZEY LﬁﬂLﬁlla']ﬂ’]ﬂlﬁLﬁEldWE]ﬁliJﬂ’ﬁLN’]vLﬂﬁ"‘ll mzlmm

Aewaldangunsi (15)
AFR, = V[m (16)
A= V/v (17)

8 8633 MaLTIUSuasvasonatan, mih

8 aannsauaez, kg/h

2 O Op

A A2 VUNATEILANDNANLANIEEN, m?

v, fa AN WBIMN T Lol FUNNUTBI WAL 6 m/s [9]

9) MIMIUTEENTNIWNIILNVBE
M3 Uz aNEMwITIYNaNBeE INeTATIEErINANEINTaluAIiNda

2grIANEITLE FNTAMIYUTEANTIMWIM TN A s laasauns [9]

n o= 1-— (18)

Wa 7 Aa dssAnSnwnmaninanaass
CO #a USunaansuansaaan oa (ppm)
co, favSunmasuanlasanlad (ppm)

2.2 A UBUNTIY

1) MysunntszianuazUsinmasssiauaouasi lumaiudaysvozlurumwud
FIURUTAN LA LTILTINIRNA 3 A9 ﬁﬁhmﬁiﬂagﬁ 262 kg/day fnwua lUSaunaHn e
Tusas 50 kg/h TIUsmVLEA AT WlLLAR W INNBITiaHAALENTLZVBILANLNILEEZYN
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midauonzozfin ndldldeanuiaduvozuds Swan nszans lo'ld gewanadn 98y uaz
' A A o A o
suwnmdeduvpzdondwiniasemis wWaenwa b 98y
2) mMInagaulatinzzlasnsiaursziNeNazwiIaaInITn malninunzaulay
nsnnifivsezduge gaaz 10 kg luudazgadaandinvpzdondevszuislansivin
0:100, 20:80, 40:60, 50:50, 60:40 luszniramitenvszazarugunistenldinanzauiiali
i indflgangiiluiangansawa ldldianmneay deudeuszgausnazyiinisgaiaiun
pordropozuiIiinanlulduds nizens Winndgumnddszana 800 - 900 °C iuiam
20 min Walwianmman i nddmod ldudadenaszgaun antuinsmaassd
3 a39 ufaudsane 9 e ldieneh
3) MIUTELUBRNITOUSLAUNIVEE Immia@éﬁqﬂmtﬁ‘@qm%gﬁ Thermocouple type
3 v 1 v 9/‘:" A v Wlﬂl 1 a L v
K i9wua 5 3@ laun #asrnlnainnis fasurnindfnses dassszunelads ntuasnedn
UON LASHUINUWABILHULAANNET AAAILATI3LATITRAITINNNNTLHN LA (Flue gas
d' ] a o v a 6 a A v e d'
analyzer) Ndavlaidy iidayadioszd sz@ninwmawnind danmawnfimanzas
A ' a o A { a X { o
gaanHaIud 9 vaaankn Usanafanafisiiifiaduanniaknsssidsznan e

CO, CO,, SO,, NO,, LazAuNLLEI18dAI% (Opacity)

2.3 1@3adiian g lnn1sivslsznauniy
1) 1309 TIFUTIIUIA 150 kg ANUAzLBEA 0.2 kg

2) Lﬂ%ﬂdf@]ﬂqm%ﬂﬁ (Thermocouple) Type K 3% MT 107 a”@aqmﬂnuﬁgaqm"lﬁ 1600 °C

@
Aa (2

o a { o 1 a ﬂqfl v v { é
faasnmeoluiansiuwiu 5 a9 LL&@G@GEﬂﬁ 3 T, dadunisfaasneluraann lndinite T,

A o

faduniifaasnaluresnninges T, Aeduniifaaenissenniaesnis T, Ao

FUNUIRAAINEINUABILHN b T, Aadunisfaadnibsduuaniasinn lnal

Ts

]

— T,

Ts

I

Haamil Woamea

] v
E‘.IJ“?I 3 AMULARBINIIAARA L‘YIaﬂﬂﬂﬂtﬂaﬁﬂqmﬂﬂﬂﬁadﬁ’lﬁvlaLﬁﬂi%t@l’ltﬂﬂ“ﬂﬂz

Faculty of Engineering, Kasem Bundit University Research Article




3ronssuarsinuuUrua OR 14 aUUR 2 wOuNIAU-AVKIAL 2567 35

v

3) 1A38979aANLTIaN H%a Testo 425 hot wire TIIN1TIAANLTIAN 0.01 — 30 m/s

ANNAZLAYA 0.01 m/s

]
a v

4) W3a9diasrziinannisiunlng (Flue gas analyzer) fi%a Testo 330 147 a
aafdsznavvesmrlalioizu CO, 0, CO, JaLdu ppm ANAzLB8A 0.1 ppm

5) Lﬂ%"aﬁ@m'mﬁuuaa (Opacity) ﬁiﬁa Master engineering smoke module 9010 @314
821880 0.1% MWIUNIATIIAANUNLLEIEINITUIaATUM uaz Huazaad laonsasrnn
maaé%mﬁﬁmammzmﬂﬁuuaamww:muﬂi‘uﬁaﬂuazaaaL?Tﬂgiqﬂﬂszﬁ%“mm LRIIAF

v a & 1 ¥ a ' o
ANNTNLEINAANS LT URUILTLRY (%) I@UU?L?MﬂﬂﬂGﬂ?%L@IWLN’]Tﬂz

3. wanivsuazanilig
314 d@wdsznauniasanlwanlaoinnisaanuuy

1) deawn lnifindedadunasundndn mismnairanndgnulndgnulndie
SK-36 31 ST-76 Bgnuln 2adngy (29l 60% anunuln was 36) ﬂu@iaqmﬂgﬁ‘ﬁ
1650 °C MM Ifwuamanuiawdaiwasues (HV) Jn 18.536 MJ/kg [15] To418z aw1a
Mol i 10m e 1.1 mgi1.5m ladsinasvaamn lndfiniia(v,) S 1.65 m® uaed
PNAAZUNTITULY (LG) DA 7 kg/m? uazilatlandnassazlaitin 10 kg axvihlildunnaiiu

munsaag’ﬁ 1.2 m? LLam@Tagﬂﬁ 4

4m.

(n) (2)

a A v °o ®
ETJ‘YI 4 LGI']Lﬂﬂililzﬂvlﬂﬁl']ﬂﬂ'liaaﬂllﬂﬂ (N) YWIALANVYL (V) LANLNIVIEHILID

UnA2IUI9Y ACU:IAINSSUANAQS UKISNYNAYINUUUNUAG
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2) Wuhtesruizion (4,) dawiannunie 1.0 m g1 02 m
3) awmarasm lninaes (v,) Gvwanielundie 1.0 m 817 0.3 §9 1.0 m wikanu
1 v Fil A v Cil U =3 k% d‘ 1 k3
JTRIIRBIENTIRTILas RN saslTRaNNA Y 10 mm. lasanna bnansinanNTauan
v 9/‘-'!‘ Fé L v WC!‘ Q o U & Qs Qs Gq// N
Ao lndAndilslu dsvaaen naifaesordonsihanusou dunanastuanunwva du[n
wannadadnadaniniianuiaunaznsdaifoglvasunuininainlasanuien aua
U é 1 Qs £2 v v [ v %
1319 1.0 m uaz §9 0.7 m Favwawinuanunivesiaar induddinanugidasiiu
P
TINUNTAIHUINTTOU (A,)
4)  wwmedundaaslalie (A,) agf 0.032 m® #3199 1NNENNABITUIA 200x200 mm
‘ﬂl o o 1 a 3 v
WaAuazaINlunIInnun 3 mm augivasdaad (h) fd1 4 m lasdaanduun
LNV
Ha N TawunugEaaNTaunu 115 mm nmMIsmImMaaNEIUaINIAde
IaINEY (V) Mange (AFR, ) uazfaenmediuiniasas 30 [15] azdadldaime 3.78 kg
davwz 1 kg fwInanawnsn (17) Jauaszludas 50 kg /h anuamsdiuwIme AFR, §
ynatasat Mg asivina litesnin 656 cm? lunseanuuuidanltamwa 50 x 25 cm

A ¥ a v & o a 1 6 1 et v
Lwaimﬂauquﬂsmmmmﬂ"l,@a:mnmum Elﬂ’lil]i‘]JLLN%ﬁiﬂﬂ”ﬁ@dﬂﬁJa’m’]ﬂ%uﬂL@]’ILN’]?.I M

3.2 WANIINAADUNITNI BV DILATLHIVYL
nadszifiudszdniawnanlnddoaunisn (18) uaaeasguf 5 daun13ia
USurmmraisuanlaaan loduazinoaisuanyanaan e auaaINaInusznlanaIne
0:100 — 40:60 ﬂi:ﬁﬂ%mwmnmvlmﬁgaqmﬁ@hﬁ’aUaz 98.5 NAAIIFEIWVLL 0:100 L348991N
oA & o oA 1a o & & o &
mil,m"l:v\:u“naugimml%uﬂsmmm"ﬁmiuauvl,maaﬂ"lémaaﬂmmnmﬂm"ﬁmiuau
3Jauaaﬂim@fﬁﬁﬂ%mmﬁammw:dwqmﬂﬂmmmgaLﬁmmag}ﬂmn’lﬂn]”’l"l,ﬂu’mn’hﬂ‘%mm
v =3 o v a d'nl 1 a ci s 1 1 Ai
ANNADINTT aamlmaﬂmﬁmmagiummﬂﬂimmmn‘nml,m"LmT'Lamm uetiatlan
a 1 AI J o v a a v ]
USuramsnngNvasvusidonimudnliidn 60:40 azvinlwdseaniawnisin lndaasdatng
dll dl v = dq' v [ al 1 v
unnissnnuenanidewdn lddanudugauisldrnugamn Tluiaimnaaas sanalsan
mstlanvuzaaasanylidrs
IUMINAFALFIUAMNEINITD NIV AV DA RNABS LAYATINUOATIRIUTER TNV
Lflﬂnﬁ'umU:LLﬁaLLa:qmﬁqﬁmﬂluLmﬁLNWLLa@dﬁagﬂﬁ 6 WulatauuszNAwaUsz LRI
mmml,m"l,mwl,@i”gaq@ 45 kg/h Jamnpiigegadszunn 885 °C uanilaiuyIunmszdon
¥ 4 . .
ANNTBITDY 9 I 60:40 ANNENNTD IMIMIAVLZAARIRAD 22 kg/h Liasannassiilan

lavdulngandwavomisnfianaugasu wianuald dn Waduawmn lulugsanm
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° o A ' = A A ' A
mnm:m’lmqm%nﬂumﬂmma@mamaﬁ@mﬁqm%gwﬂs:mm 553 °C @gluzuIniny

Usunaszidonladniwzasvinldianmnus sy

g 100.0

5980 — —

2 96.0

£ 940

= 920

g 90.0

§ 88.0

qg 86.0

S 840

5 82.0

= 80.0

0:100 20:80 40:60 50:50 60:40
sananvssdonnuussuks
31]17%5 iszansnmniawn Inslvasass
50 - - 1000
E —~ - -
D 40 - &oeeeem - 800 _
NG O
33 o
= 30 - 600 o
2 =
a2 20 - _ | 400 Z
c —e— JSuanstlanwes @
3@ 10 71 --m-- ganpiinneluiosmnlnd - 200
@
O T T T T T 0

0:100 20:80 40:60 50:50 60:40
saswsidondavzunslassinnin

;iﬂﬁ 6 ﬂ’]’]&lﬁ'\&l'ﬁﬂi%ﬂ’]ilﬂ'\ mManvazuazdIan mmw%’aumaa LANLND IS

qm%n“ﬁslumu@m 9 VDIANHIVHZURAIAIFUN 7 qm%qﬁmﬂuﬁaum"l%ﬁﬁ 1(Ty)

g9gafl 885 °C uazaaadiiniasadf 862 °C luaainlnain 2 (T,) uazaaaaiTon 9w

a | A & ° { ! o . ' o 2 =
ﬂimtumsnﬂﬂnﬁl,wwmma@aamq@ﬁ 552 °C Naandinuazlunedaussuitg 60:40 Taiilu

pampiinzsuninmldiinaenlwideiiasld gamniilade (T,) agszwing 503 - 700 °C

UnAIIUIRY
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ULard AN AN INIILWANNAT (T,) BE3eWing 580 — 860 °C ﬁqmﬁ{]mﬂﬁlﬁmﬁ‘uﬁaa
Lmvlﬁﬁﬁ%ﬁaLﬁawmLL&Jum§ﬂﬂﬁwﬁmmiﬁﬂmm{auqammsnﬁnmmmnﬁaaLm"lmﬁ‘ﬁ
wikaluiwasfizaslddninainildsgduntnuszniiaias sonaliamnndluiasinn
Iniifigesgeinunnnineilsdgnudssandasiugmngileifovasianaszlansialy
28191 TUVaY Sukchana [3] ﬁmsw”@umLmmeﬂzgmlaﬂ“gmmmm@L§nﬁqmﬂgﬁ"l,m§ﬂagﬁ
13z 680 °C LLazﬁ’aqLmvlmﬁﬁiaaw:ﬁaqmﬂgﬁvlaLﬁﬂlﬁ’a@mLﬁaamﬂmﬁﬁaumu%ﬁagn
Wl Tnaldn luguasganndfiamibiienduuan (Ts) agszning 48 — 57 °C Indifins
fufisanuuurmua i 50 °C GfiaLﬂuqmﬂgﬁﬁﬂaa@ﬁﬂﬁa;ﬂ%@m

1050

—a—T1
900 o --e--T2
OG 750 - - % =T3
= —0 -T4
Zs 600 -
PN
I~
@ 450
300 A
150 -
0 T T T T T 1

0:100 20:80 40:60 50:50 60:40
sanswzidundavszunslassinnin

3UN7  goamnARAgEINA 9 BILANKNIVEL

nIsuYINIm CO waz NO, Lﬁﬂuﬁuqmﬁgﬁﬁ’ﬁsﬂaLﬁﬂﬁuameﬁgﬂﬁ 8 1a'ldann
Uaa9IAIUANNAIBEINTHIVEENOATEIN 20:80 WUIUSN4 CO uwdlituaaadatnain
v A A a -4 A a < ' a A
ladaiiegungiilafogelulanianizigmnniaud 550 °C UTuam CO azaaaunie
Uszanak 188 ppm UaaAaILIBLAUGIFAN 98 ppm
' a & a e o & A a A& A a a X
wazludrnvastinnm NO, AdanudunusiugmngillafudulagunndlaiFogedu
Usumaas NO, Ageawlddsiidnaduag 177 ppm lasfitSinamanisesdidinsagiu
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ABSTRACT
The bananas are an economically significant fruit in Thailand, both for domestic consumption
and export. Thailand has opportunities to further expand the value of exports. This includes
the development of various banana products, especially dried bananas, which is a method
of transforming regular bananas into higher-value products. In the distribution of dried
flattened bananas, they are sorted into two groups: small and large sizes. Currently, the size
sorting of dried flattened bananas is done manually. The human-based size sorting varies
among individuals due to the lack of standardized criteria for distinguishing small and large
sizes. Furthermore, this manual process can lead to fatigue, especially when working for
extended periods of time. For this reason, the aim of this research is to develop an automated
system for automatically sorting the sizes of dried flattened bananas using a vision system
with LabVIEW software. The criteria for size sorting are as follows: large-sized bananas must
have a length greater than 77 mm, and the surface area captured by the low-cost web
camera must be no less than 2780 mm?2. Based on the experimental results, the sorting was
divided into three categories: detecting only small-sized dried bananas, detecting only large-
sized ones, each with a quantity of 50 pieces, and detecting a mixture of small and large

sizes, with a total quantity of 50 pieces (25 of each size). The accuracy of the program for
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detecting small-sized dried bananas, large-sized ones, and the mixed sizes was found to be
96.00%, 94.00%, and 94.00%, respectively.
KEYWORDS: Dried flattened bananas, Drying bananas, Images processing, Inspection,

Vision system

1. Introduction

Bananas are one of the most important agricultures in world trade [1]. In addition,
bananas are one of the industries’ products that significantly contribute to the economy of
Thailand and are popularly used in various food processing and culinary applications. The
preservation of bananas for future consumption is also in demand, particularly dried bananas.
In the process of drying bananas, ripe bananas are peeled and sun-dried until they achieve
the desired color and texture that meets the quality standards set by businesses.
Subsequently, these dried bananas are compressed to become flat for distribution. The
bananas are sorted and divided into two sizes after compression: large and small, through
human observation. Evaluating objects through human visual observation is a process that
is greatly influenced by personal judgment, monotonous, requires a significant amount of
time, and demands considerable effort [2-4].

In order to enhance both the productivity and quality of food production, it's imperative
to create proficient and innovative methods for detecting food processing [5]. An intriguing
alternative involves the application of computerized image analysis techniques, often referred
to as computer vision systems. These techniques effectively address the shortcomings of
visual and instrumental methods, offering an objective way to measure color and other
physical factors. [2, 6, 7]. Fundamentally, the vision system is made up of standard sources
of illumination, a digital or video camera employed to capture images, and computer software
specifically designed for the analysis of these images. [8-11]. However, the fact that there is
a difference in the intensity of pixel brightness, leading to a change in the count of pixels
with different characteristics, will reduce the precision of the measurement. [12]

Applications of computer vision systems encompass tasks like categorization, size
determination, defect detection, and quality assessment across various sectors, including the

food and fruit industry. In the pursuit of quality monitoring, this effort significantly aids
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researchers and industry professionals, thereby contributing substantially to the enhancement
of inspection efficiency such as apple, carrot, fish, banana, soybean etc. [1, 13-19]

The aim of this research is to classify the sizes of dried bananas into small and large
sizes, with the intention of reducing the reliance on manual labor and establish standardized
sorting procedures using low cost web-camera. The criteria for this sorting process include
evaluating both the [1] length and [2] surface area of the dried bananas, which is achieved

using a vision system integrated through the LabVIEW software.

2. Material and method

The separation of dried bananas into large and small sizes employs two criteria: length
and area. The length is measured from both borders of the dried banana, and the area is
calculated by counting the number of pixels in the image captured by the camera.
Subsequently, image analysis is conducted using a vision system. Prior to the image
analysis, there are preparatory steps aimed at reducing noise and unnecessary elements
from the image, in order to facilitate a rapid and highly accurate analysis. The preliminary
steps before image analysis include: 1) Image acquisition, 2) Pre-processing, 3) Processing,
and 4) Post-processing. Following these steps, the image is then subjected to analysis to
present the results."

The prototype for inspecting dried flattened bananas was designed based on the use

of a food-grade conveyor belt for food products, with web camera detection.

2.1 Image acquisition

In this research, a web camera was utilized as the detection camera due to its
affordability and suitability for use in small-scale factories. The camera has a resolution of
1280 x 720 pixels and connects to a computer via a USB port. The vision system's critical
control factor is the interaction between ambient light and objects. Light is the most crucial
element in obtaining high-quality images, as variations in light intensity significantly impact
the results of the image analysis program by altering pixel values. Consequently, a covering
has been implemented to shield the object and the camera from uncontrollable external light
sources, such as light bulbs or sunlight, which might affect the object. Instead, a controllable

light source, namely a bar light, is employed, as depicted in Figure 1 The image acquisition
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from the web camera while the conveyor belt is in motion results in a colored image, as
shown in Figure 2. However, the obtained image is blurry because of capturing photos during
movement, and the affordability of the web camera results in a slower shutter speed. The
maximum speed of the conveyor belt was 35 cm per second, which prevented the error from
burring. As a result, while feeding dried bananas onto the conveyor belt, it's essential to
position them in a direction that is perpendicular with the motion path. This is done to
counteract the blurriness in the image that matches the motion direction, thus enabling

accurate length measurements.

Bar light

Conveyor belt

Figure 1 The size-sorting inspection mechanism for dried bananas and the positioning

direction of the dried bananas in correspondence with the motion

Figure 2 The image obtained from the web camera while the conveyor belt is in motion
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2.2 Pre-processing

After acquiring the images, the next procedure involves preprocessing the images
before performing any analysis. This stage involves eliminating unnecessary image data,
which helps in accelerating the image analysis process by reducing the computational
workload. The computation time is influenced by the pixel quantity, and having extra
uninformative pixels can lower result accuracy. Therefore, in various scenarios, specific
region of interest (ROIs) are isolated. This involves extracting ROIs from individual images
using masks that cover either the whole image or a chosen section.

The data values of the images obtained from the camera by the program are
represented as pixel values. Therefore, it becomes essential to transform them into real
values to facilitate the measurement of length and area for the dried banana. In the process
of image conversion, a grid is utilized to enable the program to compute the distance between
two points along both the horizontal and vertical axes, using pixels as the unit of
measurement. Subsequently, these values are converted into millimeters.

Prior to analyzing the image, it's essential to remove any interference signals (noise) or
unnecessary image data. This is achieved by converting the image into a grayscale format,
as the image obtained from the camera is in RGB. The fundamental idea is accomplished

through the creation of a weighted total involving the R, G, and B components.

Y = 0.3R+0.59G+0.11B (1

where Y is pixel value of the gray scale image, R, G, B are three primary colors red, green
and blue, respectively

After converting the image into grayscale, in order to eliminate these noisy regions and
small pixel areas (i.e. undesired pixels), morphological opening (erosion followed by dilation)
and closing (dilation followed by erosion) operations were employed. The determination of
the projected area for each identified object was achieved through a process of counting the
pixels situated within the boundary of the object within a binary image. This process defines
the threshold value, enabling the partitioning of the source image. Pixels with values equal
to or exceeding the threshold are recognized as pertinent to the object (illustrated as white

pixels), while pixels with values lower than the threshold are recognized as pertaining to the
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background (depicted as black pixels), The purpose is to separate whole target regions from

the surrounding background. As shown in Figure 3.

Figure 3 Binary image

2.3 Processing

This step involves processing to identify the border of the dried banana for the purpose
of measuring its length. The boundaries of the dried banana are detected by initiating from
the two sides of the image frames and advancing towards the central region. Two vectors of
two sides of the image are moved to the center of the image. Borders are distinguished
through the analysis of changes in pixel intensity gradients. The computation entails
measuring the absolute difference between a pixel's intensity and its preceding counterpart.
When the absolute value of the current pixel significantly diverges from the previous stage,
it is recognized as an edge pixel. As shown in Figure 4. Typically, borders can be extracted
from grayscale or binary images. However, since we look for the border after converting it
into a binary image, it becomes easier to find the border due to the clear changes in pixel
values during the search along the edge. Specifically, the background, which has pixel value
0, is distinct from the dried banana object, which has a value of 1 As shown in Figure 5,

showing the border value is 1.

Figure 4 Searching the area of the border (green frame) and the boundary found (red

vector)
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Edge Strength Profile
1 -

Figure 5 Histogram of boundary

2.4 Post-processing

In post-processing, which is the final step before image analysis, this stage requires
preparing the image to be as clear and complete as possible prior to interpreting the image
results to prevent erroneous outcomes during analysis. This involves managing image data
by segregating the image background from the object. This is necessary due to the varied
light sources that may affect the dried banana, potentially distorting pixel values and affecting
the conversion to a binary image, which could result in gaps within the dried banana.
Therefore, the utilization of the 'Fill Holes' morphological operation is necessary. This
operation ensures that objects are completely enclosed, leaving no gaps or interruptions

within their boundaries and having no impact on the border as shown in Figure 6.

Figure 6 The image from the fill hole function

2.5 Analysis

This constitutes the procedure for interpreting the outcomes extracted from images
acquired through the camera. These images have undergone enhancements to yield
outcomes of the highest accuracy and precision. In the subsequent image processing step,
there is a conversion of units from pixels to real measurements in millimeters by the rule of

three 5.713 pixel are 1 mm. This conversion enables the presentation of the actual length
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measurement of the dried banana. Furthermore, by identifying the initial and concluding
boundaries, both distances, which represent the length measurement of the dried banana,
are determined. In the area-determination phase, the process involves the computation of
an area obtained through the transformation of an RGB image into a binary image. This is
executed by tallying the overall pixel count within the binary image and subsequently

converting the result into real-world units, specifically in terms of millimeters squared.

2.6 Criteria for selecting the size of dried banana

In this research, a classification has been established for dried bananas, encompassing
two distinct categories: those of modest dimensions classified as "small," and those of more
substantial dimensions categorized as "large." The criteria dictating this classification are
rooted in both the length and the surface area of the dried bananas. This classification
criterion draws from the dimensions of the smallest dried banana among those categorized
as larger specimens, essentially serving as the standard for identifying the attributes of 'large’
dried bananas. For a dried banana to meet the criteria of being categorized as 'large' in size,
it must have a minimum length of 77 mm. This measurement is conducted using a ruler to
ensure consistency and accuracy. as shown in Figure 7. For the area of the dried banana,
Estimating or determining the area of bananas presents difficulties due to its non-geometric
and non-uniform characteristics. Additionally, the lack of uniformity among each piece.
Nonetheless, a criterion for selecting the banana size can be established by using the largest
banana within the small-size banana group as a reference. This can be achieved by
measuring the area using a vision system. Subsequently, the area of this reference banana
becomes the benchmark for determining the sizes of all bananas. In other words, if the area
of other bananas, which are measured using the vision system, is smaller than the
benchmark, they are considered small bananas. Similarly, if the measured area is larger
than the benchmark, the respective banana is classified as large. The vision system indicates
that the minimum area for a dried banana to be classified as 'large' should not be less than

2780 mm?2. as delineated by the equations formulated.

Large, if Length = 77mm and Area > 2780mm°
Size = (2)
Small, otherwise
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The determination of a dried banana being classified as 'large' in size, it's essential for

both its length and area measurements to exceed a predefined threshold.

Figure 7 Measure the dried banana length with a ruler.

3. Result and discussion
3.1 Length and area detection

The examination of dimensions calculated from the program, divided into examinations
of length measurement and the measurable area size, with criteria for large-sized dried
bananas. The measured length must be greater than 77 mm, and the binary image area
must exceed 2780 mm?. This involves measuring the size of 15 pieces of dried banana, with
each piece being measured three times, then calculating the average length for comparison
with the actual measured length obtained using a ruler, in order to determine the error value.
However, for the area, direct calculation of the true area isn't feasible due to the banana's
non-geometric shape, which complicates precise computation. Therefore, the calculation
must be solely carried out through the vision system.

We've divided the size examination into two phases. In the first phases, when examining
small-sized dried bananas, the maximum and minimum differences between the average
length and the actual measured length are 4.98% and 1.68%, respectively, as shown in
Figure 8a. In the second examination phases, when inspecting larger-sized dried bananas,
the maximum and minimum differences between the average length and the actual measured
length are 2.94% and 0.30%, respectively, as shown in Figure 8b. The margin of error in
measuring the length of dried bananas, both small and large, using a vision system compared
to actual measurements does not exceed 5%, allowing for reliable length measurements.
Concerning the area calculations for dried bananas through the vision system, there are

noticeable differences even for repeated measurements of the same piece, as shown in
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table 1 for small sizes and table 2 for large sizes, primarily due to external lighting conditions
and the camera's relatively slow shutter speed [20]. However, since a minimum area
threshold has been defined, this variation doesn't significantly affect the interpretation of the

dried banana's area size.

Dried banana flat shape small size (length)
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80 — 80.00
g 60 60.00 X
— )
< 3
=
% 40 40.00 S
o
20 20.00
0 0.00
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
pieces
(a)

Dried banana flat shape large size (length)
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|
100 ] o B 80.00
B i [ [ ] [
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£ 2 [ o L] 60.00 s
= SENs ] ElRS o
< 60 [} | f ] S|k 3
o SENs ] N 3
o L o L E] 4000 8
9 40 | BB ) ]
o [ |- 4 s
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2.1 2.B4 B0 1.1 7 .21 2 2.54 15689 73 1.p4
% (r ] T
0 BT T ; T o 0.00
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
pieces
(b)

Figure 8 The results from examining the length values of 15 pieces of dried banana,
each measured three times (a) For the smaller-sized dried bananas, (b) For

the larger-sized dried bananas.
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Table1 The area measurements for small sizes

Area (mm?)
Pieces
1 2 3 average SD
1 2745.49 2566.46 2548.98 2620.31 108.76
2 2519.65 2650.82 2771.11 2647.19 125.77
3 2313.31 2075.46 2182.07 2190.28 119.14
4 2234.65 2278.73 1965.13 2159.50 169.77
5 2480.74 2531.59 2176.42 2396.25 192.07
6 2222.66 2425.82 2232.07 2293.52 114.67
7 1848.14 1919.6 2006.22 1924.65 79.16
8 2230.27 2311.02 2216.02 2252.44 51.23
9 2185.97 2193.42 2269.09 2216.16 45.99
10 2297.53 2188.77 2278.73 2255.01 58.13
1 2576.68 2499.2 2584.93 2553.60 47.29
12 2152.83 2121 2081.28 2118.37 35.85
13 2370.75 2230.76 2241.26 2280.92 77.97
14 2239.64 2312.5 2232.27 2261.47 44.35
15 2346.21 2410.21 2254.99 2337.14 78.01

Table2 The area measurements for large sizes

Area (mm?)
Pieces
1 2 3 average SD
1 3213.89 3289.6 3214.74 3239.41 43.47
2 2906.07 2942.42 3008.07 2952.19 51.70
3 3978.31 4013.81 4018.96 4003.69 2213
4 3952.35 3847.45 3888.03 3895.94 52.90
5 3204.66 3028.16 2961.51 3064.78 125.64
6 2864.59 2846.15 2820.72 2843.82 22.03
7 3205.24 3136.03 3108.29 3149.85 49.93
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Table2 The area measurements for large sizes (continued)

Area (mm?)
Pieces

1 2 3 average SD
8 4025.83 3956.88 4065.17 4015.96 54.82
9 2849.16 2808.03 2817.32 2824.84 21.57
10 2893.98 2802.09 2808.21 2834.76 51.38
1 2813.07 282217 2853.87 2829.70 21.42
12 2964.98 3116.67 3102.24 3061.30 83.72
13 2824.71 2809.27 2811.58 2815.19 8.33
14 3693.42 3953.53 3847.07 3831.34 130.77
15 2787.92 2857.14 2806.2 2817.09 35.87

3.2 Performance in object detection

The performance testing for the separation of flat dried banana sizes was conducted in
three phases. In the initial phase, we focused exclusively on identifying small-sized flat dried
bananas, totaling 50 specimens. Subsequently, in the second phase, our attention shifted
toward identifying only large-sized flat dried bananas, also amounting to 50 specimens. In
the final phase, our task was to detect both small and large-sized flat dried bananas
simultaneously, totaling 50 specimens, with 25 from each size category. As demonstrated in
Tables 3, 4, and 5, the results of our size-based separation tests across all three phases—
small-sized only, large-sized only, and a mixed -size scenario—revealed an accuracy rate of
96.00%, 94.00%, and 94.00%, respectively. In the mixed-size scenario (small and large
sizes), errors occurred due to misidentifying 2 large size and 1 small size. These errors from
area calculations, which were caused by external light sources, image blurring, and noise
from the conveyor belt's cleanliness. For the measured length, no error was observed.
However, the position of the flat dried bananas being perpendicular to the motion path, as
mentioned earlier, might be a potential cause. The discrepancies encountered during the
separation process were primarily attributed to inaccuracies in calculating image areas,
stemming from external light disturbances and the camera's shutter speed dynamics, both

of which had noticeable impacts on image quality [20].
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Table 3 The accuracy percentage for small-sized flat dried bananas

Kasem Bundit Engineering Journal Vol.14 No.2 May-August 2024

pieces correct incorrect % accuracy
50 48 2 96.00
Table 4 The accuracy percentage for large-sized flat dried bananas
pieces correct incorrect %error
50 47 3 94.00

Table 5 The accuracy percentage for mixed small and large-sized flat dried bananas

pieces correct incorrect %error

50 47 3 94.00

4. Conclusion

A machine vision system is employed to categorize the sizes of flat dried bananas into
two groups: large and small. This categorization is based on two key parameters, namely,
the length and the surface area of the dried bananas. Through tests assessing its size-
sorting capabilities, it has been demonstrated that the system can achieve an accuracy rate
of over 90% in both large and small size categorization. This information indicates that the
vision system can effectively substitute for human labor, as human workers may experience
fatigue and make errors when working for extended periods. The inaccuracies in size sorting
primarily arise from the computation of the banana's surface area, which is influenced by
external lighting conditions and the camera's image quality. These two factors are the primary

determinants impacting the precision of image-based detection.
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ABSTRACT

The objective of this study is to apply the MIKE11 model to simulate flood conditions and
provide strategies to mitigate flooding in the Mun River in Buriram and Surin provinces. This
model was employed to recreate the unidirectional flow of the Mun river. The research area
gathered flood mitigation measures from relevant agencies and identified two specific entities
involved: the Marine Department and the Department of Water Resources. This study used
3 measures: flood retention area (SN.01), river dredging (SN.02), and flood retention area
combined with river dredging (SN.03). According to the findings, the flood retention area,
together with river dredging (SN.03), was the most suitable option when compared to the
current state of the river. By applying the flood event of 2017 as a case study, the flow
discharge in Buriram and Surin Provinces was projected to increase by 608.19 and 754.79
cubic meters per second, respectively, in comparison to the pre-flood conditions of 2017.
Furthermore, it successfully reduced the extent of flooding in community areas from 3,759.36
rai to 2,220.93 rai, equivalent to a drop of 40.92%.

KEYWORDS: Flood Mitigation, Mun River, MIKE11 model
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ABSTRACT
This research aims to develop a fermentation process for agricultural products to produce
sludge with enough crude protein and to use the analysis results to compare the amount of
crude protein obtained from the method used as an ingredient in animal feed. The experiment
was carried out with a factorial design and a completely randomized design (CRD) with two
factors at two levels each (a x b factorial in CRD). The factors used in the process are freshly

crushed cassava roots (A. a1, a2), 300 kilograms, and 300 kilograms of fresh crushed and
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fermented cassava roots covered for one month. Use the stirring motor at 100 rpm (B. b1,
b2) with the second factor for 2 and 6 hours/day. Install a water pump to circulate water and
sediment from the bottom of the fermentation tank to mix with the air sent back into the
fermentation tank. Add 100 grams of naturally inoculated microorganisms to each tank and
10 kilograms of organic food supplements. Replicate four replicates (22x4), and record the
temperature (Temp), acid-base (pH), and oxygen (DO) every day until 30 days. After
stopping the process for one month, filter to collect sediment from the bottom of the tank or
float on the water's surface, then dry it under sunlight (solar drying). After the sediment has
dried and the moisture is lower than 10%, grind it thoroughly, take a fine sediment sample,
and send it for analysis to a certified laboratory to ascertain and certify the results of any
level of protein composition. From the resulting data analyzed. It showed that the first factor
used in the process (A, both a1 and a2) was the factor that affected the quantity of crude
protein obtained from the process (p = 0.025), and in the statistical analysis to compare the
average protein content obtained in each process and including those that did not go through
the process (control). It was found that there were statistically significant differences (p =
0.000). It was found that the protein content from all four processes was at an appropriate
level of nutrients and could be mixed into animal feed or fed to many types of animals
including large and small animals, poultry, and aquatic animals.

KEYWORDS: Fermentation Process, Cassava Root, Stirred, Protein
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D WIALUN NI% 6 TH. A WINUEA NI 2 TU. B AINUEA NI 6 TU. B AINUEN NI 6 T4,
B WINHERN NI% 6 TU. C WINWUN NIt 2 Ta. A WINUEA NIW 2 TU. C RINWUN NI 2 T4.
A PINUERN NIW 2 TU. A AINUERN NIW 2 TU. D AINULN NI% 6 TU. C WINULN NIW 2 TA.

B MINUFA N1 6 T, C RINWLN NI% 2 TN. D AIUWLN NI 6 TN. D BINWLN NI 6 TX.

3.3 NSLUINNITHAN
a X = a A =2 ¥ X &
lunszuruwnsnaalulada (plasmolysis) Lumsiduiianaiadiniassaanannioas
=) A o ¢ A £ A c:i 1 a % a a d'
PasNTrIaaed wisanalmindaNatislunszurwnmsnanalalads uddaanlulSunmn
vz Sudunidandndesanuiasianiadad viliasdunidedns 9 Agndasaanan
P A = [ Aa A6 o A AeA o o P o
ﬂmaqamaﬂm WNEIEauNIdaTUsznaudmsandunIdntusen uazanvvzlinisaing
a A6 a 9 v a X o a A6 v o ' & g o P
miaumwu@’lvxﬂvﬁm@mumﬂqaumamyﬂu nyzuannstassatsluiuaawih vinlwa
1 IA L = g/ v v
m'sﬂa@]ﬂaaUm@;mmsﬁ’ﬁaaﬂm F9lUWNTTUIRNITRANUANIZLAENNNINAALEI819F 0I5
a d? a A 6 t:' di a A 6 1 A 1 [
m‘imm'*naaqaumslmvlﬂmu [19] Lila9aun3Idldaus1qaIn1TATaanNuN BE1ILTYU 519
lulasiau lasUSummglulasauiosa: 1 WalfomduwdIanaldsduud azldiviny
Sa8az 6.25 [20] mnﬁfmﬁa%q@m:mu%ﬁn%ﬂ LABULAIYINANTNTBILAIAZNAWLENEAN

ANHILRIEIAZNAUIINATZLIWAIN LA L A1 NLAA LAY LauUa LRz IA e LR RS

arad19ldaTaNade Tz Nan I USu LU TA B ez NawULRIN leaINNIZLIRNNT AILIAI
lugﬂﬁ 2
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Adding molasses Aerobic Nutrients Stirring 2 and
. 6 hrs. (B)
and the river fresh water  Microorganism feeding
i i i
1 1 1
i ' !
i = v
! i
¢ Plasmolysis ¢ Raw material digested into amino acids,
Raw material process g proteins, carbohydrates, etc.
A 4 Circulation
Cassava root Allowing organic matter to have smaller molecules pump
chopped or Microorganisms synthesize some new organic D :
crushed into substance and released plant nutrients. < Aerobic
small pieces, microorganism
fresh and 1 activity
month curing Week5 Week6
first. A) | b > Liquid
v collecting
Daily parameter record. Sludge protein product
(DO, pH, and Temp) End of process
]
1 Weekl Week2 Week3 Week4
: : : : :
| v v v \ v R
I i

= 9
21]7] 2 NITUINNITNRAN

3.4 nAzHIBYN

a & v 4 a 6 A a a [

Aerzddayaniinasaslasldlusunsuaenfiaiees deiin13diaszdnasnn
mMsaanuuuMInaaesintassnltlunsnassitassladufdusinadanaansile (DOE
analysis) lagdl 2 Ta38faztu3aNzAivIHaanT Ao ki UsnaIraaunIaua Wi
fsnadunTauaninuuuagunan (Quality) Aunisninlunswainiduiam 2 uaz 6 Talag
daii (Quantity) MniuMTIleMzidayantsmenwuaziadluudaznizuiuns dawis
AaTzRauLlsUII% (ANOVA) 359319n32021N13N 1 (BP-1) N32U1UNNIN 2 (BP-2)
NIZUIUNIIN 3 (BP-3) Uaz N3zLIuNs 4 (BP-4) nunszuiuminiuga (C) lasrimuald’
] A o v o o P v A & do v o a
A1ANNAMULTRAIW 1IN TEaUTasaz 95 uazillalddianulTasiundasnisuaridIunm
Souazaasldsdunla lvhmaseuifsuiaunmaliiduewsaaisialala

UnA2IUI9Y ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




gﬂ Kasem Bundit Engineering Journal Vol.14 No.2 May-August 2024

4. HANINARDY

INN13AUHBNANATINIINTLABTA9 9 wgomqm%nuﬁ (°C) ANNTA-619 (pH) Lae
A12aNTLa%azans (DO) INNDINNNVBINT=UIWANIANN NIz nasluaIninuUIa 1,000
803 Y‘hm‘ianT@ﬂl%a”a@;m”ﬂﬂ%awa:m”ﬂ LuUAauAauaLnia: 300 kg TwAUMINILIH
18N 2 uaz 6 Taluadesh IFaanluntsmin 30 T4 waasesi wazdadsWINdees Ay
a13197 2

a

4.1 amnna

q u

'
A A

papiiidudiudsidnnasnadaiansinsesuuafiisouszmslalasladauasmanien
Wasanmmdnaziiaanuiauszninamanin Sadasinmamngiiliagn 30-35 agen

a < a o o A o . va A & ) o o
wades lwusasilidacasniniialvarnmeatiomlaatu wIaldansidsvemedidy
:/ v = s a v ‘2/ Qd‘ U L 1 L5 1 > >3
ibinywisuasdmdnldnnids uszgmnginldannmaiufinluudaziuvasudazdomdn
lunszuaunwwﬁﬂﬁaﬁuﬁﬁﬂwé‘aagﬂmm"‘uqmugﬁﬂmnma (25 - 40°C) LAzALARLVD
LARENIZUIUMTAAINAD DINNNAILAN (C) 32.8 °C AINITUIHMINANT 1 (BP-1) 30.0 °C
O9NTZUIBNITRANN 2 (BP-2) 29.2 °C 09NTLUIUNITNANN 3 (BP-3) 29.1 °C WAz 03

NIZLIUNTRANN 4 (BP-4) 28.4 °C

4.2 A1N3IN-A19 (pH)

MnMIsuNTzUwAEnlnIwnIn WUIDINANNIZLIUNINILAY (C) didn pH A uaz
feAniuAssdntasdiiainduniasa wazen pH 28989NT2UIWMITRENA 1 (BP-1) Uaz
f9NT2UINNIRENA 2 (BP-2) ﬁl"ﬁi’ﬁ@mﬁ'ﬂLﬂuﬁ"aw”uﬁwﬂwé’amé’mm:m fidn pH s
aA8dlIaY 9 Lﬂumsu’o%ﬁn”aqﬂﬁﬂ’l,uﬁaﬁmmLﬂunmmnf*ﬁ?u FRnaNNITEAUAIV0
duniuingds 9 Thdunsadunsdnazaoinlduazdanisndniuwly 1 o1fias 61 pH §
Afnduites 9 suloSunindinszuiunmawdng 3 uazdinszuInmIvegng 4 Al
Taguinduiduddendsduuazuaudmdnuuuagulineu 1 1eeu de pH Adunanslu

Q &/ = 1 L g v & 1 Q L o [ 1 1 1
326U 6.9 uwazazgedudnldunin sliidwirisguadnludafienadudriden 9 lasdr pH

2
a a '

LDAEYDILANZNITLINMINANAGIN D3MINAIWAN (control) IHNAL 4.2 AINTZLIKANTAAN

7 1 1710Y 5.3 INTZUIRANTRANNN 2 LYNU 5.9 DINTZUIBAITANAN 3 LHINU 6.4 WA

DINTSUIUNIRNNN 4 LYNNU 6.9
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4.3 @1 DO (Dissolved Oxygen)

DO ﬁNaI@amwiaﬂg:wgﬁuﬂ%'ﬁﬂ'aﬂamm“'a@mu”nﬁl“ﬁaam"ﬁwmﬂu%é’n LAZDANTLINN
azmﬂa;Jisl,uﬁ’mu”ﬂﬁﬂ's'mﬁm”mu@iaﬂﬁ@‘ma%wLLa:m'sLﬁzyLﬁjﬂ@lﬂjmmsnaa’maamjmﬁuw%'ﬁ
mmaaﬂ%mmaaﬂ%wuﬁa:mﬂa;ﬂuﬁ’mﬁﬂmaamzmumsmuqu (control) 1a&e 0.7 mgl/l
:/ (-5 (% ™ a o 1 a 1 lh. 1 ~ g 3 g tﬂl v L T
PRI I INUNT AN WL IR RINA LR T LT nummqﬂhﬂunvmﬂaﬂ
ALRGARE) LLa:ﬁ%mmaaﬂs‘fmuﬁa:mﬂayj"luﬁmﬁﬂmmm:mumiﬁ 1 1988 3.5 mg/l $1wun

£ = a v :/ = t:al ‘9‘/ ~ (=3 v 1 >3 a a
lunaLﬂuamaLmuawmmaunamﬂimstlal,anuamm:mmayamwanaq%wnﬂ
NORNAITLATUNDIUWNWAILANG DY ﬂ'waaﬂ%mmaanfﬁwuﬁa:mﬂag}luﬁmﬁ'ﬂmaa
ATEUABNTN 2 Lafy 4.1 mg/l Lazdanwmlnd awnwnUHIRAIN IWaIRINNTZUINANTA 1
gudvasdInmeandianiazaisadluiininueinszuiunsn 3 1l 4.3 mg/ il
nanunidnad1aninea i nanazAaWaIuwRN LLa:ﬂ'waaﬂ%mmaaﬂ%muﬁazmuag
lusihnainaeinszuawnsi 4 1ade 4.4 mg/l Hanwmzwasimanlunsniniswaoinwiule
DIRANVBINTZUINAITN 3 LagaIWITITLA 03I aRIVILARIATIUIRANT AILEAI AR

A
AN 2

A58 2 ANBRANIIINLADS IRLARZNIZLIWAIT

Reactor tank Control BP-1 BP-2 BP-3 BP-4
aqmﬁn“ﬁ (°C) 32.8 +1 30 +0.7 29.2 +0.8 | 29.1 0.4 | 28.4 +0.8
ANIA-619 (pH) 4.2 +0.6 5.3+0.2 5.9 +0.3 6.3+0.4 6.9 +0.4
DANTLAIWBRZANEY (mg/l) 0.7 +0.2 3.5 +0.3 4+0.1 4.2+0.2 4.3+0.2

4.4 Samaainznan

Idanmaisiianndiminuuuniusnanaznawluniedugand (Imhoff Cone) Tua
1,000 da8a93 LHuIzezi281 30 wIN (SV30) fenUSunmiianaznaulunirzannizuaumy
AILAY (C) LiNL 30 wa. NITUIRMINANT 1 (BP-1) LYL 197.5 W8, NIZLIRMINANT 2
(BP-2) YL 220.5 ¥8. NIzUAMIENT 3 (BP-3) LYNAIL 240 W8, WaNIZUIRMINANT 4
(BP-4) 17imL 280 ua. @9 SV30 Un@atszning 200 - 300 Jadaav/aas [21] auasnan
whifildannnisnsestonanizaznew (Sludge) ldainuaa (Solar drying) i inminwws

(Dry matter) 284n32UIHNNIALAN (C, control) (YA 62.5 NA. NFzLAKNIRAINT 1 (BP-1,

ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ
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bio process 1) L¥iNNU 85.5 NN. NITLIKNTRAUNN 2 (BP-2, bio process 2) YNy 83.2 nn.
NTEUIBMIRAINT 3 (BP-3, bio process 3) LYINNU 105.7 NN. WAZNIZTLIBNIIRANN 4 (BP-4,

bio process 4) \¥inNU 106.7 Nn.

4.5 wan1azisnallsdiv

ﬁm:nau@ﬁafjwﬁl,l,ﬁaLLa:ma:Lé‘mmiaﬂﬁqdwmaanLm”adavl,ﬂmw%mﬂ:ﬁﬁw;
TU38URENY (CP) ANA3TN§AILIS AMLNBAT ¥Ingnasineasamans iuniieaud
lsumysutesnazfanudmmgmaduarnsdad lasldi5niianeiuns AOAC 18th
ed.,2010, Method 984.13 [22] nadlatnandeeieads uaasliiinindusinmlsanens
INNITVIRNIIAIVAY wazanunsainlidudunauenmsiassaale uazdsunmlysa
1N BP-4 §U3inamnngaseadasunfe BP-3, BP-2, uaz BP-1 anudel wazidawSouiiiey
ﬂ"]Laﬁﬂi:m’mLLGia:m:mumsv\ﬁ'nﬁ'um:mumimqu (control) WU BP-4, BP-3, BP-2
W8z BP-1 19 4 A3manaindasiuuandrsvesnadinszfedrefifodrdgynieadiany
NITLIUNINILAY FILFAIMINATIT 3

A15191 3 Usunawlilsfunany

Process

Control BP-1 BP-2 BP-3 BP-4
Characteristics\replicate
Protein,; (%) 1.50 7.72 15.03 17.87 34.34
Protein,, (%) 2.50 11.35 13.80 17.74 18.87
Protein,; (%) 0.70 17.12 18.09 19.94 20.57
Protein,, (%) 3.00 17.50 17 .41 17.91 18.78
Mean 1.92 +1° | 13.42 +5° | 16.08 +1° | 18.24 +1%° | 23.14+7°
P =0.000

v
o o @ A

. A da P 9 ra ' aad o
%N']EJLVW}I ALBRIUNNN ﬂHﬁmNauﬂuvl,&lilﬂ’l’mt,l,@m@l’wﬂ’wﬁﬂ@mi: UANULTBNY 95%

msmaaamsm‘“ﬂﬁm‘”uémzmﬁLﬁ'alﬁlﬁm@mmsﬁmmmﬁﬂﬂLﬂmﬂudmwau
IIRATUUINNNITNARBINLINS 4 gﬂLLuumsmaaaﬁl‘ﬁ PAINUIULHRRIFATURIOUALR
ilundn (Jadb ay, a,) uaz WiludUzwaanguniaandnuunagylinen 1 Weuudainly

winludandn iuldsndnadnge deSunmmaldsdunlaannszuiums (A, p = 0.025)
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faudnifadunltluniimaaasda msnweasluniwlunsnanidniig 2 uwaz 6 TN
(adb by, by) AMneEIeTAuaaslARWI BidudbndenadadTanumalusduildan
NITUINAIT LLa:LﬁaLﬂ%ﬁmﬁﬂu@hmﬁﬂﬁvl,@i”ﬁnn‘qﬂm:mumiﬂmaoﬁ'um:mumimuqu

wuhfianuuandvainilnodmayniadia (o = 0.000) auaaslugn 3

Factor affects the quantity of protein obtained from the process
(response is Protien %, Alpha = 0.05)

Effect Type
® Not Significant
95 4 m Significant
90 Facor Name
A Cassaa root
801 mA B Stiring time
70
£ 60
[
Y 50 .
=
& ¥
304
20+ -
104
54
14 T T T T T T
-3 =2 -1 0 1 2 3

Standardized Effect

Average protien content

355
BP-4 23140 A

304 BP-3 18.365 AB
BP-2 16.082 B
254 BP-1 13422 B

Control 1.925 C

204

%

15

104

Control BP-1 BP-2 BP-3 BP-4

s 3 tedefidnadatSanmllsfinuazanadalsamllstn

AMNMNTUNNABUAUAN I ATUINNTENRITFAT LRAIIALAWINEINITOIHARRAN
ns:mumﬂﬂl“ﬁlﬂummsﬁ'm“l,ﬁ%%aiﬁﬂumuwawﬁ'ui'@]qﬁuaﬂ'ndﬁiulﬁmgﬂdé’m’f LaZIN
N3UI%NT BP-4 "L@Tﬂ'%mmm@;mmsmnﬁq@LLazmmsﬂslﬁﬁl,flua’lmsé'm“lﬁ%mr_lﬂszm‘n
vt lagu Tauw 1l lrite auite 1a'ly an3 wazdan Fegafinsinoindnaas
Lﬂiﬂgﬁﬁ]ﬁﬁ%ﬁﬂ”ty AU 4 u,azgﬂﬁi 4
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@139 4 Samlidsauuanatnisdans

Animal feed \ process BP-1 BP-2 BP-3 BP-4
Crude protein % 7.72-17.50 | 13.80-18.09 | 17.74-19.94 | 18.78-34.34
Tagwu (12 - 15%) [23] v v v v
I
Taua (18 - 20%) [24] v v v
1Aalaigninawly (14.5 -17.7%) [25] v v v v
1Aite (18 - 23%) [25] v v v
- &
aLiba (16 - 22%) [25] v v v v
vJa'lai (15 - 18%) [25] v v v v
§n3 (13 — 27%) [25] 4 4 4 4
Uaiia (25 — 45%) [26] v
Uanqn (25 - 45%) [26] v
Iﬂsﬁu % OBP-1 ' BP-2 @BP-3 @BP-4
3434 3434 34.34 34.34 3434 34.34 34.34 34.34 34.34
35.00 _ g - . / / / |
30.00
25.00
19.94 19.94 19-{“ 19-\9\4 19.9 19.94 19.94
18.09
oo, 59 il e ol 57 ol ol el ol 5
i i N - =] N =
I B H
15.00 |
10.00
5.00
0.00 L — — -
\0\0\ m@\a\ 0‘\s\c\ 6\9 . qo3\9 ) {g\o’ ,‘,/\o\w\ B S\a\ ;\a
s o @ 5 g > & o
p &Q’ y \\(\ I\;\\-b& {\E@ @Gé;b . ﬁ,\@\ ﬁ\\, Sﬁe\ < Q\«‘Q'

1 1 o [~ ¥
s 4 Tds@uwnerunnnszuaumsiiaansaildlzidwomsdadla
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5. anilsgua
wamﬂms"n@1aaﬂmm%ﬁ'wﬁlﬂuummdﬁaa@ﬂﬁaoﬁmm’?ﬁ'ﬂmiﬂ%"uﬂ;aqmmw
s o > £ E o g n:i vV A a s & o
nmilnzwinavesduidznatuaziansasldvasduddznasnlsadunidlunisnain o
g a A6 ad o ¢ a a a a v
Weruazadunidnnsrumandumeuainnidawing uewWim waztatdyunliin
PITD IUNITNARBIRN NN AU WRIUANTUSN L UTAULN e 3% brladTunmwlysan
t:&l tg/ = L 1 a = v = q‘]’/ v a lﬂ.
VAU LT 18-42% T,@mnﬂmsmmmwmwagaumﬁl,ﬁaﬂlml,ﬂa L ENTAIG IR b
gursntiun ltwan e LLazmiLﬁ&lmiéfaGTuﬁLfluLﬁ]m@vl,wﬂﬁﬁ'm)‘§uw'§§mmsnw§m
ulmingasaaautdilad [27] lasminandifldannadanzivastasdjuanis uaasld
L‘ﬁu’hmﬂauuﬁamnﬁaﬁuéﬁﬂwé’a‘vs&Tﬂmﬂ"qﬂﬂi:u’mmsﬁiﬂiﬁuhﬂ%mmﬁL‘ﬁmwa
s lusnduainisdadinedosdadld lasgduunifnmmand 4 (8P-4) 1WuSanm
a A A % A a A AN v & oo o A
m@ﬂﬂmumn‘nq@ﬂa Youay 34.34 mﬂimmMs@mﬂ%Lﬂuwammﬂmﬂﬂma@muﬂﬂ
fg§uw'§ﬂ‘mmmﬁﬂ"l,ﬂ‘l"ﬁﬂiﬂwﬂﬂﬁﬁLLazszU:Lammimuwauﬁ'ﬁaq%ﬁ'ﬂ 91MF WAZATRNT
a a a {al' 23 = 1 q/t:i a 1 a A 6 & n:id
Lasm;aumsmmuwaiunmunaawah‘nLﬂmrmmwaUamwaafgaumﬂLﬂumzﬂaum
a = & X ) o Ao A A o o A
Tusdmiuasdadsznauninin LLazmﬂmaqmnwaﬂwmzwmuaunu’[ugﬂuuumwunw 3
(BP-3) WAsz8zia1MINIwitasnin #9na bUSunmaznanllsdnaaasaullals iasannd
Usumamaludindnliifosnanfunidnldainiasziaigidulaindwinuaz
ﬂa@ﬂﬁiaﬂm@;mmiaanm I@ﬂmiml”ﬂgﬂuuuﬁ 3 "Lﬁﬂ%mmiﬂsﬁugaq@i”aﬂaz 19.54 &%
nmiltigguainndansusaalugduuunsming 2 (8P-2) dianmlusduaaaianunisliiag
Elumi%u”nﬁ'mwznmm‘smu‘lﬁﬂ%mmgdqﬁaﬂaz 18.09 UazgtuuumInani 1 (BP-1) 7
I%S'aqumfﬁwﬁmﬁ'ugﬂm_lfuﬁ 2 ualdszoziaanlunisniwiasnivinlwlausunmldsan
WNEIT0882 17.50 AnUSNIaslUTAUN 16 bARENTEUIWANTRNN BN TNAFINAANL T UNAN
ﬁ]’lﬂﬂ’]ﬂ“ﬁ’ﬁ’au”uéwﬂwé’aﬁﬁuﬂaLﬂuaaﬁﬂizﬂaumLflua”aqﬁu”ﬂLﬁmﬂmmdammiﬁﬁé’m{u
fgﬁu‘n?ﬂ‘ TINNINITNIWIWATTUIRNNTRNNLF B9 M Tz uzIa NI TN eIwa L aniniie
liiianiInizanedizetamanszamisadunidldmmniusasdsnindiodasiald
a a €d’ v a a 1 va n' o 3 ,&’ 1 o va
dunidnltomeamuisnaigiavlawdasad ldduazidindwuldunin danarialid
1 =) { Q. é/
midaaddasasamisaananiugvaslusdululSimniauniu
USumlUsaun lda1nnIzuInAIINA[aI% ﬁﬂ’%mmm@;mmﬂuﬂ%mmﬁmmm
iUl lwltUsslomile widnasiuSunmlusdn bivinnuunasllsauagnsduneunzIniIm
i ndusinusunuldsduainunadan 1w Uantluw nnaundasludasnnaaas twasinldld
TIN5 89807 WATNAT LaAINNIZUIBNITINARDIa199TANUARIALARaINILTha 91N
o ' a9 v a & ' ° '
ﬂ“ﬁmﬂmﬂuaﬂ‘ﬁmﬂamaﬂ"l,ummmmquvlmm@muimzmmmmmmama:mﬁmmwa

v |a Y o o a & a = v A o
11’\1]53\]’](]&'5']@E]’]V\’]i“ﬂvl(ﬂ"iﬂﬂﬂ5$ﬂ'3uﬂ']5@nLﬂ%vlﬂﬁ'iﬂigﬂinﬂtﬂuvlﬂ HIVEADINUNITWRI U
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=2 o Y . vad &
ANWILWUINIY (response surface methodology) lumimuq&lﬂaﬁmm@aawma 9 1AG9u N9

ﬁ%mmwahmamﬂuwa@LLa:LﬂuNaLawm@“uunum:mums

6. @3iua

NANAAAzNaWlUTAUA Lo I@mmuni:mumwu”nﬁl%i‘@qﬁumnﬁ'am”uﬁ%wﬂwﬁ'm@LLa:
@ a o [ d' 1 1 o @ A ::i 1< 6 = t:ll o |
wNwazrainvunawinuminizsnsatwsnidudszloviuazinaswanaunsniin ludn
0 e 6 A g [ v = o a ni
RIBHINDIMIITATHIOLRUIFAT 16 LT ULWINIINITHINANRANIINITINBATNUTZ A N
= a 1< o v a 4 t.i % {d‘ 2K
mawamﬂuﬁnmumﬂm’lﬂmn@ﬂiﬂwugaq@ LNANALNHAIRITRAIN LT FIWNINIIN
AMNDLKRABILAZUAL 1

agﬂ"l,@T’j’lmﬂauIﬂsﬁuﬁ"l,@Tmﬂﬂizmumﬂm’lu%bﬁ mmmﬁﬁazﬁwvlﬂﬁﬂuﬁ'@]qﬁu
NRNDIMIIFAT WU antln mnn‘"’;mﬁaaLLam”@]qﬁuwaummsé’mfamaﬁuvl@i’ wialdsiun
IHaATIRIWTRNIZEY AANIIVNRIFILIAFDUNIITITNTIA LA T ULUINII I TWNAUINTT
Iﬂﬁwﬁmwamamsmm@lsmlm"’l,ﬁl,ﬁ@ﬂ‘zz‘[wﬁgqqﬂLLazdawa@iam'mu”ummaﬁmmmsvlﬁ

\ <A
AN NN

7. Jalanauns
7.1 lun13vinn13vinganaseda b la i N1 I LN B AN BINTZUIRNITRA N WT A2 8
NNIABNLWIRLTDS 1 LATA%INaIMELTN NN LN TZUIUMTRAN INDLANU T2 ANTAINILAS

@ Aa @ X
laaserrsnfidselooilwaunndu (Air plant protein: APP)

6 aa

7.2 Idaznaunldsduuazaasluuwiof laannIzuIBNNITRUNNINARRILALITA TN
21gan WalIsuifisudanniseiyidvlausznania lagviinisaanuuunimanas
LHUNINARBILLLFNFNYTDL (Completely Randomized Design: CRD) tWail3ouiisuiladn

69 9 NidnTnadanandnuniasiiesla

naanssndsznd
a o g 1 o = 1 s 1 A 1 a s 6 6
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ABSTRACT

This research presents a study and an approach to improving the productivity of the fresh
corn silage production process at a silage factory in Sukhothai province through computer
simulation modelling. The proposed simulation program is called flexsim, which generated a
prototype model. This prototype was compared with five alternative models to enhance
productivity. Based on the analysis of the experimental results, the prototype model,
designed to simulate the current production process of the factory, revealed poor machine
utilization for large machine, with an idle time percentage of 75% and a processing
percentage of 25%. After adding a raw material amount of 25,000 kilograms into the
simulation model, it was found that the second scenario could reduce the machine idle time
by 17.5% and increase output from 10 units per day to 17 units per day compared to the
present operation. From the results, it can be concluded that the case study factory does
not need to invest the money to improve the productivity by purchasing new machines.

KEYWORDS: silage, production process, simulation, flexsim
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ABSTRACT

The purpose of this research was improvement shape blade chopping cassava to reduce
losses and increase life time of blade chopped in production process chopping cassava of
Kamphaeng Phet starch factory by apply QC 7 tools for find respond of short life time of
blade chopped. There are difference distance between of teeth blade and there are equal 8
16 24 and 32 mm made from stainless steel SUS430 for increase life time of blade chopped.
The result of the study distance between teeth of blade chopped at 32 mm is life time more
than 77.5 hours by compare original shape blade is 48 hours increase 29.5 hours or
representing 61.46 percent and that is reduce costs of bland chopped from 60,000 baht per
month reduce to 43,107 baht per month that can be reduce costs of bland chopped 16,893
baht per month per 1 machine.

KEYWORDS: Starch, Reducing losses, QC 7tools
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4.6 EDAIWNIANENIVY
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Py argmsizulula (za.)
AN
8 AA. 16 AA. 24 J4. 32 uu.
1 50 60 69 78
2 56 67 71 75
3 53 60 72 78
4 49 61 67 79
Average 52 62 69.75 775
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Residual Plots for differece distance of teeth blade
Normal Probability Plot Versus Fits
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ABSTRACT
This study aims to examine the challenges and state of operating system security to develop
methods for monitoring, surveillance, and alerting. It uses data analysis techniques, including
frequency, percentage, mean, and standard deviation. The findings are as follows: Part 1
shows data management testing at 4.98%. Part 2's analysis and reporting stand at 4.93%.
Part 3's alerting methods account for 4.98%. Part 4 discusses developing inspection and
alerting methods using automata models, which were found to be at a significantly high level.

KEYWORDS: Inspection, Security, Operating System, Automata Model.

1. uni
msinaluladnusisanliinaiiuanudssansuasszuuljuansdwissianle

yARINE NI LNIHRLAT LR IRAN W wANNUFaANE LT msﬂ%’uﬂgdszuumnﬁh

q o

o

Aa

Avnssudsalduiugn Winanusastszininnlaslinsznunisrinu uaswau
anuwingrlunsaraseuiiesatofianana wananit mssenuuuszunlaansavene
A1NANGBINTT (Scalable) uaznslEinaluladninFuuiidedinlunsdanistayaiiu
ATy Lﬁaa?ﬁaszuuﬂﬁﬁﬁmiﬁﬁmwﬂaa@n”mmzﬂi:ﬁw%mwgq N1INARBUUAE
aTIRaLat N ANTIBTUTBIA NI NdILaz AN T wBe iUl I TIaRE AN
dnsuwaznasdinanulaeaivatnadlsziniam @”aifummfﬂmﬁzymmdﬁf:a:ﬁﬂvl,ﬂ;jmi
W”@ums:uuﬂﬁﬂ'amiﬁﬁmﬁuﬂaa@m"'aLLa:ﬁszﬁw%mwga"ﬁ?u NIINARBULUAT
n1sasaseuszuudfidnisednamunzaaiduduasudayiislwaunsasuses
anugndasuazUszninmuesszuulumsamameuuaziiszfinnuFsuaznsaziia

“ Ve 1 A a a = o an a &
ﬂ’.l']llﬂﬁa@ﬂﬂqﬂaﬂqﬂwﬂigaﬂﬁﬂqwLLazLﬂui:uﬂa@]IuN@]NqﬂﬂdTu

2. NUNIRITIHATIN
21 anaawasdaaanunisluiuas wia Cybersecurity
o & o & ad o X A
anudasansnislmussidunsevuazlassasrisingiunmanaluladnasrsdu e
Unifasdaya 03atne uazgUnininmidasiunauiiaaivasasdnssiulngiinainnisld
% 1 £ = [ v 6 & A L v XK
sruudayadinyaaauaznineninmelunaiinisdiulfranduafinedasiuniaditua:
nslandlasldldsuayyia (1] lasgadulunnssnsanudseadsrassninuiadow
4 v [ 6 % Qs a
saulad anwanInduanudasansndloineiveswinaiuldiunisdiudyslan

ﬂiﬂ‘lJﬂQ&Iﬂ’ﬁ@]i’)'fﬂﬁﬂﬂﬂ’)’]&lﬁ’]ﬂ’]ElLLa:EJ‘ﬂﬁiiﬂﬂﬁl?Uvu AUV BANNLREANE

UnA2IUI9Y ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




ljg Kasem Bundit Engineering Journal Vol.14 No.2 May-August 2024

milouaivaaninnulaiunnivdy auglliunsamaseudiduuazglasauan
willaannsusemun ludyniwiegdasiaainan I@]ﬂﬁf@lqﬂs:mﬁlﬁﬂﬁﬁwLLu:ﬁn‘Lumi
ﬂ%’uﬂ@ammmmm@i’mmmﬂaa@n“'mma"l,smua%maawﬁfmmmiﬁﬂmﬁ@‘hLﬁumimﬂ’lu
finnuamensTinimInnulasasunslauefuiend (SCR)MIreUmRRlEIT NI
iamam]”agachul,aﬂmmazmiﬁ%ﬁnﬁﬁmﬁaaﬁ'uqﬂmﬂiﬁﬁm”ty 7 % wldIazduuInig
Tumafisrinszanulasanoneloued LL@if?laf%m”mﬁaé’fadQGLﬁuvlﬂﬁ'msﬁﬂmLﬁ"aﬂ%'uﬂgd
m’mL?TﬂﬁlLLa:ﬂ'nwflummﬁﬂasa”ﬂIﬂSLLﬂiuﬂﬁiﬂﬂamwLﬁaﬁ'mumﬂ’mmy
nswamrnezanudasadomiloeidmivyaanslasaniznssiuauuLaz LIy
minanrnszanulasasomslausiiiufansiuds 9 udisaylunssanilana
waznswansisniu ﬂﬁﬂuﬁﬂ‘ﬂﬂilLLa:q‘]Jﬁiiﬂluﬂﬁﬂ‘ﬁlwﬁh‘]:r::‘]_qlﬂaﬂﬂil,ﬂu%l’;s’ﬂSﬂﬁﬂﬂ
Fasrnaniinniu lasanizetnsdedsadwivitvundygasndszanmi liioiwe
ﬁ%m%‘uqﬂﬂaﬁm:ﬁa%ﬁuﬁazﬁmmmwL%ammyﬁmmwﬂaa@n”mmavl,smua? Fathu
anunsanlfnuesldsunsumsdned e dawa’tﬁ@%mmmmmLmamﬁmﬁmﬁu
qﬂmﬂimaﬁrgry’]mﬂmw‘ﬂmL@iuéhmmmﬂnmLmau‘n%'wmnma:mmL%U’eryﬁihl,ﬂu
a%m%’umiﬂ'];am']ummméf’mmmﬂaa@ﬁ'ﬂmﬂmua%mamammﬁauia [2] wananit
milfinaluladigsledsunssensulwrenaresmsisaduanudasasozsunalulad
Aaufataat wazaaunaluladiainssuasaninadianniafinggsdszauanudnialy
n1ssanistuanaimadinaudsaasslasnislfunifaveswadfnanzanun

ISNELATH [3]

2.2 anadasangzasszuuljianis
nyinmanudaeadsresszuud jidnsdonumdraglunisdndesdoyauas
et a a g 09; 04 v &, 1
nindaumeluszuunaniiimed aatuanudasanslasyinvesrzuudayaaidnidsduay
nudszEnsnmpesuwlsunsanudasansfiin lldnslusuud fidnmsass iudaiiasss
fldsunmIsanivadnanisveiiszuudfidne Linux (08) liwsawalugiuzgunsnl
nmanudasansfiasauagulasiiunandeniaaiuaiisszuud judnisnnaazida
laldldsvayyia nslandnilowed uaznisdanistoysszuud fudnisviminiidu
6 o ¥ o a 6 =2 @ a 6
asadsznavdaglunisviuassneniaees [4] vandsnisdasnuszuuaauiataasidn
@ 0 @ ' § aa v A& o @ % %
wiladdgvasanuiudaialugaddna seaseuagunisinuguanindnfisuaznsldam
a l A 3 v K =y [l v =
niwenIatamingay iadndastayannmadhiimiamur lulaslildsueuana (5] &
wanmydan 4 dsznslumsinsenadasanstoyaasdaldis 1) msinsanuay u

Tayamansnidhisldianzyanaldiveygia 2) mishmanuauysal iWun1siusesi

Faculty of Engineering, Kasem Bundit University Research Article




3ronssuAsinuUUru7a OR 14 alun 2 wOuNIAU-AVKHIAY 2567 ]33

Tayaligniddsuudadlaslildsuaugna 3) anunsenls idudayauazuinaniauldim
4 =) v

Wadaudainis 4) nskiud Jissaduiuliateu ﬂga;jﬁiaLLa:pﬁuvl,&immmﬂﬁLaﬁ
msm:ﬁnﬁtﬁmiﬂaﬁuﬁaga @T\‘iifumsmuqummﬂaa@n”mslm:umauﬁamas’ﬁ 5 32QU
wanaaaalufl 1) Audit unisanaseuilandug@uiiunis 2) integrity iduniiiinua
;Eﬁimminun”[wﬁaga 3) Encryption Lﬂuﬂnsﬁmum‘?ﬁmmmgﬁaga 4) Authorization 11
miﬁmumj]”ﬁ"l,@ﬁ'uagfymLﬁwﬁo“ﬁ’aga 5) Authentication 1Jun1sfiududrauvesgls 4
N35INTRBIRENMIME HET9Tr LR R eTUsaatsuanidedeld Tandasriu
nmadhfisuaznsudladayslaslaladivaygia wazinsanusvdeyalvgge uds
msﬂ{ul“ﬁua:msﬁw;ﬁﬂmmmmsmwﬂaa@m”zlmmf:ﬁaa@‘hl,ﬁumsasi'm@ial,ﬁam,ﬁa

sufanunvgnanululandinesfidfouudadliainimaii (6]

2.3 szuud)ueanis
A on ) & ea o v Ao & A A &
JeuUUHuams LﬂmzuusnamLLaswm%mmmmsqﬂﬂsmmUiutﬂ'saaﬂauwamamaz
I 1 6 6 a v a 6 Y 6 £ > n:i
VUL RRITaNA LIS BWRZUINITNIIAIBIUTUNTNABNNILADT WU NWINTURANTN
'i:umJﬁﬁ"@lmsﬁa'hﬁi'nflw,ﬁmﬂTaoﬂ”umsmzmm‘%”wmm‘n”’mauﬁu@laiﬂ,ﬁa’?@qﬂszmﬂﬁlu
mﬂﬁu?maﬁl,ﬁmimﬁ'uLLa‘wwﬁLﬂfumaw@TLLﬁﬁLﬁ'mfaaﬁ'umif,%ﬁaQaua:msa"'@Lﬁ‘u
fagamugjvlﬂﬂ”uaﬁ@LLﬁmwﬂi:ﬂamaaﬁaﬁﬁamsdaf@gamnvl,warmm'ﬁmmmuu
%ﬁwamimﬂauiagavlﬂzToLLa:mnaﬁﬂﬁaﬁLLazmimzmacwﬁ”ayjaﬁ'ﬁ:uu@aamuﬁamm
m%mhﬂLanﬁvgmLﬁmvl,ﬂﬂ'aéiﬂwal,l,azmsﬁ'@msﬁuﬁﬁmﬂmmﬁ’nﬁamauauawiaﬁ’ma
A L= o = o =3 v Qs
Fands FIN1TIAFITLIANRIRIUNIIT LT LU LTRLTASUAZ NI NI UNIINT NN WY
sanduaiuanniintunatslusunsuifadode g G8nswadanissuiuazmisldzuuinm
mmﬂaa@ﬁ'ﬂﬂauﬁ’;L@la§maawﬁfm'\umsfl,uaa@Tﬂiwams%’mgﬂﬁwﬂﬁﬁaiﬁm']wj’l,m'
wﬁfﬂmw,ﬁmﬁ'umﬂ"ﬁizumauﬁaL@las‘ﬁﬂaa@ﬁ'ﬂLLazLﬁ'aﬁmu@mmmiﬂaaﬁ'uﬁ'ﬂqﬂmu
o ' =1 k% v a wa a 6 1 6 U
dadnidnmdeznaudiedl jufnuaauiieas 327 awannguinoausgs lasld
a 1 1 q:’/’ ld v { s 1 v aaAa a
a‘ﬁ'msqmmmmwu sﬁwasgaﬁ"l,mumsm'maaumumiﬂs:qﬂ@l‘hamme‘imm
{ = ' { { aa A 2
mamqumwﬁ Wosidua faiy wazaNudeIuniIaIgIn ARBAIURDALTIBUNI T
32069N1INAFAY t-test, One-way ANOVA, LSD, uaz Pearson’s Correlation @1aLneusing
ﬁfﬂﬁm”tymmﬁﬁagﬁ 0.05 I@ﬂmﬁﬁ]‘”ﬂizqdwQLfﬁaumulﬁmszqhmsﬁwmulu
nasusIsninsinudaldsunssensuadrauiulate luanudoiry e tasny
AuUaaanredssuUAaNRILaas [7] a9 lsnanunianssudualuUaaanavad
i:uuﬂﬁﬁ'ﬁmﬂﬂumnjdLﬁu"l,ﬂﬁmnﬁu%m’mmminlu@”m@m6] LTY RATWLIARD Y

o a A A v o o A &
ﬂ’]?@]'lL%%ﬂ’]iV]L‘ﬁE]ﬂavL@] (TEE) ANuUaaNuNIIINRDILENDY ﬂ']?E]E]ﬂLLUUVLNIﬂil,ﬂE]'SL%ﬂ

UnA2IUI9Y ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




]34 Kasem Bundit Engineering Journal Vol.14 No.2 May-August 2024

fPTUANNURDANUVBILABTIUG BAzANNURDANVBILEUNRLATULLLNTEANE WIANTTN
e 39389 Penglai, CloudVisor, ChCore Waz PiXiu buszlomiannniseanuuusiuni

6 6 6 [ 4 A % o A I3 ' ' % o A
PAITITALITHATTONALIT Lwa’l%msﬂaanumwaLmsmanﬂqﬂmumwﬂaa@nm
WANNRANY UNANURIINUMIUNEINUMIITINMINanluldszeu lasthiauaningiad

mauﬂquLﬁ'mﬁ'ummﬁn%ﬁﬂumﬂiuhﬁm*mﬂaa@n‘"ﬂmadizuuﬂﬁﬁlms 8]

2.4 aalaxon
28laN1aN (Automata) LWLULINABINIATAMIAS FELWANTBTLN BT UABUNTYINIY
28910389903 An1sudsealaviansanidu 2 dsziannan fe salaniardinaidsfiinue
(Deterministic Finite Automata) Waz aalau1ansnalssliiinua (Non-Deterministic Finite
Automata) [9] lasdansaensrinauash 1) salavnandnnaiderinrua (DFA): R1815050
o o & @ A A o A o o ) o o @
susneoianiinazidfowanius ldgsaniueidinue [ia9nidnla 2) salaniadina
a ' o a A A ~ ' A o A
Falaimnua (NFA): aunsadmadenlumsidfswannue wazliaanusannninnieaiiien
e A = = A o v A o = A
anuanunsalwnsaaaulafinisifanfazyinliiasesrinauanavuazidenidfsuaniue 14
FIN19n% adnun1saadulavuudnifieadesnunisidfousaiunifalininua
(Nondeterministic State Transition) ¥inl# NFA s u1savinnuldaseaanaulasiiziunsa
o A A o A a oA ' AaA
dadulalunisldasuaniugldnaroniaifon dadarnubanduiuand19an DFA N
nstmusamadealunsdisuaniuz thanmsldnuealauadesiadnasluzuoy
@ 9 sansndaslunmsuitywinaziianeinsitnuasszuuNdanwmensiefanlng
MuIBAD WAL UAIE LutuanmusaLTUAawn R [10] o819 lsAaunsUfuaaw
v 6 ad A v et b 6 ¢ A o
nIduasansuazinaluladianuiisitasnumsnamsanduifivallun1saanisuas
Yudnsd juenuninuauasasdns auaaunsausanauaidanudaylunmsliduinig
waznAaA el iNanauauasdanudainuazanuiiwalazasfldnu nmaiiaiasile
& & o & & ' o a
nssanauriilslunszuannmswawinasnasausanauwrsidudindraglunisiiy
a a { v &/ Qs qu/ § v Q wna
UszAnFnwuasaNNEi T893 UUNRIITU AIRUMTANIINLTNNTNaFa LA LU ALY
6 & & a g v A A = AA o o tv 1
gaWaursivwodwatatulaidunvianla thasanfinansznuinddoudianee
ATTLIBANTAAUW NI MENITNAROL A LUNATIDAATZHLIANAROY AANTNUNNTN T (1T%
LIIIIHAR) LATAAANNAANAIATLAAINNAITNAFILIBATD NAAWT HINUI IR bE 1
o wa o ' A o A A A a a
AMInarausaluiftasnitianflslunisnageudioie SstruRndszinEainly
A o o wn A A Ad o o o
ATTUIBAINARDY TINTbEN1snasevdaluialyszloaduindslunsdindasvingn

NINAFALRAILATI aNANH N1 mmwami‘mﬂaauﬁ"l,éﬁ'uNaé'wﬁgﬂﬁaum:mm%

Faculty of Engineering, Kasem Bundit University Research Article




3ronssuAsinuUUru7a OR 14 alun 2 wOuNIAU-AVKHIAY 2567 ]35

v

! val s = a A A a g [ 6 o v v
ﬁ?ﬂI%ﬂNW@N%W&I ﬂﬂﬂ‘ﬂ‘lﬂL‘Hﬂﬂaluﬂ’]i@lﬂ@ﬂm’)’]‘ﬂaﬂ@]LL’J?‘YI’NW%L;]ﬂ@]a\‘iLLa::ﬂTUﬂ’J‘H:@]"I%J

v

o A 1
AafRuARIa L

3. 5N NHHITWIIY
va @ K

n3AnsaTIkdun133981399 MW (Qualitative Research)I@mpwﬂﬂm Lae

(2
=

IIWNNTBYANN 2 Unaanan [11, 12] lasdTuaaunseinnuissadds bl

34 Me3BNTaNa

1) MaaIsutays Lﬂm’am'suﬁagaﬁ'lﬁzm]”aaﬁ"m's'mﬂaamn”waas:uuﬂﬁﬁamﬁ
mawﬁmaaﬁagaﬁﬁuﬁﬂ (L'amLLa:'i“uﬁLﬁmw;ﬂﬁfﬁ, Uszinnvasianssy (1w lngseuy,
WaswulasWs, m‘n%amiam%ﬂi'm) Q’L“ﬁﬁauaﬂwﬁLﬂ“ﬁuﬁﬁ'\ﬁanﬁu, Aunveshianssy
(IP address, Tatn3a9nauiLAad) 1ow Tuiinnsanfeszuy (TufindwlWe log Ao
suleing wanduwlnsndlassaantaiam, I%EﬂLLuuﬁmminﬁﬁLiﬁ;js:uumia”@mi log
saluaiale iudu) myswuamsldauiidaund (anomalies) wsamslandmdwlule uas
ﬁﬂmiﬁ'@gﬂLL'umTagaLLa:ﬁ’lmmazamﬁagaLﬁalﬁﬁmmmm:am‘h%%’un’ﬁﬁ’lﬁ%ﬁﬁq
Tuiaa i’Juﬁami‘nmauﬁagamﬂ"ﬁmuﬁﬁ@ﬂﬂa (Anomaly Detection) a”@]qﬂs:mﬁl,ﬁa
mim’mﬁ'mmzﬁmmmqmmiﬁmmﬂué’tycyﬁmmaamﬂwﬁ%?aﬁﬁmsmﬁ"l,ajﬂﬂa

2) nstdenuszairelates unisidenuszeanuuulutaafinuizsudnsy
nsasragauuazidnsziinnalasads Tasn1sld35n13asaasunisniaide (Intrusion
Detection Systems - IDS) slugll kU1 Deep Neural Networks (DNNSs) L‘ﬁia vdunaslala
msa*i”wizfuum‘na'«j“um‘iﬁ’lﬁoﬁﬁﬂ'swmmm’l.umsm’mé“uﬁbQnmwﬁsﬁueﬁaumnfu LT
m3lau@idrumsringn q (replay attacks) wianslandinuylins1uda (zero-day attacks) lag
1#lasstnodssmmiisufianuinuniiasnsuszanasusnsmenilandn linodun
it le

3) minlaaa Lﬂumﬂ"ﬁﬂ]’aHaﬁm‘%w"ﬁiﬁaﬁﬂiwmaaai@]m@i’ﬁ lagnslginalulad
MIsousigaedn I@mrﬁﬁ'ﬂ"ﬁagmﬁﬁm 5 79 ImalQ"?ﬁ'&lvl,@i”ﬁ"m’lﬁl,ﬂ‘mzﬁﬁaQa@‘i’o@ia"lﬂft

- q@ﬁﬂﬁaﬂamsaﬁwiumaﬁﬁ'ﬂujmm]”aga (Supervised Learning) 5 70 9n7avaya
anua (Vi 100% VaITBYA)

- qmﬂniummﬂm‘hﬁunm (Time Series Training) 2 7@ LLiJ'a“ﬂ’aga“q@maangﬂLLﬂa

aantdusiuday 2 1u 3 Va4uAaTARN

UnA2IUI9Y ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




]35 Kasem Bundit Engineering Journal Vol.14 No.2 May-August 2024

sklearn.model_selection train_test_split
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ABSTRACT

The cost of electric power consumed by a server computer is a significant component of its
total cost of ownership. Since database servers are essential in the era of Big Data, we
studied the performance and energy consumption of a small server. To achieve this, we
stored a large set of RDF (Resource Description Framework) data in a database (RDF4J)
running on consumer-grade hardware. Using realistic SPARQL language queries from Wiki
data and a low-cost power/energy meter, we measured the energy consumption of RDF
query processing. Our database management system responded to queries over a network
connection, demonstrating that the network processing overhead in query processing was
quite low (about 2 to 4%). We found that the most energy-efficient processing (queries per
Watt) could be achieved with a slightly larger degree of parallelism than the best throughput
(queries per hour). Moreover, we discovered that using a stripped-down version of the
operating system on which the database ran did not affect the energy consumption of the
query processing.

KEYWORDS: database, energy, RDF, RDF4J

1. Introduction

According to an estimate by the International Energy Agency (IEA) [1], the ITC
ecosystem in 2019 consumed about 8.9% of world electricity supplied for all purposes. Power
and cooling were between 25% to 33% of the total cost of ownership (TCO) of an enterprise

data center [2, 3]. Analysts estimate that in 2024, 147 Zettabytes of data will be generated,
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with the amount increasing each year [4]. New methods will be needed to manage the data,
store the energy needed and process the data. Indeed, energy-efficiency is one of the key
drivers in the UN Sustainable Development Goals 7 (Affordable and Clean Energy) and 13
(Climate Action).

Big Data has been loosely defined as “the information asset characterized by high
Volume, Velocity and Variety to require specific technology and analytical methods for its
transformation into value” [5]. The value can naturally be financial potential or other benefits
if the data can be analyzed. The challenge in managing big data lies in the ability to efficiently
locate, access, store, and integrate vast volumes of rapidly evolving data that exist in diverse
formats.

Here, we would like to promote an assumption by Martinez-Prieto et al: In the presence
of heterogeneous data, the more data integrated and managed under a common model, the
more interesting the knowledge generated may be, increasing the resulting dataset value
[6]. As a common model, the Resource Description Framework (RDF, see [7]) appears to
be a usable tool for Big Data integration. As discussed by Cruz and Xiao [8], data sources
can be heterogeneous in syntax, schema, or semantics. Syntactic heterogeneity is the result
of using different presentation formats for different data sources. Schematic heterogeneity
results from structural differences in the data sources and can mean naming concepts
differently in them. Ontologies, expressed in RDF and RDFS (RDF Schema) can alleviate
these problems. We can define an RDF statement as a pair of resources (nodes) connected
by a property (edge) [8]: a city (node) Rome is connected to its population (node) by a
property (edge) “has population”. Due to this format, RDF statements are often called
“triples”. RDFS is used to define the semantic relationships between properties and
resources by using namespaces (or prefixes). For example, the prefix
http://www.wikidata.org/entity/ defines the semantics of entities that can appear in statements
about them in the context of Wiki data (see below).

In this paper, we present a method for measuring energy efficiency of RDF queries
applied to non-trivial amounts of data. Our dataset is based on Wiki data — the data resource
behind Wikipedia’s articles. Wiki data contains data items described through property-value
pairs; for example, the item for "Rome" might have a property "population" with the value
"2,777,979" [9]. These statements can further be refined by “qualifiers” like the statement

above qualified as being an estimate by The Italian National Institute of Statistics in 2010.
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Furthermore, items and properties each possess their own dedicated Wikipedia pages (such
as “Rome” and “Population”) and are also associated with unique resource identifiers (URIs)
[9]. For example, the URI of Rome, Italy is http://www.wikidata.org/entity/Q220 and the URI
for population is http://www.wikidata.org/entity/Q1613416. Our RDF export of the data is an
RDF file of Wiki data, available at archive.org (https://archive.org/details/ wikidata-json-
20150706). This file contains more than 1 billion statements. The queries used in testing are
a set of 30 Wiki data sample queries from https://query.wikidata.org. The query language
used is SPARQL [10].

Though the terms energy and power are often used synonymously, power is measured
by Watts and energy by “Watts over time” like kilowatt hour (kWh).

As discussed by O’Neil [11], there are several types of database performance:
throughput, response time, and the appropriate cost per user. By convention, we use “queries
per hour” (QPH) as a measure for throughput and “average query processing time” as a
measure for response time. “Watts per query” (WPQ) or “energy efficiency” is used in this
paper for cost evaluation.

Our research objectives are:

® To evaluate the database performance of an RDF database management system

(DBMS) operating on a commodity hardware PC.

® To identify the energy-consuming software components in a database system and

determine their proportional power consumption.

® To analyze the differences in energy consumption when queries are executed in a
DBMS running under different operating systems.

The rest of the paper is organized as follows. In Section 2, we give a review of related
research. In Section 3, we describe the data, queries, and environment used for testing. In
section 4, we detail the actual tests and their results. Section 5 contains a summary of the

research and its benefits, a conclusion and directions for future research.

2. Related Work
In related research, Pickavet et al [12] gave a summary of power consumption with
different kinds of information and communications technology (ICT) devices. Their survey

includes energy consumption figures of TV sets, and video players but for the purpose of
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this research, the figures listed in Table 1 are the most relevant. Table 2 contains the

International Energy Agency’s estimate of Worldwide ICT Electricity Consumption by

equipment type [1].

Table1 ICT equipment and their power consumption

Type of equipment

Power consumption when active

Desktop PC with an LCD display 100 W

Laptop PC 30 W

Volume server 220 W

Mid-range server 700 W
High-end server 10 000 W

Table 2 Worldwide electricity consumption of ICT equipment, IEA estimate 2019

Type of equipment

Electricity consumption

Data centers 200 TWH
End users 550 TWH
Network equipment 250 TWH
ICT manufacturing 1000 TWH

Following Bianchini and Rajamony’s [3] example, a 200W server running for one year
would consume 1750 kWh. Based on the current U.S. electricity prices (17 cents/kWh) in
2024, the cost of running a 200W server for one year would be approximately $300.
However, Bianchini and Rajamony calculated that cooling the server for a year would
consume an additional 498 kWh.

The energy efficiency of PC hardware has improved since Pickavet's study. Park et al
[13] stated that an ENERGY STAR registered LCD monitor consumes 10 to 25 Watts in on-
mode. The ENERGY STAR Program [14] specifies requirements for typical annual energy
consumption (TEC) in kWh. Some energy-efficient PCs listed at the program’s web site have

TECs as low as 5.4. During our measurements, we recorded power consumptions between

Research Article
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23.7 to 93.3 W. A PC hobbyist web page [15] gave the following measures for the
components of an office PC like the one we have used in our tests:

CPU Intel i5: 73 to 95 W,

Motherboard: 25 to 40 W,

RAM DDR3: 2 to 3 W,

Hard drive 3.3”: 6.5t0 9 W,

80 mm case fan: 0.6 to 1.8 W.

Barroso and Holzle [16] have promoted energy proportional computing: computers
should consume energy proportionally to the tasks they are performing. However (as of
2007), even an energy-efficient server still consumed about half its full power when doing
virtually no work. Lang et al [17] studied if processing (optimizing and executing) queries as
fast as possible is the most energy-efficient way to operate a database management system
(DBMS). They found that this is not the case due to low server utilization and the hardware’s
power/performance configurations.

Economou et al [18] presented a study of energy consumption of a server computer
(“blade”) and its hardware and software components. Further, they developed the Mantis
model to estimate a server's energy consumption.

Arenas et al [19] discussed the logical model of RDF databases and the SPARQL query
language but did not mention any actual RDF DBMS software implementations. Wylot et al
[20], on the other hand, described multiple methods of implementing RDF storage and
queries and listed DBMS’s that utilize them. Bizer and Schultz [21] introduced an RDF
benchmark and tested four different RDF storages. The Java-based Sesame [22] is a popular
RDF query processor and was discussed in their study. Sesame is the basis of the RDF4J
framework (including a DBMS) and the commercial GraphDB product. Nacional et al [23]
compared the performance of several RDF storage solutions (including RDF4J) with medical
publication data and further compared their performance with a MongoDB storage of the
same data. However, energy efficiency was not discussed in their study. Hernandez et al
[24], likewise, studied RDF retrieval using five different RDF DBMS’s (including GraphDB)
but did not study their energy efficiency. Notably, they used Wikidata in their study.

Shakhovska et al [25] provided a framework for Big Data processing based on a formal
model of Big Data. Big Data technologies like Hadoop [26] combine distributed processing

and storage methods.
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Queries with RDF data in Hadoop environments have been discussed by Schatzle et al
[27], Kawises and Vatanawood [28] and Husain et al [29]. Husain et al tested a limited set of
queries using a 10-node Hadoop cluster and RDF data with up to 1.1 billion triples. Niinimaki
et al [30] tested RDF query processing with many different node configurations in a Hadoop
cluster and improved the processing speed (compared to a single node solution) by 85%.

Concerning database query energy efficiency, the Transaction Processing Council
(TPC) releases benchmarks and tools aimed at measuring the “Watts per operation”
characteristics of database products [31]. Tsirogiannis et al [32], using the TPC benchmark
data, studied both hardware components and relational DBMS software methods in their
database energy efficiency tests. Niinimaki et al [33] measured the energy consumption of
a web-based database application and presented methods to improve its efficiency. Some
studies have addressed the energy efficiency perspective of using RDF data on the Internet
of Things context [34]. However, to our knowledge, there have not been studies measuring

the energy efficiency of RDF databases and comparing our results with others is difficult.

3. The Test Data, Queries and Environment

For our tests, we have used a publicly available large data set from the Wiki data [9]
project. This data set contains the statements of Wiki data, archived in June 2015
(https://archive.org/details/wikidata-json-20150706) in the Terse RDF Triple Language [35]
format. The data set had some mistakes like encoding of the percent sign in the URLs, but
after correcting those, the set contained 1 051 431 958 statements. The data size of the
storage for these statements was about 96 gigabytes. An example of the data is shown
below; the first item is about a volleyball player. Property P21 states her gender (Q6581072
is female), P31 — Q5 states she is human and P569 states her date of birth.

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .

@prefix wikibase: <http://wikiba.se/ontology-beta#> .

@prefix skos: <http://www.w3.0rg/2004/02/skos/core#> .

@prefix schema: <http://schema.org/> .

@prefix wd: <http://www.wikidata.org/entity/> .
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@prefix wdt: <http://www.wikidata.org/prop/direct/> .
wd:Q702872 a wikibase:ltem ;

rdfs:label "Zhao Ruirui"@en ;
skos:prefLabel "Zhao Ruirui"@en ;

schema:name "Zhao Ruirui"@en ;

schema:description "pallavolista cinese"@it,

"Chinese volleyball players"@en,

wdt:P21 wd:Q6581072 ;
wdt:P31 wd:Q5 ;

wdt:P569 "1981-10-08T00:00:00Z" Mxsd:dateTime ;

Our thirty SPARQL queries are adopted from the sample queries of Wiki data. The
queries include “Cats in Wiki data”, “Number of humans in Wiki data”, “Chemistry Nobel
Prizes”, and “Persons whose gender is not known” (shown below).

SELECT ?human WHERE { ?human wdt:P21 ?gender FILTER isBLANK(?gender) . }

At the time of the writing, there were 326 sample queries in Wiki data. We have omitted
queries that did not produce an answer with the 2015 data that we used. For queries that
produced thousands of results, we have limited the number of results to 50. Some queries
were omitted or modified because they returned multimedia content that our primitive test
environments could not display. Three queries ran correctly but their running time was so
long (more than 1 hour in our environment) that they would have dominated the test. The
hardware and software environments for our test setup are shown below.

CPU: Intel 15-4590 @ 3.30 GHz

RAM: 8GB DIMM DDR3 Synchronous 1600 MHz

Motherboard (with an integrated video adapter): Dell 02YYK5

Hard drive: ST 500D M002-1DD142, 7200 RPM, average seek time 8.5 ms.

Operating system: Ubuntu Linux 18.04 kernel 4.18.0-15

Java: OpenJDK 11.0.7 2020-04-14
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RDF4J: 3.1.3

Web Server: Tomcat 8.5.39

The energy consumption was measured using a low-cost consumer grade power/energy
meter TS-863A.

To compare our test setup with a more professional server, we have used a higher-end
Linux system kindly provided by the Ludwig Maximillian University, Munich. This computer
was previously used in our database performance testing [23]. The software is similar to our
test setup and the hardware characteristics are shown below.

CPU: 24-core Xeon (E5-2620 v2 @ 2.10 GHz),

RAM: 32 GB DDR3.

We measured the query performance of this system and compared it with our test
system but unfortunately, we were not able to measure the energy consumption of the server

due to data center policies.

4. Test Results

We executed the queries using two methods: (i) a completely linear execution where
the RDF4J server is running in a “console” mode as a single process and (ii) a parallel
method where RDF4J is running as a server.

The linear method gave us an overall view of the queries, while the server method
corresponded to a more realistic database server environment.

The running times of the queries, using the linear method, are shown in the first column
of Table 3. The test was repeated only three times because there was very little variance
(0.1% of the combined time) in the execution times. The average combined execution time
of the queries was 6530 seconds (about 1 hour 49 minutes) and thus, the average execution
time for a query was 218 seconds. The longest running query (“largest cities”) took ca. 22
minutes and the shortest ones ca. 1/10 of a second.

For the parallel method, we used the RDF4J web applications (server and workbench)
running under the Tomcat 8 Java servlet HTTP server. Using this technology, we created
the repository as shown in Figure 1 and executed the “URL encoded” queries as shown
below (the query is “People whose gender is not known”). The queries were executed on a
separate computer connected to the server by a 1 Gbit Ethernet cable. The data transferred

over the network by the requests and responses was only 352 kB.
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curl http://192.168.10.120:8080/rdf4j-
server/repositories/webwiki?query=%20%20PREFI1X%20wdt%3A%20%3Chttp%3A%2F %2F
www.wikidata.org%2Fprop%2Fdirect%2F %3E%20%20PREFIX%20wd%3A%20%3Chttp%3
A%2F %2Fwww.wikidata.org%2Fentity%2F % 3E%20SELECT%20%3Fhuman%20WHERE %
20%7B%20%3Fhuman%20wdt%3AP21%20%3Fgender%20FILTER%20isBLANK%28%3Fg
ender%29%20.%20%7D

Even though using the web server allowed us to execute our queries in parallel, Table
3 column 3 contains the execution times of queries when they are run as a sequence of
HTTP requests. Comparing columns 2 and 3, we can observe that the overhead of running
the queries through the HTTP server is small. The difference in the average combined
execution times was 282 seconds (about 4%). Both the console and web-based systems
executed about 16 queries per hour. For our higher-end system this figure was about 700

queries per second.

New Repository

Type: Native Java Store v
ID: webwiki
Title: webwiki

Triple indexes: SpOC,posc
Evaluation mode:  Strict v

Create Cancel

Figure 1 Creating a web-based RDF database

Our first parallel benchmarking task was to find the best performance level, which is
defined as the number of parallel processes that gives the most responses per hour. For
this purpose, we created N query sets, i.e. files containing the URL encoded queries in a
random sequence. These files were then executed in parallel. The results with different
values of N are shown in Table 4.

We can see that parallel processing with two query sets is actually less efficient than
running the queries individually. However, the queries per hour figures improved as we
increased the number of parallel query sets. This continued until the resources were

exhausted. We first noticed this when we ran 6 query sets in parallel. When running multiple
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query sets in parallel, the server was quite overloaded. The average load figures were
between 7.1 and 8.9 with 7 query sets. When running the linear test, however, these figures
were between 0.4 and 1.2.

Having determined that the best throughput (queries per hour) was achieved when five
query sets were executed in parallel, our next task was to study the energy consumption of
the server hardware and software while running the queries.

The desktop PC used in our tests is a typical “small form factor” office PC with an
integrated VGA and Ethernet adaptors, and a 500 GB traditional SATA hard disk (not a solid
disk drive). This PC is not listed at energystar.gov, however a comparable model by the
same manufacturer has TEC ratings between 77.8 and 100.8 kWh. Using our power/energy
meter, the power consumption was 23.7W to 23.8W, when idle. The maximum reading of
the power meter was 93.3 W. Furthermore, we measured the energy consumption of the
system when it ran for one hour with and without the Tomcat web server and these tests
gave a figure of 24 W each. We could not determine a definite overhead for the Tomcat
process when it was not processing any queries. This is understandable since the Tomcat
process consumed only about 0.3% of the CPU power and 3.3% of the memory. We shall
later estimate the energy consumption of Tomcat using the proportion of CPU usage (in
Figure 2).

The results of energy measurements are shown in Table 5. The linear test was executed
using the “console” command of RDF4J. The parallel tests were executed by connecting a
client computer directly to the server, starting the Tomcat server in the server computer and
running the queries using the curl program in the client.

Table 5 indicates that the lowest Watts per query figure does not correspond with the
best performance — it was reached after running six or seven query sets in parallel.

Earlier, we noted that the performance difference was approximately 4% when running
a single sequence of queries using RDF4J alone compared to RDF4J in conjunction with
Tomcat. Next, we estimated Tomcat’s energy consumption overhead when running queries
in parallel. Figure 2 (made with the Python psrecord package) illustrates the CPU usage of
the service containing both Tomcat and RDF4J. The CPU levels were recorded during the
first hour of parallel testing with six query sets. The average CPU consumption was 17.9%.
The role of Tomcat during the process was to pass queries to RDF4J, receive the replies

and pass them to the client. We simulated the process by measuring the CPU consumption
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of Tomcat when retrieving 25 small static files under its control (25 since this is the QPH

figure for the server). During this experiment, the Tomcat process’s CPU consumption was

0.3%. Therefore, it is likely that the Tomcat component’'s energy consumption was about

0.3/17.9 which is 2% of the Tomcat+RDF4J combination.

Our final research question aims at finding out whether we can save energy by using a

different kind of operating system. We tested the Porteus Linux distribution [36] and the

preliminary findings were mixed. When the Porteus system was idle, it consumed about 20%

less energy than Ubuntu Linux. However, when running a database and replying to queries,

there was no difference between the energy consumption of the two operating systems.

Table 3 Queries and Their Linear Execution Times in Milliseconds

Query# Command line
1 703
2 44
3 455500
4 520919
5 4250
6 12350
7 704651
8 1281709
9 3008
10 576682
11 131
12 239821
13 42411
14 13019
15 1119
16 987
17 166
18 121215
19 13840
UNAJIU3YY

Web server
1377
74
517986
508632
4637
13403
793857
1333476
2829
598554
162
249979
44843
15444
1348
1160
181
135043
15312
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Table 3  Queries and Their Linear Execution Times in Milliseconds (continued)

Query# Command line Web server

20 45527 57866
21 5583 5625
22 14523 15079
23 783339 786481
24 662078 673351
25 670623 678277
26 4818 4690
27 313785 314466
28 37124 37362
29 89 103
30 43501 42185
SUM 6573515 6853785
H:MIN:S 1:49:33 1:54:13
AVG 219117 228459
QPH 16.4 15.75

Table 4 Parallel Processing

Num parallel | Average query processing time Average query set QPH
tasks (ms) processing time
2 494663 4h9min 14.48
3 542872 4h31min 19.89
4 620471 5h10min 23.21
5 709122 5h54min 25.35
6 945741 7h52min 22.84
7 1115723 8h53min 23.60
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Table 5 Energy Consumption During Testing

Type of test | Num queries | Time (h) | Energy consumption (kWh) | Watts | WPQ
Linear 30 1:50 0.05 27.38 0.91
Parallel-5 150 5:54 0.174 29.44 0.20
Parallel-6 180 7:52 0.218 27.66 0.15
Parallel-7 210 8:53 0.247 26.5 0.15
30 -
+ 400
25 A L 350
L300
20 A g
E; 250 E
S 15 g
g 15 200%
10 150 &
r 100
5 B
- 50
0 T T T T T T T T 0
0 500 1000 1500 2000 2500 3000 3500
time (s)

Figure 2 CPU and Memory Consumption of Tomcat + RDF4J

5. Summary and Future Research
In this paper, we answered the following questions:

® \What kind of database performance can we expect from an RDF database system

running in a commodity hardware PC?

® How can we identify the energy consuming software components in a database

system, and their proportional power consumption?

® Are there differences in energy consumption when the queries are executed in a
DBMS running under different operating systems?

The main benefits of our research are:

® Demonstrating that a commodity PC with a Linux operating system is feasible for
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processing RDF queries. However, it is observed that the execution of complex queries

results in significant processing delays.

® Demonstrating that the overhead of network data processing is small compared with
query processing.

® Demonstrating that a “lightweight” Linux distribution does not improve the energy
efficiency of query processing.

For our measurements, we have used a large set (more than 1 billion statements) from
Wiki data, and a set of 30 Wikidata example SPARQL queries. Our hardware environment
(the database server) was a simple desktop PC with integrated graphics, 500 GB hard drive,
8 GB memory and an Intel i5 CPU. The tests were run using a client PC computer connected
to the server directly by an Ethernet cable. We measured the energy consumption of the
tests with a consumer grade power/energy meter connected to a wall socket.

The results, based on our measurements, can be stated as follows:

The commodity hardware PC’s query processing performance was less than 3% of that
of our higher end system (24 core Xeon with 32 GB RAM).

We can measure the impact of a database management system (RDF4J) in the energy
consumption when processing queries with a system that contains RDF4J under the control of
a web server (Apache Tomcat). However, estimating the impact of the web server is more
difficult since its overhead is small compared with RDF4J, and we estimate it to be about 2%.

Changing the operating system to a more minimalistic Linux distribution reduces the
energy consumption when the system is running idle but does not have a real impact when
the system is processing queries.

We have run some initial measurements on our desktop PC using a solid-state disk
(SSD) and the performance improvement was notable. This is in line with Intel's reporting
quadruple database performance when using SSDs [37]. In our future research, we shall
provide figures for our setup with an SSD. Other future research will concentrate on “fine
tuning” the operating system and the Java environment for better performance and economy.
More challenging topics will expand the scope of the study with other types of databases
and retrieval systems. RDF processing can be compared with a more recent alternative:
graph databases with the GraphQL query language. RDF databases have been studied in

the context of Large Language Models, too [38]. Expanding this type of research could
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combine the ease of use of Large Language Models with the fact-based knowledge bases

implemented using RDF.

References

[11 Gelenbe E. Electricity consumption by ICT: Facts, trends, and measurements. Ubiquity
2023;(August):1-15.

[2] Patel CD, Shah AJ. Cost model for planning, development and operation of a data
center. Hewlett-Packard Laboratories Technical Report 2005;107:1-36.

[3] Bianchini R, Rajamony R. Power and energy management for server systems.
Computer 2004;37(1):68-76.

[4] Alex Woodie. Big Growth Forecasted for Big Data [Internet]. Datanami [updated 2022
Jan 11; cited 2024 Aug 12] Available from: https://www.datanami.com/2022/01/11/big-
growth-forecasted-for-big-data

[5] De Mauro A, Greco A, Grimaldi M. A formal definition of Big Data based on its essential
features. Library review 2016;65(3):122-35.

[6] Martinez-Prieto MA, Cuesta CE, Arias M, Fernandez JD. The solid architecture for real-
time management of big semantic data. Future Generation Computer Systems
2015;47:62-79.

[71 The World Wide Web Consortium. W3C RDF [Internet] The World Wide Web
Consortium [updated 2014 Feb 25; cited 2024 Aug 12] Available from:
https://www.w3.org/RDF/.

[8] Cruz IF, Xiao H. The role of ontologies in data integration. Engineering intelligent
systems for electrical engineering and communications 2005;13;245.

[9] VrandeCiC D, Krétzsch M. Wikidata: a free collaborative knowledgebase. Communications
of the ACM 2014;57(10):78-85.

[10] Harris S, Seaborne A, Prudhommeaux E. SPARQL 1.1 query language. [Internet] The
World Wide Web Consortium [updated 2013 Mar 21; cited 2024 Aug 12] Available from:
https://www.w3.org/TR/sparql11-query.

[11] O’Neil PE. Database Performance Measurement. In: Tucker AB, editor. The Computer

Science and Engineering Handbook. Boca Raton, USA: CRC Press, 1997. p.1078-92.

UnA2IUI9Y ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




lﬁg Kasem Bundit Engineering Journal Vol.14 No.2 May-August 2024

[12] Pickavet M et al. Worldwide energy needs for ICT: the rise of power-aware networking.
Proceeding of 2nd International Symposium on Advanced Networks and
Telecommunication Systems; 2008 Dec 15-17; Mumbai, India. Piscataway, USA: IEEE;
2008. p. 1-3.

[13] Park WY, Phadke A, Shah N. Efficiency improvement opportunities for personal
computer monitors: implications for market transformation programs. Energy Efficiency
2013;6:54-69.

[14] ENERGYSTAR. ENERGY STAR program requirements [Internet] ENERGYSTAR
[updated 2010 Aug 1; cited 2024 Aug 12] Available from: https://www.energystar.gov/
sites/default/files/specs/private/Computers_Program_Requirements.pdf

[15] BuildComputers. Power consumption of PC components in watts. buildcomputers.net
[Internet]. BuildComputers [updated 2013 Mar 15; cited 2024 Aug 12] Available from:
http://www.buildcomputers.net/power-consumption-of-pc-components.html

[16] Barroso LA, Holzle U. The case for energy-proportional computing. Computer 2007;
40(12):33-7.

[17] Lang W, Kandhan R, Patel JM. Rethinking query processing for energy efficiency:
Slowing down to win the race. IEEE Data Engineering Bulletin 2011:34:12-23.

[18] Economou D, Rivoire S, Kozyrakis C, Ranganathan P. Full-system power analysis and
modeling for server environments. In: Eeckhout, Lieven, and J. YI, editors. Proceedings
of the Second Annual Workshop on Modeling, Benchmarking and Simulation (MoBS)
Held in Conjunction with the 33rd Annual International Symposium on Computer
Architecture (ISCA-33); 2006 Jun 17-21; Boston, MA. Piscataway, USA: IEEE; 2006. p. 70-7.

[19] Arenas M, Gutierrez C, Pérez J. Foundations of RDF databases. Heidelberg, Germany:
Springer; 2009.

[20] Wylot M, Hauswirth M, Cudré-Mauroux P, Sakr S. RDF data storage and query
processing schemes: A survey. ACM Computing Surveys (CSUR) 2018;51(4):84.

[21] Bizer C, Schultz A. Benchmarking the performance of storage systems that expose

SPARQL endpoints. Proceeding of 4 th International Workshop on Scalable Semantic
Web Knowledge Base Systems (SSWS); 2008 Oct 21; Karlsruhe, Germany. CEUR,;
2008. p. 39.

Faculty of Engineering, Kasem Bundit University Research Article




3ronssuAsinuUUru7a OR 14 alun 2 wOuNIAU-AVKHIAY 2567 ]53

[22] Broekstra J, Kampman A, Van Harmelen F. Sesame: A generic architecture for storing
and querying RDF and RDF schema. Proceeding of the Semantic Web-ISWC 2002:
First International Semantic Web Conference; 2002 June 9-12; Sardinia, Italy.
Heidelberg, Germany: Springer; 2002. p. 54-68.

[23] Nacional T, Niinimaki M, Heikkurinen M. RDF Databases - Case Study and Performance
Evaluation. MATTER: International Journal of Science and Technology 2019;5(3):1-14.

[24] Hernandez D, Hogan A, Krétzsch M. Reifying RDF: What works well with Wikidata?
Proceedings of the 11th International Workshop on Scalable Semantic Web Knowledge
Base Systems; 2015 Oct 11; 2015; Bethlehem, USA. p. 32-47.

[25] Shakhovska N, Veres O, Bolubash Y, Bychkovska L. Big data information technology
and data space architecture. Sensors & Transducers 2015;195:69-76.

[26] Kambatla K, Pathak A, Pucha H. Towards optimizing hadoop provisioning in the cloud.
Proceedings of the 2009 conference on Hot topics in cloud computing (HotCloud'09);
2009 Jun 15; San Diego, USA. USA: USENIX Association; 2009. Article 22.

[27] Schatzle A, Przyjaciel-Zablocki M, Neu A, and Lausen G. Sempala: Interactive SPARQL
query processing on Hadoop. The Semantic Web—ISWC 2014: 13th International
Semantic Web Conference; 2014 Oct 19-23; Riva del Garda, ltaly. Heidelberg,
Germany: Springer; 2014. p. 164-179.

[28] Kawises J and Vatanawood W. A development of RDF data transfer and query on Hadoop
Framework. 2016 IEEE/ACIS 15th International Conference on Computer and Information
Science (ICIS); 2016 June 26-29, Okayama, Japan. Piscataway, USA: IEEE; 2016. p. 1-4.

[29] Husain MF, Doshi P, Khan L, Thuraisingham BM. Storage and retrieval of large RDF
graph using Hadoop and MapReduce. In: Jaatun MG, Zhao G, Rong C, editors,
Proceeding of the first International Conference (CloudCom 2009); Beijing, China, 2009
December 1-4. Lecture Notes in Computer Science 2009 (5931):680-86.

[30] Niinimaki M, Niemi T, Thanisch P. Dataspace management with ETL and RDF support.
Naresuan University Journal: Science and Technology (NUJST) 2020;28:36-49.

[31] Poess M, Nambiar RO, Vaid K, Stephens Jr JM, Huppler K, Haines E. Energy
benchmarks: a detailed analysis. Proceedings of the 1st International Conference on
Energy-Efficient Computing and Networking; 2010 Apr 13-15; Passau, Germany. New
York, USA: ACM; 2010. p. 131-40.

UnA2IUI9Y ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




]54 Kasem Bundit Engineering Journal Vol.14 No.2 May-August 2024

(32]

(33]

(34]

(3]

(36]

(37]

(38]

Tsirogiannis D, Harizopoulos S, Shah MA. Analyzing the energy efficiency of a database
server. Proceeding of the 2010 ACM SIGMOD International Conference on Management
of data; 2010 Jun 6-11; Indianapolis, USA. New York, USA: ACM; 2010. p. 231-42.
Niinimaki M, Abaunza F, Niemi T, Thanisch P, Kommeri J. Energy-efficient query
processing in a combined database and web service environment. Green Computing
Strategies for Competitive Advantage and Business Sustainability. Pennsylvania, USA:
IGI Global; 2018. p. 62-88

Hasemann H, Kréller A, and Pagel M. RDF Provisioning for the Internet of Things.
Proceeding of the 3rd IEEE International Conference on the Internet of Things; 2012
Oct 24-26; Wuxi, China. Piscataway, USA: IEEE; 2012 p. 143-50.

Prud’hommeaux E, Carothers G. Turtle - Terse RDF triple language. [Internet] The
World Wide Web Consortium [updated 2015 Feb 25; cited 2024 Aug 12] Available from:
https://www.w3.org/TR/turtle

Flood J. Porteus Linux. [Intenet] Porteus [updated 2023 Oct 4; cited 2024 Aug 12].
Available at: http://porteus.org

Wu K, Arpaci-Dusseau A, Arpaci-Dusseau R, Sen R, Park K. Exploiting Intel Optane
SSD for Microsoft SQL server. In: 15th International Workshop on Data Management
on New Hardware; 2019 July 1; Amsterdam, Netherlands. New York, USA: ACM; 2019.
Article 15.

Frey J, Meyer LP, Arndt N, Brei F, Bulert K. Benchmarking the abilities of large language
models for RDF knowledge graph creation and comprehension: How well do LLMs
speak Turtle. Proceeding of the ISWC 2023 Workshop on Deep Learning for Knowledge
Graphs; 2023 Nov 6-7; Athens, Greece. CEUR; 2023.

Author’s Profile

Mr. Marko Niinimaki gained his Ph.D. in computer science at the

University of Tampere, Finland. He has worked as a researcher at

ot CERN, and lectured computer science in many universities in Europe
,jw and Asia. His special interests are databases and data management.

- He currently works at Chulalongkorn University School of Integrated

Innovation.

Faculty of Engineering, Kasem Bundit University Research Article




3ronssuarsinuuUrua OR 14 aUUR 2 wOuNIAU-AVKIAL 2567 ]55

Mr. Kitichai Chanyalikit gained his M.Sc. at the Assumption University
of Bangkok. He shares his time between Chulalongkorn University

and his web consultancy business.

Ms. Atamfon Udofia is currently a 3rd year student of the Chulalongkorn
School of Integrated Innovation. She is an enthusiast of Artificial

Intelligence and Machine Learning with 3 years of pre-medical studies

at the University of Benin, Benin City, Nigeria.

Article History:

Received: August 22, 2023
Revised: August 13, 2024
Accepted: August 21, 2024

UnA2IUI9Y ACU:IAINSSUANAQS UHI3NYIAYINBUULIAQ




]55 Kasem Bundit Engineering Journal Vol.14 No.2 May-August 2024

n3lslasergdszandisazialuvndensiimasgaie
gasndaudasliirszuudmirglnanzluandnduazlvantnn
USING ARTIFICIAL NEURAL NETWORKS TO ANALYZE POWER
LOSSES OF DISTRIBUTION TRANSFORMER UNDER NORMAL LOAD
AND OVERLOAD CONDITIONS

U4 Fowan’ audng AslUTanuwr uas winal (NTTasy’
1297197380, 81213 37136N T30 IR ATk AAINIINARAS NRIINLIRELaLT AL
19/1 DUWNTINBA LYARUBILVY NTINNURIUAT 10160,
"tdlert@hotmail.com, “somsaks@sau.ac.th
SndAnw, 133NN i asdmnssumaas uvInenasiaBuanaug
19/1 DUBLNTINEY LVARUBILVY NPNAURIUAT 10160, petchjarern@gmail.com

Boonlert Suechoey1 Somsak Siriporananonz* and Narut Petchjarern3
| ecturer, Department of Electrical Engineering, Faculty of Engineering,
Southeast Asia University, 19/1 Phetkasem Road, Nongkhaem, Bangkok, 10160, Thailand,
"tdlert@hotmail.com, “somsaks@sau.ac.th
*Student, Department of Electrical Engineering, Faculty of Engineering,
Southeast Asia University, 19/1 Phetkasem Road, Nongkhaem, Bangkok, 10160, Thailand,

petchjarern@gmail.com

unaaga

av X, a o o a o
unamaItpidiauemyiianziiasgadslundoutaslnin 3 e auia 100 kVA 22kv
400/230 V filgawluszuuinieg luanigluandnd uazluaaiiu laslfinafialaseineg
Uszannifisn sansndenzdhasguiislundaudasidisini waldamudiivesniing
o g o g A v ' a 6 1 v a
dwrmmdriasgyiFslundaudaslnin lasdrwindiaeideg ldunannsnasaui
lasnugniandaudas nazusnldnasouasud 1%-140% Ngmnnil 35°C, 45°C, 55°C,
65°C waz 75°C uithandwiamdiasgyidolundaudas S5 wautaya 70,000 70 lae

o o | 3 P 1 = A 1 a 6 1

wondmiuidudayanltludnseulassdsdzamifion tNanidiwindinaione g vas

Tassansdseanifiay $143% 56,000 70 LLa:LﬂmTaQaSuvg@maaiﬂsaﬂjﬁyﬂsxawwLﬁﬁu k)

Faculty of Engineering, Kasem Bundit University Research Article




3ronssuAsinuUUru7a OR 14 alun 2 wOuNIAU-AVKHIAY 2567 ]5/

wisiasgyiFolundauwdasvaslasstisdszamifion $1uu 14,000 70 nuusi
= = 1 o a a v tﬁl v [ = et 1 lﬂ‘ o
maSoufisudriasgydslundaudasildanlassiodseanifiouinafisiuwamann
A v A ' 6 = 6 a L a 1 o A,
nmnaseuilssnugnio dudefidudanufanaalaiin 1.06 agluszauiiinela uas
sanIninainaananlulsluniseenuuunasendiasgmidane Wi lundaudasle
luauwiaa

s

ardan: lasshsdszanifioy, ndaudasimine, gunndl, asgmFslundaudas

ABSTRACT

This research paper presents power loss analysis in a 3-phase distribution transformer of
100 kVA 22 kV-400/230 V in normal load and overload conditions using a neural network
technique. This method can analyze power loss in the transformer quicker and use fewer
variables than the power loss calculation using various parameters obtained from transformer
manufacturers. Seventy thousand sets of current tests ranging from 1%-140% at
temperatures of 35°C, 45°C, 55°C, 65°C and 75°C were experimentally measured, then
power losses are calculated. Fifty-six thousand sets of those were used for training of the
neural network to find the parameters and the other 14,000 sets were used for the input data
to find power losses. In addition, the power losses obtained from the artificial neural network
were compared with calculated power losses by using parameters from transformer
manufacturers. The error percentage value no more than 1.06 was at a satisfactory level
suggestingthat this method can be applied in the designing of electrical power loss test for
transformers in the future.

KEYWORDS: Atrtificial neural network, Distribution transformer, Temperature, Power losses

1. uni
‘ﬁfl'aLLﬂadeWWWﬁlﬂuizuuﬁﬁ%ﬂﬁf;lLﬂuqﬂﬂitﬁ‘ﬁlﬁﬂﬂwﬁ’]ﬂ”ty&l”mﬁﬂﬂﬁmﬁmN"m
WA w s nsaanuuulaznsnAandaulad IniszuudininglWindeaduldan
waTgIwitinuaseIn sl ’LumsﬁnmumamﬁaLLﬂaaVLWWW:ﬁmmgmuL?mﬁl,ﬁ@“fu
ludandfautas Sondrdaslwdrguifis (Power Losses) %aﬂsznamﬁ’wmsgryl,ﬁﬂ
ANUNWLAAN (Core Losses) LLa:migtyLﬁﬂmﬂwm@mmm (Copper Losses) [1, 2] G'fid
Usznaudisnany g MLy 15U U3dh, NI2UF, ANEUNIW, 9annll, N1zl uas

ATNINDD320870 lunsdrwismidiias IWdhgFelundaudas daaugionuaz
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Fudan Annadesninansznuiiiaanmaasuudasniszne i luss oy iniuess
a9 [1, 2] AMNIWIALVI Souza et al [1] 'ﬁnLauanﬁiﬂszqﬂ@"lﬂmmhﬂﬂi:m‘ﬂ
Lﬁwslumii:q@hmmgzyLﬁ&lma"l,Wﬁ’mamﬁaLLﬂm 1 W& 1@ 75 kVA lagniitlanen
wUIFIRILNITEIUIN 6 Aauls ‘ﬁ'qmﬁgﬁ 30°C, 35°C WAz 40°C Wnuuuinaadlasanne
Uszanifisy vhldaaanugioinuazaaanududausainmdiwiuad didasidudany
HANWAIA 1.22% 3TNITWIILVDY Suttisinthong and Pothisarn [3] ﬁ’]Lauaﬂ’liﬂizﬂqmﬂf
lavsodszamifisulunsrzydenugyiionisiniivesniaudas 1 1Wa 30 kVA lag
naauandIfIMIuNIIEIwIL 3 dauls ﬁ'qmmj“ﬁ 35°C, 45°C Wag 55°C [NUUUIN8DY
lassnadszaniisw ﬁﬂﬁmmsaa@mwsjazrmLLazm'}mﬁJ%ﬂumaamsﬁ'}mumvlﬁ uazdl
AndasituanuAana1a 1.2% waza1ndINwI8ay Basheer and Hajmeer [4] 11L& %e
nslilassiodszamnidsudummadsnadnangalunmsmenmdsgyidsluunwman
yoandautlaslwihdaldlaseinadszamiitsnisuuudeulddrswinnansds (Feed-forward
multilayer perceptron. MLP)
’Luuwmmﬁa‘i’mﬁﬁnLauamiﬂswﬁnmﬂﬂmamUﬂizmmﬁmu@”wmiﬂauﬁuw ARINIL
g 4 aauds ﬁﬁaaqmmgﬁl“ﬁmmamﬁauﬂm 35°C, 45°C, 55°C, 65°C uae 75°C 1
namdiagislundoudasdiming 3 s Tanvnnsansndaudafifiia 100 kVA
22 kV-400/230 V aumnasgiuns iWihsuniinie laslslasinsdszamifsuuuuawly
ﬂlﬁdﬁﬁ’ma’m"ﬁgu (Feed-Forward Multilayer Perceptron. MLP) [4] %ammma@mwm’hmu
audsldiasnin 2 daudls (1] wasdendasidudanudanaafitasnin [3] naanuise
snInisdiansdaianagyiioluaniizlnaaln wazlnaafinlasraisanndedu

Qq/’ [ v v val a a dﬁ; t&’
FIUNIRINIDDY Elluﬂ’]i'l’]{'l LLN%ﬂ’ﬁl“H\‘i'}uﬁ ya LL‘]J@GI%&I‘]JTZ@‘YI TMNABIT

2. JagiszavAaaInsid

1) efnwwmdnnsuazitmstameisigay folundauyasiin 3 e vuna
100 KVA 22kV-400/230 V Alfauluszundiming suanasgmnslwihamugine

2) ﬁuauam‘sﬂ‘s:qﬂﬁ‘lﬁmwwUﬂi:mmﬁwﬁmmsﬂauﬁuw@1 4 aauds

Usznaudiogmnnd (T), MAIFULFLTUUNIARN (Peoe), NIZURNWAUIANIAUIIF (1),

U
a

UAZNITUANATAY (Irey) NQIURNI 35°C, 45°C, 55°C, 65°C Uz 75°C lumamdnraageyiie

u“

Tuniauilas

3) wanldnnnuided mslenzsdaanugyidsluannzlnaadnd uazlnae

Lﬁ%ﬁ]’]ﬂﬂ’]ivlﬂsl,’ﬁ’\‘l']%ﬁ]%\i LAZRINNTDT? Ell%ﬂ’]i’l’]\‘] LLN%ﬂ’]{L’ﬁ’\‘l'}%% ol ﬂdlﬁﬁﬂizﬁﬂ ER

a &
NNINEY
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3. ADaBunsIY
31 WANNIINLNEITDY
341 masgandanieliilundouilas (Power Losses)

a

ArmasgaFonaliilunidoudas dsznaudas drasgayiFoluunuinin (Core

o
]

Losses) LLa:mwgfyLﬁﬂum@m@maLma (Copper Losses) AIFUNIN 1 [1, 3, 5]

Pr = Poore * Pcu (1)

(% o

agFsTInludnioulad (W), Pey, Ao mssgniFoluunuindn

e U

an
(W), Pe, A8 M agmnﬁﬂwnmmmauma (W)

3.1.2 masgadsluunwman

nMnagauldai9as @Tagﬂ‘ﬁ' 1(n) Lﬂumi‘n@aauLﬁammm’quyLﬁﬂ%LLﬂ%L%&ﬂ
@?hgtgLﬁﬂluLLﬂuL%SﬂﬁwaLﬁaamﬂmmgtyl,ﬁmﬁmma’%%a (Hysteresis Loss) WazANAgaL&e
\ila9annszualnain (Eddy-current Loss) Lm:@hmmgryLﬁﬂﬁlLﬁﬂ“’fuslul,mumﬁn%ﬁ@hmﬁ
lunng anzaasnnizmilni GIFNMIT 2 [1-3]

Peoe = Py + Pe )

Core

lavfl P, Ao anugwiFoandainaida (W), P Ao anagyiionnnazualnain (W)

- augFoEaLaaiTa (Hysteresis loss) a9aun131 3 [6]
-f 3)
A A o a af o A = A ' Y ' &
laofl K fin audszAnfasisgfinanluunuindn, B Aaanaummiuiumiduusuaingn
g9g@ (T), f A2 Ad (Hz)

- amagiennIzua eI (Eddy-current loss) AIgNNIT 4 [6]

P. =K, -f-B”-D*-10° (4)
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A A : A A = a A
I(ﬂﬂ"ﬂ K. a8 ﬂqﬂﬂﬂﬂizuﬁ‘l‘ﬂﬂ?u, d A9 ANMUABIVBILNWLAINRINLUG (mm), B A

. @ L ® A a
ﬂ’.nll'ﬁuﬂLLuuLauLLiﬂLLNL%aﬂgdﬁi@ (T) Lay f a8 A2UN (HZ)

313 m‘sgtytﬁﬂmnmmmmnaaum
o o P | A 1 A
NINARDLANIIAT @NE‘]_]‘YI 1(v) Lﬂuﬂ?iﬂﬂﬁﬂULWﬂﬂﬁﬂﬁﬂﬁﬁﬁJg@,Lﬁﬁllu“ﬂ(ﬂﬂ'}(ﬂ
NBILAILABAAIIIINIIAIUUIIAN (Low voltage side) LAZTNUUITIAUNIIAIHUTIFS (High

voltage side) I ldauAnanszuaduussgem ldasaunsi 5 (6, 7]

2 2
Pou = 31y Ry i) + Ry ()

lagf Ry ABAMUFAIUNIBUARIAUTIFY, |y AD NITUAN I IBUARIAUTIFY,

Ry A8 ANUMUMBTARIALIIGT LA |y AD NITUENNEIULARIALIIGN

Transformer Transformer
° P Io 3 phase
- ° 2 ped— - ° I—1{eC ne
Supply ol | varise o Io Watt | ___lgh el Supply o | varae o Io Watt N ce
3Iphase 3 phase Io - I PO 3Iphase 3 phse Io ;":I"' be
3phase phase
*— o en Cet— o~ — ° —teA  ae

Low Voltage Side _ High Voltage Side iligh Voltage Side __Low Voltage Side

(n) MInagaulilalgas (W) MINATDUANIDT

s 1 mnadaundaudasiin

'
a

MyaaNudwnwuasrasantanlad Wi lagldaIasiannudwnw aa3in 2

U

c b c
AN
]
a

(N) ATBUIIATEI (7) AIBUIIAWAN

A

e/

—
B [

::' o [y o & [y
Eﬂ‘n 2  NFIAAMANMNATWNIBNTIVaIKN LU a9
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namdrmas Wi guiRslusealanasuasngunn dlaudne 9 azdasrinimm
danudunmufigunndlinuniu 9 lasdranudunusssimyiaduduazigunnd

WinAugmrnduaasoy mmméﬁumumuqm‘vmuﬁﬁl"ﬁmummnm"l,@i”@”ammﬁﬁ 6 [8-10]

235+ 0,
Re=Ra 235+ 0 ®)

a

A A o A o A o A
lasdi R o m’mmumuwmmqmﬂgﬂmm (0,), R, 1D ANNANUNIUIARIAN
AWRNAWINRDY (0, )
9 U

3.1.4 Taseznsyszanifiaa (Artificial Neural Networks)

nnnsdnsinlasadnedszanidiog [4, 6, 11-14] wiisegyiFanig Wil
wilautlas wuinlassinedszanmidsuuuudawludranina e (Feed-forward multilayer
perceptron. MLP) twanzriunadinaunldmidriasgyidoma i lundaudas dausaslu
gﬂ'ﬁ' 3

Input Log-Sigmoid Layer Linear Layer
11‘11__1 2 HII.L all 11'3111
I n? al
p + : > A—>
s aly h?
Wiy Z >|£ W ll
Iz
1
— —

s 3 Tassdhedszamifisawuutenllanewin [11]

n3U7 3 Bunwn p anamean dshwindszan (Weight) w landluda (Bias) b 38
aaida (Offset) iuBndunnnfdniminasiiniy 1 lasBunnnanuagniin (Sum)
v 6 £ a ' “E A 5 Il a 6 o (2 A
ldionviwndu n dnazdendy “dadunn (Net Input)y” azdudunnvasfaritunszdu wia
Waridutinalan (Activation Function) %38 (Transfer Function) f uazazldianvinnaasiiazen

A o A
B a AIRNNIIN 7
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a=f(wp+b) (7)

a A [3 A 4 a A & o ' A a
lasf a Ao LOINWN, whB Wnnndszann, fae Wansuanalaw, p Ae DUNT Uae

b @a luas

3.1.5 msilszgnalrewlasetnadszamnifios

[ a

Awnfitaasans 9 nldlunsdwiamdrissguiionmaindlundaudas laud

q @
a

gownnd (1), MasgaiFslunnundn (P, Masguidsluzaaia (Pe,), Anudunu
PANAGUUTIAUFI (Ry), ANNAIUNTHUTABIATIRLIIAHGT (RLy), NTZUENTIULARIA
WIS (), NITUENIAIHVARIAUTIF (ILy) LRNITZUENATOU (I7eg)

IINENNIN 5 mﬁﬁé'a@tyl,ﬁﬂluwm@ (Pcu) ii'ruagjiﬁ'ummmaﬁ"lmmuwmm
LRZAMNEIUNIHTBITARIN FIATUNIZUENIIGIRIARIAUTIA (ILy) fnadainasgaLae
Iuwmw’mﬁq@ Lﬁaamﬂﬁ@hm:LLagaﬂ'jwnszLLaV]’m@T’lum@a’mu:sa;go (I) NN WA
nanmnasauiIvuiisunslautoyadun AITAININITUENEIUVARIAUTIE (1) TU
NITUFNWAUVANIAUTIF () M3 aUNTLUENIRIHIARIALTIEN (L) e asiiud
mwﬁ@wm@@“ﬁndnmmamaﬁmmmmmga(lw)

MNIUBBI Souza et al [1] TumamdrirasgaiFonalnilundaudasludy 14
6 duisisznauedie gunnd (T), mw11ﬁmmumm@ﬁﬁmmﬁugaLLa:Lm@Tu@iw (Ryy WA
Ry, MasgatFoluunuindn (Peye ), MAIQIFE20320820N83U04 (Pgy), WRTNIZUA
NAROY (Iros)

mu’jﬁ'gﬁaﬂfﬁuwm 4 qautly Usznausisamnnd (T), ﬁ”né'aqzyl,ﬁﬂlw,l,ﬂumﬁﬂ
(Poo), NTZUENEIUTARIAUTIE (ILy), WRSNIZUENATAL (Irog) Lﬂuﬁagaﬂawﬂﬂmmm
Uszanninew

lagarnisliaaiand 9 "l@i”mmﬂmi'ﬂ@aau%ﬁaLLUaaﬁu%ﬁwaam CRLTEIN
100 1r309 1FnszuainameuaLd 1%-140% shandmimiigmadl 35°C, 45°C, 55°C, 65°C
uaz 75°C udhandwismdriagaielundaudas aansausndayasanlddiiuim
70,000 7 I@ﬂLL'}J@&W%’ULﬂuﬁagaﬁslm“’luﬁnaauimwﬂﬂﬂs:mmﬁw e iaas
@19 9 vaslasneszamiiion §1wan 80 LA3a4 (56,000 79) F9013197 1 waztdudaya
Suvgmaﬂmmhﬂﬂizmmﬁw Lﬁiam@hﬁﬁé'aggtyLﬁmluﬁﬁaLLﬂaamaﬂmmjwﬂszmmﬁw
§1UI% 20 LATE4 (14,000 79) mnifuﬁﬂmsm%'ﬂuLﬁmumﬁwé'agzyLﬁﬂlu%ﬁmmmmﬁmn

\ a a a o 4 do o A ! ¢ = &
Imw’mﬂiza’mmw L‘.L]iﬂl‘.UL‘YIEl'i.lﬂ‘l.lﬂ']‘ﬂﬂ']%'lm’ﬂ?ﬂﬂ']i']@l%Iiﬁd']u LWFJ'VY]@]']L‘]JFJ?L%%@]
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A [ A ' a
@139 1 Payadnlslunisseulassdnadszamiian

. Irest Iy Pcore | Temp Py N Irest Iy Pcore | Temp Pt
(0] (o]
(%) | (A) (W) (°C) (W) (%) (A) (W) (°C) (W)
1 1 1.44 240.2 35 240.3 33601 1 1.44 240.2 65 240.3

2.89 | 240.2 35 240.7 33602 2.89 | 240.2 65 240.8

AW [N

2 2
3 433 | 240.2 35 2413 33603 | 3 433 | 240.2 65 241.5
4 4

577 | 240.2 35 2422 33604 577 | 240.2 65 2425

5 5 7.22 | 240.2 35 243.4 33605 | 5 7.22 | 240.2 65 243.7

136 | 136 | 196.30 | 240.2 35 |2602.1 33736 | 136 | 196.30 | 240.2 65 | 2864.5

137 | 137 [ 197.74 | 240.2 35 |2637.0 33737 | 137 | 197.74 | 240.2 65 | 2903.3

138 | 138 | 199.19 | 240.2 35 [26721 33738 | 138 | 199.19 | 240.2 65 | 29423

139 | 139 | 200.63 | 240.2 35 |2707.5 33739 | 139 | 200.63 | 240.2 65 | 29816

140 | 140 | 202.07 | 240.2 35 [ 27431 33740 | 140 | 202.07 | 240.2 65 3021.2

11201 | 1 1.44 | 240.2 45 240.3 55861 1 1.44 | 240.2 75 240.3

11202 | 2 2.89 | 240.2 45 240.7 556862 | 2 2.89 | 240.2 75 240.8
11203 | 3 433 | 240.2 45 241.4 55863 | 3 433 | 240.2 75 241.5
11204 | 4 5.77 | 240.2 45 242.3 55864 | 4 5.77 | 240.2 75 242.5
11205| 5 7.22 | 240.2 45 243.5 55865 | 5 7.22 | 240.2 75 243.9
11336 | 136 | 196.30 | 240.2 45 |2689.6 55866 | 6 8.66 | 240.2 75 245.5
11337 | 137 | 197.74 | 240.2 45 | 2725.7 55867 | 7 10.10 | 240.2 75 2474
11338 | 138 | 199.19 | 240.2 45 12762.1 55868 | 8 11.55 | 240.2 75 249.6
11339 | 139 [ 200.63 | 240.2 45 | 2798.8 55869 | 9 12.99 | 240.2 75 252.0
11340 | 140 | 202.07 | 240.2 45 |2835.8 55870 | 10 | 14.43 | 240.2 75 254.8

22401 | 1 1.44 | 240.2 55 240.3 55991 | 131 | 189.08 | 240.2 75 2750.4

22402 | 2 2.89 | 240.2 55 240.7 55992 | 132 | 190.53 | 240.2 75 2788.8
22403 | 3 433 | 240.2 55 241.4 55993 | 133 | 191.97 | 240.2 75 2827.6
22404 | 4 5.77 | 240.2 55 242.4 55994 | 134 | 193.41 | 240.2 75 2866.7

22405 | 5 7.22 | 240.2 55 243.6 55995 | 135 | 194.86 | 240.2 75 | 2906.0

22536 | 136 | 196.30 | 240.2 55 | 27771 55996 | 136 | 196.3 | 240.2 75 | 29456

22537 | 137 | 197.74 | 240.2 55 [2814.5 55997 | 137 | 197.74 | 240.2 75 2985.6

22538 | 138 | 199.19 | 240.2 55 |2852.2 55998 | 138 | 199.19 | 240.2 75 | 3025.8

22539 | 139 | 200.63 | 240.2 55 [2890.2 55999 | 139 | 200.63 | 240.2 75 | 3066.3

22540 | 140 | 202.07 | 240.2 55 [2928.5 56000 | 140 | 202.07 | 240.2 75 3107.1
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naen 1 dudayanldunannimaseundaudainuisnguia dnnviinig
Ansaurililaunudrneslassdrndszamniiion Suna 4 lnua Tudawu (Hidden Layer)
4 1nua loWaridudnleuufandnuasd (Log-sigmoid) uazTuLa1dWa (Output Layer)

1 Inua leWarigumslowdudifiniwaritu (Linear) uaasasguf 4

Input Layer Hidden Layer ~ Output Layer

Threshold

3N 4 wuUIIaastassTglsramnines UUUBWNA 4 s

AN ILA8T NITUANAROUNIUBSITURANI G (Ires) NITURAIBUIIAUA (1) BIRY

FLRBVDIUNULAEN (Poore) @mnnAvainsiaudauazdnludy (Bias) luudazluavas

ETRE

wuusaaslassnayszaniiion LLUTIJS‘IAV!G] 4 9Ly URAIAIANTIN 2

a9 2 nsuUsuilyslasenalszainifias (Improved Neural Network)

Hidden 1

Node 1 (Sigmoid)

Node 2 (Sigmoid)

Node 3 (Sigmoid)

Node 4 (Sigmoid)

lreet (%): -2.792

ITest (%) ‘1 514

ITest (%): ‘0388

ITest (%): '0052

Iy (A): -2.743 Iy (A): -1.396 Iy (A): -0.414 Iy (A): -1.034
Pcore (W): 0.041 Pcore (W): -0.004 Pcore (W): -0.049 Pcore (W): -0.001
Temp: -0.242 Temp: -0.257 Temp: 0.887 Temp: -0.086
Bias: -6.109 Bias: 3.548 Bias: -1.023 Bias: 0.640
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@1319M 2 mssudyelasedngilszamifiaa (Improved Neural Network) (6i9)

Output

Regression (Linear)

Node 1: 0.153

Node 2: -1.960

Node 3: -0.086

Node 4: -1.606

Threshold: 2.449

4. Han138

ﬁagamnmsmaam%wamﬁauﬂaa"lﬂﬁw 3 W& 2w1@ 100 KVA 22KV-400/230 V #ile
Nuluszuuiiming wadti lddunsingen aziduwuudiasslassineUssaniioy uas
Fansdsziduuuusisendsouifisununaninasadudesidudarnuianaia a1n
mnﬂ%‘mmﬁamﬁ”@gaﬁwmu 20 1A304 (14,000 70) Iqesa13797 3 lapuaasenanmIsiass
Prediction (Py) fiudniialdass Py (W) SerAanaefisuiduiafifud eror (%) ﬁqm%gﬁ
@19 9 Temp (°C) UazNIUENAFAUTUSITURANIY Irog (%)

[

A ¢ & & a 1o )
A13199 3 wlasigueaalnuranatavasanasaatdalunaonilas

U

ITest Pt Prediction | error | Temp ITest Pt Prediction | error | Temp
e (%) | (W) (Pr) (%) | (°C) e (%) | (W) (Pr) (%) | (°C)
1 1 |238.93 | 239.09 | 0.07 35 2801 | 1 | 23893 | 23963 | 029 | 45
2 2 | 239.31 | 239.57 | 0.11 35 2802 | 2 | 239.33 | 240.16 | 035 | 45
3 3 | 23996 | 240.28 | 0.13 35 2803 | 3 | 240.00 | 24091 | 038 | 45
4 4 | 24086 | 241.22 | 0.15 35 2804 | 4 | 24093 | 24190 | 040 | 45
5 5 | 242.02 | 24241 | 0.16 35 2805 | 5 | 24213 | 243.13 | 0.41 45
136 | 136 |2617.44| 2600.71 |-0.64 | 35 2936 | 136 |2705.54 | 2686.18 |-0.72| 45
137 | 137 |2652.55| 2635.90 |-0.63 | 35 2937 | 137 |2741.94| 272250 |[-0.71| 45
138 | 138 |2687.91| 2671.34 |-0.62| 35 2938 | 138 |2778.62| 2759.05 | -0.70 | 45
139 | 139 |2723.53| 2707.03 |-0.61| 35 2939 | 139 (2815.56 | 2795.81 |[-0.70 | 45
140 | 140 |2759.42| 274295 |-0.60| 35 2940 | 140 |2852.77 | 2832.78 | -0.70 | 45
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a

P> f & ¢ a 1 o g 1
M19°9N 3 L‘.I.IﬂiL‘ﬁ%G\ﬂ']']&lNﬂWa']ﬂ‘llﬁ)\‘lﬂ']ﬂ']a\‘lfgjiylﬂﬂsl%‘lﬂ&lallﬂaﬂ (a12)

o lTest Pt Prediction | error | Temp o, lest Pt Prediction | error | Temp

(%) | (W) (Pr) (%) | (°C) (%) | (W) (Pr) (%) | (°C)
5601 1 | 238.94 | 238.94 | 0.00 55 8536 | 136 |2881.73| 2862.49 |-0.67| 65
5602 | 2 | 239.35| 23952 | 0.07 | 55 8537 | 137 |2920.74 | 2900.80 |-0.68| 65
5603 | 3 | 240.04 | 240.32 | 0.12 55 8538 | 138 [2960.04 | 2939.25 | -0.70 | 65
5604 | 4 | 241.01 | 24135 | 0.14 55 8539 | 139 (2999.62 | 2977.83 | -0.73| 65
5605 | 5 | 24225 | 24262 | 0.15| 55 8540 | 140 |3039.48 | 3016.52 | -0.76 | 65
5736 | 136 |2793.63| 2773.68 | -0.71| 55 13861 | 1 | 240.15 | 23955 |-0.25| 75
5737 | 137 |2831.34| 2811.05 [ -0.72| 55 13862 | 2 | 240.59 | 240.24 |-0.14| 75
5738 | 138 |2869.33 | 2848.61 [-0.72| 55 13863 | 3 | 24132 | 24112 |-0.08| 75
5739 | 139 |2907.59| 2886.35 | -0.73| 55 13864 | 4 | 242.34 | 24221 |-0.06| 75
5740 | 140 |2946.13 | 2924.25 | -0.74| 55 13865| 5 | 243.66 | 243.51 |-0.06| 75
8401 1 | 238.94 | 238.05 |-0.38| 65 13996 | 136 |2950.08 | 2951.70 | 0.05 | 75
8402 | 2 | 239.37 | 238,68 [-0.29| 65 13997 | 137 |2990.08 | 2990.78 | 0.02 75
8403 | 3 | 240.09 | 239.53 [-0.23| 65 13998 | 138 | 3030.37 | 3029.94 |-0.01| 75
8404 | 4 | 241.09 | 24059 [-0.20| 65 13999 | 139 | 3070.96 | 3069.18 |-0.06 | 75
8405 | 5 | 24237 | 24189 [-0.20| 65 14000 | 140 | 3111.84| 3108.46 |-0.11| 75
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