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Effect of Using Sacha Inchi Pressed-Cake as a Substitute for Almond
Powder on the Quality of Macaron Shell Product
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Abstract

This research aimed to study the suitable content of sacha inchi pressed-cake instead of using
almond powder in macaron shells. They were substituted in flour different levels; 0%, 40%, 60%,
and 80% by almond powder weight. The results showed that sacha inchi press-cake was substituted
for almond powder at 60% with a moderate score for all measured sensory traits. The L* value and
moisture were decreased (p<0.05) but the a* value trend was increased (p<0.05) with a higher amount
of sacha inchi pressed-cake. The fracturability, b* value, and water activity (a,) values were not
significantly different (p>0.05). The content of ash, crude fiber, protein, nine essential amino acids
(Histidine, Isoleucine, Leucine, Lysine, Methionine, Phenylalanine, Threonine, Valine, and Tryptophan),
and five non-essential amino acids (Arginine, Glycine, Proline, Serine, and Tyrosine) were increased
about one time. Moreover, the cost of macaron shell with Sacha Inchi pressed-cake weighing 3 grams

was approximately 1.3 baht per piece.

Keywords : Macaron Shell Product; Sacha Inchi Pressed-Cake; Almond Powder; Amino Acid
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NN N uaﬁmaiﬂﬂ’] a* NLLU?IUNL‘W UYUBY U

'
Pl

HodAyv1eaia (p<0.05) Tuveiian L* duunlty
anavoy 19l oA yn19ada (p<0.05) Lilw

Wiguiiguiugnsaiugu (M99 2) newin s

HN11n15997 HUSUNINE 1A uANd anwe

v
Y =

Usnguesdituualiiidudusasiiildangud 1
Tnefidnwazidudiima wedn1siinduinialy
wAnSneinsesiuinaunnnsiuasen
yasimadaagiunsaeriluiiilunindiniduan
deldsuanudeusinniseu iunaliiAnufAzen
doudes Aoifnarsduinnaiisondn UfAsen
Wwaansm (Mallard Reaction) [9] 31nWan1snaaadl
ANUARIEAZINUAUNITANYIY8S S. Manisa et al.
[10] wuinnsldnindasausudJunaunudaueus
Yulunandueiunnisesdinalitdn L* anag A1 a* i

aa

ANANTUDE NN Tud AR N9ENA (p<0.05) dauan

af
b* fiAunns1seensludduddsy

N19@0# (p>0.05)
ArsunansIns v leduNavaNand et 1u1nn

[

$9991001N8 20178 UA1 NU31 Ll anaunudasa
wousUusienindanadunluliuadii uiy
danaliAnaunds vemanfsiunnsesia 3 ans
fuunlduiatuegraiveddameadn (p<0.05)
ewisurugnsmuny (5197 2) Tnedianeuunds
AndiAety seenadunamnannysunalesiuly
andanBunfidtesniidasateusvy Tnsund
TusfufinulutngAvemsiauauifvaeiliiide
Fuiavesndnsusiormsianuyndu nisd
HARSuITHILIN158991n NN IAIB AT US I
lagudeanininlilaseasreneludainiziunuy
Wi [11] UsneufunusBinadeenmsluninds
AduAluUsuMEs andulseneuvesaglad
AfinnsdaBusiatnuuuiefuLas L@
Su Sohlvilassadefinoudnudause (9] Wunals
ARSI msestinuuafiuty Feaenndes
AU9UIT8V09 S.C. Young [12] WUINNISIONILAY
pziudsnansznusonunduiedudavesinnm
soslneduanuudwenisesiaiintueenedl

WadAyM9Eaa (p<0.05) druaA1ANNTIURAT

unneseg 19l ived1Ayn19daa (p>0.05) Lile
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WAITUIIINGNwUEA1gUDNAshanslugua 1
1AELANILINNLATIAS 19US IR 1UT 19UBIVB U

A w 4 ~ A v % Y
NARAUINNIUINTDIY Q@Jaﬂwmgaﬂmqqﬁéﬂ uun

158171 ¥IUIN1509 (Foot) wardus il UL

suvuiiseuiiou Jadudnvaswazaunmia [1]

AN 2 AUATNNINIYANVBINEATUIIHNIINTOININAUNUAITALDUATUAIININGIATIBUM

Mn&aaIBuAT Arnuuds ANAIUNTDU And
fovaz (N) (mm)s A L* A1 a* A1 b*ns
0 (qmm'u@u) 797.52+50.95¢ 8.03.+0.02 75.69+0.782 5.56+0.02° 22.29+0.07
40 817.64+51.60° 8.13+0.05 71.64+0.56° 5.62+0.05° 22.65+0.98
60 833.15+44 57° 8.29+0.06 70.25+0.64¢ 5.77+0.18%0 22.76+0.10
80 922.31+62.00% 8.35+0.02 70.00+0.82¢ 6.56+0.022 22.95+0.27

o

NUBUA: FITNYIN I8N uiaiunuLLIng vunehs Aladeiauuandeiueg1aideddymeata (p<0.05)

o

ns MN8Ee AlRdsiauwanAseslifidudAgyniseda (0>0.05)

Seway 0 $oway 40

@

P - ettt

$p8az 60 $p8az 80

JUN 1 SNuzA8ueNAUULLAEATUTNYBIHARTUIN NN ToTINALNUN I8 AN UATUMIENINGIA1IBUAT

3.2 NaMsANEIAMNINNISUsEa AU
HAN1SANIAMAIMNNAUUTEAMNTURE
Y9aNAN T natENLINTe T NAUNUFIENINEIN1
gua lagnisnaasuniseeusuvesi uilaaly
ARUANAILANS 9 91NANT1T 3 WUIHARSUTENIN
nsesfinaunuiSaueudvusnindanaduaily
USuad i ud udswaliazuuuaiugoulunn

= v Y

9 ~ vy & X A
ﬂmaﬂwm%NLLUQIuNLWNTUW339]‘1_]3@853 40 ey

o

Fo8ay 60 UAlUINLAIAUIAZILUUAILYOUAREY
a9l dudAYN19ada (p<0.05) Weonaunulufl
g a

S¥AUS08aY 80 NINLTB991NNINANIBUANTNEY

WN1ZFIAe NAuna (Beany Odor) 3® NAUNED

(Grassy Odor) Tngnd udana1nfnainufisen
sondntuvansalutulyduiiainnisvieuves
wulwflanenddiua (Lipoxygenase) [13], [14] 3
SnwaznausenardunauiildfeUssasdidomalid
AZLUUANNYBUAAAY lngNaNISANEEDAAADINU
UAT0e B. Athip and S. Napat [3] wua1 Asla
fraamaunuisateusUulundnsusiunnisesyi
Tindusaemesanddaduusunamnn dawaly
HuslaauenANULANA1sYeINEnTnlaeg1adaLay
Uaz9IUIT8999 N. Chuaykarn et al. [5] 51897171
dleldwdasandumdunaunuddsaneusiuly

USunauiviududanalvdnausanluneusyasavinle
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Aneaeudulisousy ulilunisveassdazinnin
HIA1IDUAINNIUNTTUIUNISUUUNITUBBNLAIUN

v v

a o ¢ o o § ya a o
VW]LL‘VlquNaG]ﬂm“ﬂﬁ»hlnﬂ']ﬁaﬂ&]ﬁﬂﬂw¥tﬂllﬂauw3u5

U
4

IAa1nNISNAaRUNIaUSEANAUNE A UNER U
HNU1NN50IMINININNIBUAMANUNSEAUS DAY
40 WAYLATSPEAY 60 U ATLUUNITEBUSUNIY

Usvandudalisinaangnsaiuay (Feeaz 0) ud

v v
]

TrnUszasAlun1sidens el Aeden swaun
HanAagiunseslilin snaunulaluyIunamnn
flanlnessnalundauamilnvunisiiiutudni
gafidndruiuyuanas JeAnienndn s ugiNmIn
seagnsi 2 Aemslénndianiduaiiszduesas
60 WWAaszinmuaudiniinienInuaznnAIngg

Tnsunstutunausioly

M19199 3 AN N UTEANFUHATDINEAS TN TBTINALNUTISaNaUATEMIENINAINIBUAT

ANIA1BUA AaEnwML
fovaz F nAusH SEUR lodura anugaulngsau
0 (gmsmu@m) 7.15+0.86% 6.58+0.882 7.02+0.752 6.76+0.722 6.98+0.892
40 7.08+0.80° 6.65+0.87° 7.10+0.872 6.88+0.90° 7.04+0.94°
60 7.38+0.952 6.85+0.752 7.15+0.732 6.94+0.81°2 7.13+0.852
80 5.56+0.81° 5.01+0.99° 4.93+0.93° 5.20+0.81° 5.83+0.61P

° W

NUBLNG: MTNYINWITINGBTANAUMULLIR Mnedls Anadelanuuandiuegiitudgymeata (p<0.05)

3.3 mansAnEUSINaIANITULAzUSINA
3652 (a,,) VOIWANAUINHININITDY
dlenaunusdauousdusionindinnadu
AweInaEnfueilnsesluUsnaiiutudma
TWanuduiuwluanasegefitoddyneada
(p<0.05) (97971 4) ilesnnnudadnsiEnannises
FnaunusaenndanBualiiunszuIunITwYs
g‘tﬂmaﬂﬂﬁaﬁ’w%ﬁ'uﬁ’lﬁufmLﬂuwaiﬁﬁﬁmm
AL UYBININEINTIBUATRENINE SN e UATY
W emaunuluvsuiai i ud udunaliusuna
AT uanas @ s@enndostun1sAnwves S.C.
Young [12] WUIIATSLANKILAUAETUNALNUTUY
nanfueiuiniseadunaliruduiivualiuanas
agnaflifudfy (p<0.05) TneUSunaaugudly
AUTAMUANINTTIUNEAA WD TYUYY (WY,
118/2555) G aldiszylitwansdusinguvuneu

Uszimanimsiivsunannuruliiuiesas 7 lne

wnuin [15] M98 USunaudndase (a,,) votanse

7

H1U1N1509NNALNUNINDIAIBUANG 3 qns fan

Tiunns19iun1sad @ (p>0.05) lnedAad oot

Y
L4

Tua3 0.40 - 0.46 WHulumuuinsgiund nd s
91MsYNTUTIRRIUTIUBase LA 0.60 el

g bAdegaunsdaiunsnasyiulnauiiln

1 = v
osidele

A15199 4 AU ULASUNDATTUBINANN UL

NSRINNALNUNIDANBUAUUAILNINDIN1IDUAN

£

nMN&an1IBuAn AT Undasz"s
fouaz (%) (aw)

0 (gnImunw) 2.30+0.01° 0.42+0.07

40 1.80+0.00%° 0.41+0.02

60 1.62+0.00° 0.42+0.05

80 1.49+0.03° 0.41+0.03

NAUBLNA: HI6NYIN1I10IN BT A1 UAIULWIAS
N8 AedslnuLanAaiueg1aited 1Ay
@i (p<0.05) ns munedie Atadelinnuuanaseesll

o

HpdAgyn9ada (p>0.05)
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3.4 nan1sAne1v9AUsTNaUNNATvDINANA UN
H31IN1599
NAN13ILATIE Y 09AUTENOUNINLAL VDS
wARSuinsoNt 2 gas Ae gasfildléninds
Adumfesar 0 LargnsTNALNLIIENINA N1
Bumv Youar 60 91nA15197 5 wuan Lile
Wisuifisundndusitianmsesis 2 gas U3uw
TUsAu 101 wazloo1mns vesndniuaiiIIn1999
ansitlénndannduafesar 60 SUmanfindy
atadifeddy (p<0.05) 1iesarnnind8unand
Ysunalusiu leems uazussinene q luuSunn
g9 [16] Feaenndoeriuauidoves R. Kultida et al.
[17] wudn denaunuutsanddonindaniduan
Turuugia (Tuiles) Wunalsiiviualusiudiaty
agefifuddey (p<0.05) Wl et maunud18a
vousUuidunaliudnfusidiuinisesdusunu
asomsiinaruiinty luariinduduasluiy
HUTuaanas I IinAnSugiiansesiiusanu

wasuduriananuraesladuiivsunuanas

ogafltfddyn1eaia (p<0.05) Liosainnindn
AU Tl anfausunsesluass
Hlanunisatavsfusenluvinldiviiunanie
(Oil Residue) a¢ luuTuutae Fedonndoafu
ns@nwiaumthiives S. Rawdkean et al. [16] ¢
Anwesidszneumaaiivesnindaniaduan wui
fusualuduediauag 4.13 waraINT1891UY04
L. A. Follegatti-Romero et al. [18] wu31 HUTuwu
vfunamdelunindanmduafidunssuauns
afnluduiiesiesay 7.2 Jalivsunaluiueg e
waziflalUSouiisuiusiesuues S. Manisa et al.
[10] wui lotuluddaveuduiiusuralusiy
Uszanaidesas 54.53 audiulginnindannduand
Ysunadlustudosninddanoudu Sadunalds
asfUsEnoURIna1Igadsly dlewnindiniduan
gmannudaneunluiedwmaliusunuladunay
Sanduslunandneilunnisesiiusunaanas il
Usinainnudiu A1slulewnsn venandnaidnunm
5094 2 guafiuTnauanssesndlditodidgmis
@ (p>0.05)

A15199 5 99AUSENAUNIUALVDINANTUTHIUINTBINNAWNUNID AUBUAUUAIENINDINIDUAN

< =
29AUsTNaUNILAY

AMNaIAIBUANSREAY O

& a Y
N1NNIN1IBUANTDYAY 60

AU (Moisture)™

TUsiu (Protein)

lsfu (Fat)

11 (Ash)

Asluleinsn (Carbohydrate)™
WU (Kcal/100g)

wule (Fiber)

Indud davlnlafisea (Vitamin E O-Tocopherol)

5.71+0.03 5.74+0.02
9.42+0.02° 12.69+0.06%
11.34+0.04° 7.28+0.04°
1.02+0.02° 1.49+0.09°
72.51+0.04 72.80+0.07
429.78+0.37° 407.48+0.13°
1.20+0.07° 1.91+0.05°
3.51+0.03% 2.07+0.04°

NUBUA: FITNYINBIBINGuIlFiumULLINeY iEnehs AnadeliauuwanssiuegelidedAynieada (p<0.05

o @

ns Mgt Aedsdnmulanaeslditedifegyneada (p>0.05)

3.5 Nan15ANEIUSHIUNsA LU uVDINARA eTHN
1IN1599
Nan1sAnwIeImUsenauveansa byt uly

HANTUIHININ1TOMN 2 gas (A15197 6) Wy

HARAUTHININTOINVAUNUATENINAINIBUAT
Saway 60 HUSueIRUssnavvanIaluduynyile
WesnimaAndnainuinisesansilaldninginng

v o o

dum1 (Fosaz 0) aglivudAy (p<0.05) laanwuy
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nsalasulaidus nsnlutulddufvdshumis nse
Tasfulddudavaneiiunds nsalufurdalowni-6
waznsalasulewni-9 luusuadeeninusyaie
1.4 - 1.6 Wi waglinuuSuunsalusiulownn-3 Tu
NARS USRS 2 gns nmsnunsaluduluy
Usunaanasiiy enadunamnannnsiiudndan
SumitiunisTundeadausen 3evinle
parUsenouvesnsaludugyidesanlyain
ATTUIUNITAING D L1ABIINTIBITUATIT BB
S. Rawdkuen et al. [16] 1#51891UNAA15IATIEN
panUsznevvensalatulagUSeuiisuseninenin
WAATIMATAINSIBUAT NUTT NINSIR1IBUANS]

Usunaunsabududusa 0.59 waznsabudulidudi

5.68 Houninnudaudediusuna 1.57 was 9.67
muddu snviunsalusulisusivanssunieddl
USunaunninlaedaed e 5.11 uwaz 1.33
ANEIRU UBNIINT TiEenAd oIt uNISANYIDS
P. Anamaria et al. [19] wWu11 ms‘[fz’j’maﬁ"naaﬁw
nounudsaneusluinnseadunaliddndiuves
salutudud nselusiulddus waznsalutuede
Towni-3 uag lawni-6 anased 1wl dedAgy
(p<0.05) 1nWaN1TNAADIILLAULAI1 ATTWAILN
nAnsauaiunsesfildnindanduaifivusunam
nsalufudi sndu §eflusslediusianie wasd
Usglovilidaqunmilagianiznisanaundedunis

Anlsaviaandoniilalazlsasesawiagig 9 [20]

A15199 6 USUNuNSAbus BN UTENUINTBNALNUD D AN UAUUAILNINDINNIDUAT

a9AUsznaU (g/100g)

MNaIAIBUATSBBaE 0

o a Y
N1NNIN1IBUANIBEAY 60

Uinaunsalesiurian (Total saturated fatty acid)
Usinaunsalusiulaidus (Total unsaturated fatty acid)
nsnlusuladusidaien (Monounsaturated fatty acid)
nsmlutulaiBusadadon (Polyunsaturated fatty acid)
nsalvdulowwn-3 (Omega-3)

nsalvdulown-6 (Omega-6)

nsalvdulowwni-9 (Omega-9)

0.87 + 0.05° 0.59 + 0.06°
9.93 + 0.04° 6.36 + 0.15°
7.62 £ 0.09° 4.74 + 0.07°
231 +0.05° 1.62 + 0.08°
ND ND
231+ 0.02¢ 1.44 + 0.07°
7.54 + 0.04° 4.67 + 0.08°

a o o

RGN AIENBINWIFINOEAAITUAINLLINEY vanedls Anadelauuana1siuegaddediAgnieada

(p<0.05) ND munefis asaaldny

3.6 HansAnEIUSNNUNIAazAluvaINanAMaiHn
UIN1504
Han1sAnwIRIAUsENaUTIRInIAnsdluly
wAnSuaTLINITaaRa 2 ga (A1T9f 7) U
dlonaunudidaueuddusienindinnidueiises
ag 60 Tundadugiduin1ses dewaludusununse
ovdlusdaf sudus 9 wida Tneny Tadu lu

YSuauniiga aunide adu Ailaszaiiiu 114u

loleg@u wivledu vilefiu n3nlamy uazdarsiu

puanau wazdamuusinunsaesiluvialdsidu
Ap nls@u lnadu wiu Insdu wasdaiu gandn
uansaueilnunnsesiillldnindanidunn (Sevaz
0) ag9ildud1AY (p<0.05) %awﬂuﬂ%mmqaﬂdw
Uszanas 1 wh dautsinanseesilusiadilisndu
sindulaun 01538y N3ANGANEN NIALBANISHN
Fawdu fusuuanategrefitoddny (p<0.05) &4
wuluvsmadesninszana 1 winguiiendu d

A0AMABINUIIBINUNSANWIN T N15UEUalAY
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S. Rawdkean et al. [16] lain1sAnwUsunansney
fluresnindannadua nuin ledudunseesily
ﬁﬁﬂ%mmmnﬁqm (17789.00 fiadnsume 100 N3u
Fr0619) waznsnesilurdaiisniudn 8 win dail
USunauadesaus 9334 - 624.21 Saan3use 100
nsudleg1e waznsnezdluvinalisndu 1288 -
10025 fadnsuse 100 nfudiegie et Usuna
namiusarezaiilu dauansinsedalifideddny
N9@d @ (p>0.05) Laznans e 1N
2 gns linukean1s1du §4 C. Raizet al [21]

51891071 widnvesiiduadnsnezdludnduynds

Aflssworanufonsves19Ne AaLu
Y309 n15auIdelan (FAO/WHO) 31nuaNIs
naaes wiuldinisiinindduadadundana
wagldannszuaunsatniuinyseyndldly
nandnaimIN1see iliiuselevilugnman
n1alaguinis arusatd undnsdusiomising
madondmiviuilnaildloluguamlnoanie
ngandmnefidesnsuiinalusiuaznsnegiilu
Avdndndudssrameliamisadunsziiesld

Fndudaaldsuanomsiiuiuvingu

A157197 7 USUnaunsnariluvesuan dueik1u1ns o ine kU8 auaunUuA 8N INEIANIDUAN

29AUsznau (mg/100g)

AMnaAduA3eeas 0

& a Y
N1NAIN1DUATYAL 60

nsnezfiluaiininu (Essential amino acid)
Fafsiu (Histidine)

laisug%u (Isoleucine)

a%u (Leucine)

ladu (Lysine)

winlediu (Methionine)
Aflanzanilu (Phenylalanine)
n3ledlu (Threonine)

978U (Valine)

vawlau (Tryptophan)
nsnaziiluviinlisndu (Nonessential amino acid)
ozanilu (Alanine)™

91539 (Arginine)
NIALOANIIAN (Aspartic acid)
Fafiu (Cystine)

nIangmdin (Glutamic acid)
Tnadu (Glycine)

Twsdu (Proline)

13U (Serine)

InlsTu (Tyrosine)
LOAN1313U (Asparagine)
Famdu (Cysteine)

ngaiu (Glutamine)™

170.60+6.22° 210.00+5.60°
310.00£2.12° 411.80+7.71°
440.00+1.41° 560.00+9.76°
540.50+4.95° 640.75+6.43
370.00+2.83° 410.25+8.13°
500.25+3.18° 540.10+7.91°
280.00+7.07° 370.126.54°
450.50+3.53° 540.73+8.73°
180.55+1.34° 240.40+8.41°
380.25+3.18 380.25+3.18
1750.50+12.02° 1390.88+20.75°
1120.00+15.55° 881.20+14.50°
420.00+5.66° 460.83+8.31°
1170.00+ 8.38° 970.70+£16.05°
317.00+4.24° 520.00+4.60°
300.00+5.66° 410.40+6.51°
391.00+4.24° 510.68+6.61°
440.50+9.19° 539.75+8.76
ND ND
423.50+7.78° 129.60+8.63°
640.00+5.66 630.18+7.81

NUGINRA: FHI8NBIN1B189NguRsaiumLLLIvey vned AtadelinuuandeiuvedeiliedAynieais

o

(p<0.05) ns wnedle AadsdiauLAnA1segliidyd

AQYN19aif (p>0.05) ND vanedis msavlainu
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3.7 HAN1TATUINAUYUINGAUVBINEAS KN
WINTBIN 2 G013
HANISATUIUAUNUNITHAANT NS UITH 3N
N1594gM3AIUAN (Faay 0) WagHANIMINININ
s99gRsANALNUAIBAINAIA1ITUAY (FaBar 60)
1Agd199951AAUNY A LHouluIAN 2564 WU
simdunuingAvlunsnanndnduesiniuinises
gnsmIuAN 91 1AUNUUTEUI 40 UINERENS
uazgasTITimUILED WU Ssanduyulszana 34
v defu Wedsuidisusandunuingivees
T R TN e L BV RTE SR E R RV
anasngnInuauAniudesay 15 Wil annsn
wAme1uInsesse 1 qeslddiuau 30 du 9l
dvindeduvindy 3 ndu iflefiansmnainging
Funuingaud anningasi samuaen 211y

71999819 DNVINARAUNHIUITDINNALNUAILAIN

|
v a =

frdumiusunaedusiukaznsnozilunsndu

= & a A o 1 a a 1
ﬁ]\‘iL‘U‘uLL‘LJ’JWNEL‘Lm’IiNaGlLW@R]’M‘IA’I‘EJI‘LJL%QW’IEN‘U‘ETI@

4. a3

mslEnndandunmawnudsanousiy
fszsudosay 60 Tagtmin Wudsuaiday
winzaulunisnaunudidanousUulundniue
Hhannses InedinauninnisUssamduiaoglunoe
gauUunans wtinsldnndanduanlulsunai
s damaronuNIMNINIEnIN Ingal L* (A
a319) uazUSunannuduiaianas lusasiia a*
(ANAuna) ArAaauds (Hardness) andfiadu sl
dananar1A11uNIaUu (Fracturability) A1&L1d 04
(0" wazUSunadass (2% WeUssuiiisuiu
nanSettuInsesgasi lldnindan1aduan
Toyardelnvuinisveanansiamilannsesinam
Tuadedl Sanusrloni TedinamuuTuuarsems

Mdulszlovinngranie Inganizusunaldsiu

waznsnezdluiidndunis 9 silagandndnsaueiel

wInsesgasunAusranm 1 i anviedadidndu

VITIMAUNUIRGAUragRTana

5. ARANISUUSNA

vovouAMANEAaUAIanT un1Inelde
waluladsvsnaaiide Aaduayusulszanally
n1393deanuselauszdndaulssunm 2563
YOUDUAMUNATNTI Yynns unsanuia dais
wazuuunIAng Aelwian feaulinide maenau
yaanshazdnAnwInangnsanu1iviemsuay
Tnwunns anviemnssumans nnauiddsusaels
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Effect of Xanthan Gum and Guar Gum on the Qualities of
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Black Glutinous Rice Flour Substituted Cassava Flour
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Abstract

The aim of this research was to develop boba products by using germinated brown rice flour and
germinated black glutinous rice flour. The basic formula of boba is made with cassava flour. Mixture design was
used to optimize the formula of the boba production from three variables: cassava flour (45-85%), germinated
brown rice flour (5-35%), and germinated black glutinous rice flour (10-509%) on the physical and sensory qualities
of the product. The results showed that decreasing cassava flour content decreased the lightness, hardness and
gumminess of boba. Increasing of germinated brown rice flour decreased the hardness and gumminess of boba.
An increasing in amount of germinated black glutinous rice flour in boba resulted in higher values of hardness
and stickiness than boba with germinated rice flour. Boba made with 85% cassava flour, 5 % germinated brown
rice flour and 10% black germinated slutinous rice flour had liking score closest to the basic formula. The effects
of the xanthan gum to guar eum ratio at 0:1, 1:0, 0.75:0.25, 0.25:0.75 and 0.5:0.5 on the physical and sensory
qualities of the product were investigated. The formula without xanthan sum and guar sum served as control.
Results showed that, compared to the control, the addition of xanthan gum and guar gum increased lightness,
yellowness, hardness and gumminess. The most desirable level of xanthan-guar gum was at 0.25:0.74%, as it
improved textural quality and had the highest liking score of the boba. The developed boba had moisture,
carbohydrates, fats, proteins, ash and crude fibers which were 71.58, 99.51, 0.20, 0.11, 0.18 and 0.0029,
respectively. The energy value determined by Bomb calorimeter which was 173.08 kcal per 1 serving (43 g).

Keywords : Boba; Germinated Brown Rice Flour; Black Germinated Glutinous Rice Flour; Xanthan Gum; Guar Gum
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Diversity of Yeasts and Molds Isolated from Look-pang
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Abstract

This research was studied to isolated yeasts and molds from Look-Pang in Northeastern
Thailand. The results indicaterd that sixty-eight isolates of yeast, classified from cell shape including
spherical 11 isolates, oval 22 isolates, cylindrical 18 isolates and apiculate 16 isolates and thirty-two
isolates of mold were obtained as Alternaria 7 isolates, Aspergillus 16 isolates, Amylomyces 4 isolates,
Penicillium 4 isolates and Rhizopus 1 isolate. There from sixty-eight isolates of yeast strong amylolytic
activity (clear zone index 1.25-1.50) were STYC 05, STYN 02, STYN 07, STYS 03 and gave alcohol 1.19
- 7.24 % (v/v)on yeast extract-Peptone-Dextrose (YPD) with glucose 2 % (W/V) at room temperature
(30+2 °c) for 48 hour. Three from thirty-two isolates of mold strong amylolytic activity (clear zone

index 11.0-13.0) were STMD 04, STNR 01, STMR 05.

Keywords : Isolation, Starch Hydrolysis, Look-pang, Sato, Alcohol
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Abstract

This research investigated the high voltage on natural convection of a vertical flat plate from
5,6, 7,8,9 and 10 kV. The experiment was carried out on a constant heat flux surface in the test
section of 1 m width x 1 m length x 1.5 m height. The discharge electrode was installed inside the
test section. The discharge electrode is perpendicular to the vertical plate with a distance of 1 cm.
Two positions are considered: the center of plate, which corresponds to discharge electrode
(position A) and the position above the first position of 2 cm (position B). The effect of high voltage
and positions on the plate are considered to enhance heat transfer efficiency. The results show
that high voltage of 10 kV can increase the heat transfer enhancement ratio up to 1.06 and 1.03 at
position A and B, respectively. The heat transfer efficiency decreases with the decrease of the high
voltage. In addition, an accurately predictive formula for the Nussult number under 5-10 kV is also
proposed in this paper. Therefore, the obtained experimental results will be important information

in order to develop the higher efficiency heat exchangers in the future.

Keywords : Natural Convection; Heat Transfer Enhancement; Electrohydrodynamics; Corona Wind
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Abstract

The growth of bar soap industry leads to an increasing productivity improvement of bar soap
manufacturing process to reduce the defect rate. The appropriated quality tools such as fish bone
diagram and why-why analysis were adopted to find the cause of defect and to improve the
manufacturing process associated with the brain-storming technique. The research objective is
therefore to reduce the defect rate in the bar soap manufacturing process. Based on the current
manufacturing process, it was found that the defect rate was caused by the belt conveyor. The data
collection was conducted and analyzed to find the route cause using pareto diagram and found that
the highest defect rates are caused by the clogging soap on the roller surface and the slipping guide
behind the conveyor belt, respectively with the total defect of 8,837 kg (65.35 percent). Those two
major causes were subsequently analyzed and created the plans to solve the problems, implement
the plans, conclude the results, and finally set the standard procedures. After implementation, the
result shows that the defect rate of bar soap manufacturing process is significantly reduce 8.8% from
12.5% to 3.7% per month (P < 0.05) whereas the quality rate is also significantly increased from

87.4% to 96.3% per month. The decreasing defect rate is achieved the target of the research purpose.

Keywords : Bar Soap; Manufacturing Process; Defect Rate; Quality Rate
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Effects of Germinated Brown Rice Flour and Inulin on the

Quality of Tteokbokki Flour
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Abstract

This research is the development of Tteok products from germinated brown rice flour
supplemented with inulin. The objectives were to study the use of germinated brown rice flour as a
substitute for glutinous rice flour and rice flour and inulin supplementation on physical, chemical and
sensory qualities of Tteok. The germinated brown rice flour was substituted glutinous rice flour and
rice flour in Tteok at different ratios; glutinous rice flour to rice flour 2:1, glutinous rice flour to
germinated brown rice flour 2:1, 1:2, and 1.5:1.5. Increasing the germinated brown rice flour resulted
in increased redness (a*) and yellowness (b*), but decreased lightness (L¥*), cohesiveness, gumminess
chewiness and liking score. Inulin supplementation was studied at 0%, 20%, 30% and 40%.
Supplementation with inulin caused a decrease in redness (a*) and yellowness (b*) of Tteok, whereas
the lightness (L¥), hardness and adhesiveness increased. Tteok with 30% inulin obtained the highest
liking score in color, texture, taste and overall liking. The chemical composition of germinated brown
rice flour Tteok with inulin supplement contains 44.78% moisture content, 3.36% protein, 0.19% fat,

0.47% ash, 0.48% fiber, 51.00% carbohydrate and 84 kcal/serving (40 g).

Keywords : Tteok; Germinated Brown Rice Flour; Inulin
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Tteok with sauce

Treatment
Taste Texture Overall liking
B1 6.98 + 1.17° 7.08 + 1.26° 7.10 + 1.07°
B2 7.22 +1.18%® 7.16 +0.79° 7.12 £0.94°
B3 7.64 +1.16° 7.50 + 1.22° 7.84 +1.04°
B4 7.28 + 0.99% 6.56 + 1.15P 7.00 £ 0.99°
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Chemical quality A (Basic formula) B3 (Developed formula)
Moisture (% whb) 50.38 + 0.26° 4478 £ 0.17°
Protein (% wb) 4.03 + 0.05° 3.36 +0.03°
Fat (% wb) 0.16 £ 0.01° 0.19 + 0.01°
Ash (% wb) 0.19 + 0.09° 0.47 + 0.08%
Crude fiber (% wb) 0.22 + 0.03° 0.48 + 0.02°
Carbohydrate (% wb) 44.87 + 0.56° 51.00 + 0.13?
Energy™ (kcal/40 g) 85.40 + 0.01° 84.40 + 0.00°
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Abstract

Food-borne diseases have become a serious public health issue. Due to the
occurrence of multi-antibiotic resistant bacteria in seafood-based products, there is a
need for novel tools to control the growth of pathogens. In this study, two herb-extract
combinations (80 mg/mL), namely lemongrass (Cymbopogon citratus (DC.) Stapf) and

black pepper (Piper nigrum Linn.) extracts, and lemongrass and chili spur pepper
(Capsicum frutescens Linn.) extracts, were supplemented into dried, seasoned, and
crushed squid to investigate their inhibitory activity against pathogenic methicillin-
resistant Staphylococcus aureus (MRSA) and Edwardsiella tarda, and food-spoilage
Pseudomonas aeruginosa. Combined addition of lemongrass and chili spur pepper
extracts resulted in a significant (p < 0.05) decrease in MRSA and E. tarda numbers,
compared to the control during 28-day refrigerated storage. P. aeruginosa appeared to
be vulnerable to the both herb-extract blends supported by a significant (p < 0.05) 1-log
reduction in the dried squid during chilled storage. This study suggests that a mixture of
lemongrass and chili spur pepper extract had the potential use as natural preservative to
reduce the risk of diseases associated with the consumption of contaminated dried
seafood products.

Keywords : Chon Buri; Pepper; Chili; Lemongrass; Dried squid; Food safety
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1. Introduction

Seafood is a healthful diet
containing a variety of essential nutrients
such as proteins, vitamins, minerals,
unsaturated fatty acids, and taurine [1].
Demand of seafood-based products in
Thailand increases every year with an
annual per capita consumption of 33 kg
in 2016. Due to the perishable nature of
seafood and its improper storage
environment, food-borne diseases caused
by pathogen contamination have been an
important food-safety issue. In Thailand,
traditional dried seafood, a popular
processed seafood product, is reported to
contaminate with several pathogenic
bacteria, e.g., Bacillus cereus, Escherichia

coli, Staphylococcus aureus, Edwardsiella
tarda, and Salmonella [2]-[4].

Food poisoning caused by
enterotoxigenic strains of S. aureus has
become a public health concern in
Thailand. In 2014, 207.52 food poisoning

cases per 100,000 populations were
reported by Bureau of Epidemiology,
Thailand by which S. aureus was one of
the most frequently isolated pathogenic
bacteria identified from 22.2% of the

patients [5]. Unfortunately, the misuse of
antibiotics in medical treatments and
animal farm practices has resulted in the
emergence and  dissemination  of
methicillin-resistant S. aureus (MRSA) in
food chain, thereby harming a food
safety. MRSA has been reported to be

resistant to common used antimicrobial
agents leading to more complicated
treatments of patients with severe
infections. Aside from causing infections
in both Thealthcare facilities, and
communities ranging from mild skin
infections to life-threatening diseases,
viz. pneumonia, septicemia, endocarditis,
and nosocomial infection, MRSA also
causes food-poisoning. Human infections

caused by food-borne MRSA strains have
been  documented  worldwide. For
example, there was the incidence of food
poisoning caused by a staphylococcal
enterotoxin C  producing MRSA
following ingestion of roasted pork
contaminated by food handlers [6].
Currently, the occurrence of MRSA in
fresh seafood, ready-to-eat seafood, and
seafood-derived products has been
increasingly reported in many countries
[7]-[8]. In Thailand, MRSA strains were
recently isolated from a multi-recipe of
traditional dried seafood products sold in
Chon Buri province in our laboratory.

E. tarda, a causative agent of
hemorrhagic septicemia in fish, has been
isolated from a number of fresh water
and marine life. The pathogen can rarely
cause infections in human following
consumption of contaminated fish or
seafood, and accidental ingestion of
contaminated  water. Most clinical
symptoms (approximately 80%) of E.
tarda infection include gastroenteritis,
and other diarrheal syndromes, e.g.,
dysentery, chronic diarrhea, and enteric
fever [9]. Pseudomonas sp., in particular
P. aeruginosa, is one of the most
dominant spoilage bacteria frequently
isolated from dried ready-to-eat seafood
products in Chon Buri province. This
bacterium is degenerative to product
quality  through slime  formation,
discoloration, and generation of off-
flavors and odors due to production of
volatile substances, such as alcohols,
aldehydes, esters, and sulphur compounds
[10]. P. aeruginosa is also considered as
an  opportunistic human pathogen
frequently implicated in nosocomial
infections, and gastrointestinal syndromes,
particularly in  immunocompromised
individual [10]. Infections caused by P.
aeruginosa are generally complicated to
cure owing to the limited susceptibility to
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antimicrobial agents and the high
frequency of an emergence of antibiotic
resistance during remedy [11]. This
situation indicates that Thai traditional
seafood products pose a serious risk of
food-borne diseases. As such, an effective
technology based on preservative is
required to improve the safety and extend
the shelf-life of such products.

Chemical preservatives are
commonly applied in several recipes of
seafood-based products in Thailand.
However, their safety issues have been
questioned by consumers in terms of the
potentially life-threatening side effects on
human health. For example, sulphites are
implicated in allergic and asthma
reactions in sensitive people, and chronic
skin symptoms [12]. Nitrites are toxic at
high concentrations and can react with
proteins to form carcinogenic
nitrosamines, when exposed to certain
heats or acid environments. A positive
correlation has been reported between
increased levels of nitrates in food and
increased deaths from Alzheimer's,
Parkinson's, and type 2 diabetes [13]. In
this sense, alternative practices using
natural substances have been drawn
much attention. In Thai cuisine, several
gastronomical and traditional herbs
commonly used as flavoring ingredient,
such as ginger, lemongrass, garlic, clove,
chili pepper, kaffir lime, cumin, shallot,
and galangal, have been claimed to
represent antibacterial activity against
food-borne pathogens. Until now, a study
focused on antimicrobial efficacy of Thai
herb extracts/essential oils on pathogenic
bacteria has received very little interest in
a food-model condition. Therefore, this
study aimed to investigate antibacterial
activity of two herb extract mixtures
(lemongrass-black pepper extract and
lemongrass-chili spur pepper extract)
against MRSA, E. tarda, and P.

aeruginosa in dried, seasoned, and
crushed squid used as a seafood model.

2.Research Methodology

2.1 Herb extraction

In  our preliminary  study,
unsatisfactory inhibitory activity against
MRSA, E. tarda, and P. aeruginosa was
observed in individual herb extract of
lemongrass (Cymbopogon citratus (DC.)
Stapf), chili spur pepper (Capsicum
frutescens Linn.), and black pepper
(Piper nigrum Linn.). In contrast, their
combined extracts (lemongrass and chili
spur pepper or lemongrass and black
pepper) were in vitro effective in
inhibiting  the  tested  pathogens.
Lemongrass (stems), chili spur pepper
(fruits), and black pepper (fruits) were
purchased from a local spice store in
Chon Buri province, Thailand. Herb
preparation and  extraction  were
performed according to P. Soodsawaeng
et al. [14] method. After rinsing with
running water, all herb materials were
shade-dried, and chopped using a table
knife. Then, the herbs were dried at 35 °C
for 72 h, and ground using an electronic
blender. The herb powders were extracted
with denatured 95% ethanol at a ratio of
1:10 of material to extractant in a shaking
incubator at 120 rpm, 30 °C for 72 h.
Supernatants were passed through a
Whatman filter membrane No.1 prior to
evaporation at 40 °C and 175 mbar using
a rotary evaporator (Buchi R-215, Flawil,
Switzerland). Ethanolic extracts were
diluted with 10% dimethyl sulfoxide to
produce stock solution (80 mg/mL) and
sterilized using a 0.45 pm syringe filter
prior to storage at -20 °C until use.

2.2 Pathogen preparation

Two pathogenic bacteria (MRSA
T18 and E. tarda DS 002), and one strain
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of food-spoilage bacteria (P. aeruginosa
DS001) isolated from dried seafood
products sold in Chon Buri, province
Thailand in our laboratory were used in
this study. The stock cultures were frozen
at -80 °C in Trypticase Soy Broth (BD
Difco,  Sparks, Maryland, @ USA)
containing 20% glycerol. The culture was
propagated on Trypticase Soy Agar
(TSA; Becton BD) at 35 °C for 24 h with
two consecutive transfers to produce
active sub-cultures. Then, the bacterial
isolate was cultured in a tube containing
TSB, and incubated at 35 °C for 24 h.
Cell concentration was adjusted to 10*
CFU/mL using the McFarland turbidity
standard before being used.

2.3 Synergistic study of the mixed herb
extracts against pathogenic and
spoilage bacteria in dried, seasoned,
and crushed squid

Antibacterial potential of the mixed
herb extracts against food-borne and

food-spoilage bacteria was investigated

following N. Butkhot et al. [3] method.
Briefly, dried, seasoned, and crushed
squid was purchased from a retail store in
Chon Buri province, Thailand. The squid
samples were cut using a sterile scissors
to obtain a 2 x 2 cm piece. Experimental
design in this study consisted of three
treatments including addition of tested
bacterial suspension in the squid samples
together with sterile distilled water
(control),  lemongrass-black  pepper
supplement, and lemongrass-chili spur
pepper supplement. A square piece
sample was experimentally inoculated
with the suspension of MRSA TI18, E.
tarda DS 002 or P. aeruginosa DS001 at
concentration of 10* CFU/mL. After air-
drying in a biosafety cabinet for 15 min,
a minute volume (0.1 mL) of either the
combined herb supplement (80 mg/mL)

or distilled water was introduced onto
entire surface of a 4 cm? piece of the
pathogen-inoculated squid. The squid
samples were then air-dried for 15 min,
packed in a sterile plastic bag (3 x 5
inches; 1 sample: 1 bag) to prevent cross
contamination, and stored in a 4 °C
refrigerator. During 28 days of storage,
the squid samples were retrieved at 15-
min, 2, 4, 7, 14, 21 and 28 day post-
inoculation to monitor change in the
pathogen numbers (see below). An
additional treatment of squid exposed to
sterile distilled water without the addition
of pathogen suspension was included in
this study to obtain background data of
pathogen  contamination in  dried,
seasoned, and crushed squid.

2.4 Enumeration of the tested pathogens

Enumeration of tested pathogenic
bacteria was carried out using a spread
plate method. The sample (2 g) at each

defined interval was mixed with 0.1%
(w/v) peptone water (18 mL), and
vigorously = homogenized wusing a
stomacher for 2 min. A 10-fold dilution
was made, and then a 0.1-mL aliquot was
spread-plated onto Baird-Parker agar
(BD Difco) supplemented with egg yolk
tellurite enrichment, Hektoen Enteric
Agar (BD Difco), and Pseudomonas
Isolation Agar (Himedia, Mumbai, India)
for enumeration of MRSA, E. tarda, and
P. aeruginosa, respectively [7], [15]-[16].
All petri dishes were incubated at 35 °C
for 48 h. Suspicious colony grown on the
media was streaked onto TSA to gain
pure culture prior to being characterized
by Gram staining, and selected
biochemical tests, as described elsewhere
[17]. Typical isolates were compared
with  physical and  biochemical
characteristics of the original strains
experimentally inoculated onto the dried
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squid. All confirmed typical colonies
were counted and calculated as colony
forming unit (CFU) per g of sample. All
experiments were conducted in triplicate.
Reference strains, namely MRSA ATCC
43300, E. tarda ATCC 15947, and P.
aeruginosa ATCC 15442 were used
during enumeration and confirmation of
the pathogen.

2.5 Data analysis

Data are expressed as mean =+
standard deviation (S.D.). The numbers
of bacteria were normalized by 10-log
transformation, when needed prior to
statistical analyses. Data were analyzed
using a Two-way ANOVA, and followed
by the Tukey’s multiple comparison test
to identify any difference among
treatments. All statistical analyses were
conducted at a significant level of p <
0.05 using a GraphPad Prism version 7.0

Lemongrass + Black pepper

Lemongrass + Chill spur pepper

(GraphPad  software, San
California, USA).

Diego,

3. Results
3.1 Antibacterial activity against MRSA
Antistaphylococcal activities of the
two herb-extract combinations were
significantly (p < 0.05) greater than that
of the control (Fig. 1). The strongest
inhibitory activity against MRSA in dried
squid was present following addition of
the herb extract blend of lemongrass and
chili spur pepper due to a significantly (p
< 0.05) reduced MRSA number,
compared to the control during 28-day
storage. MRSA number in squid added
with  lemongrass-chili  spur  pepper
extracts significantly (p < 0.05) reduced
from 143 = 095 x 10° CFU/g at
beginning of experiment to undetectable
level at 28-day storage (Fig. 1).

Storage periods
Il 15 min

W Day 2
I Day 4
W Day 7
Il Day 14
@ Day 21
I Day 28

MRSA count (CFU/g)

Fig. 1 Antibacterial potential of the combined herb extracts on growth of MRSA in
dried squid during 28-day refrigerated storage. MRSA was absent in the squid samples

exposed to sterile distilled water without inoculation of the pathogen suspension. Bars
with different letters at each sampling period denote significant difference (p < 0.05)
among treatments. Bars with different numbers within the same treatments denote
significant difference (p < 0.05) over the time.
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Lemongrass + Black er
“ pepp Storage periods

I 15 min
W Day 2
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W Day 14
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Lemongrass + Chill spur pepper

= Day 28

o
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% s - o
o F o o + & o

Edwardsiella tarda count (CFU/g)

Fig. 2 Change in E. tarda in dried squid treated with the mixed herb extracts during 28
days of refrigerated storage. No E. tarda was isolated from the squid samples added with
sterile distilled water without inoculation of the pathogen suspension. Bars with
different letters at each sampling period denote significant difference (p < 0.05) among
treatments. Bars with different numbers within the same treatments denote significant
difference (p < 0.05) over the time.

b
b.2
b.2
Lemongrass + Black pepper b2 Storage periods
a3
az
2.3

I 15 min
Day 2
T — = Dey
b2 I Day 4
b,z
Lemongrass + Chill spur pepper b,2 W Day7
a3
a3 I Day 14
a3
an B Day 21
ad [ Day 28
8,2
Control a2
a3
a3
a3
I N & 5 “ ] &l "l
o o AP NI
3 ) RIS o
W k] b oy

Pseudomonas aeruginosa count (CFU/g)

Fig. 3 Antibacterial efficacy of the combined herb extracts on P. aeruginosa count in
dried squid during 28-day refrigerated storage. P. aeruginosa was absent in the squid
samples exposed to sterile distilled water without inoculation of the pathogen
suspension. Bars with different letters at each sampling period denote significant
difference (p < 0.05) among treatments. Bars with different numbers within the same
treatments denote significant difference (p < 0.05) over the time.
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3.2 Antibacterial activity against E. tarda

Similar to MRSA vulnerability, the
combined extracts from lemongrass and
chili spur pepper had the strongest
bacterial activity in dried squid by which
E. tarda number significantly (p < 0.05)
decreased from 1.07 + 0.28 x 10° CFU/g
at 15-min post-storage to undetectable
level at day 21 of refrigerated storage,
compared to those of the control and
lemongrass-black pepper added samples
(Fig. 2).

3.3 Antibacterial activity against P.
aeruginosa

Number of P. aeruginosa in the
control was 3.43 + 0.95 x 10° CFU/g at
beginning of experiment, and
progressively decreased until vanishing at
day 14 of storage (Fig. 3). Addition of
either lemongrass extract in conjunction
with chili spur pepper or a mixture of
lemongrass and black pepper extracts in
the dried squid resulted in a significant (p
< 0.05) 1-log reduction of P. aeruginosa
numbers during first 7 days of storage.
The absence of P. aeruginosa in the
control, and the two treated groups was
observed at day 14 of storage.

4. Discussion

Growth of pathogenic and spoilage
bacteria in dried ready-to-eat seafood
products causes a serious harmful effects
on consumer health and has highlighted
the need of an effective novel technology
to control the pathogen proliferation. In
this study, the two combined extracts
could effectively inhibit the growths of
pathogenic MRSA and E. tarda, and

food-spoilage P. aeruginosa in dried
squid. However, the strongest inhibitory
activity against all tested bacteria was
observed in the extracts from lemongrass
in combination with chili spur pepper.
Despite inhibitory effect of the two herb-
extract combinations on food-borne
pathogens never reported, chili pepper
extract acted synergistically with ginger
extract against E. coli, S. aureus, and P.
aeruginosa in culture medium [18]. A
mixture of lemongrass and turmeric
essential oils was effective in retarding
growth of mesophilic and psychrophilic
bacteria in chilled-stored green mussel
storage [19].
Antibacterial activities of the two herb-
extract blends used in this study are
expected perhaps due to
phytochemical constitutes in  herb
extracts. The  inhibitory = phenolic
components, e.g., cinnamic acid, and m-
coumaric acid, have been found in chili

(Perna viridis) during

active

pepper extract, and contribute to exerting
antibacterial action against food-borne
pathogens [20]. Citral  chemotype:
geranial, and neral has been reported to
be the major active component in
lemongrass essential oil/extract
responsible for bactericidal action against
multi-strains of methicillin-susceptible S.
and MRSA [21]-[22] while
piperine, terpines, and flavones are the
predominant chemicals in black pepper
extract and play a role in inhibiting E.
coli and S. aureus [23]. In our preliminary
study, degree of bacterial
inhibition of individual herb extract:

aureus

in Vvitro

lemongrass, chili spur pepper, and black
pepper, was lower than those of the
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combinations of  herb extracts
(unpublished data). The results in this
study revealed synergistic action among
the components in the combined herb
extracts that may exert antibacterial
activities through binding the bacterial
cell surface, penetrating into the cell
membrane
membrane damage, allowing the efflux of
DNA materials, amino acids and ions,
changing in the proton motive force,
destroying bacterial respiratory
metabolism, and ultimately leading to
pyknosis and cell death [21], [23]-[24].
Mode of action of the blended herb
extracts remains unknown. Therefore,
identification of the active compounds
present in the two novel combinations
should be further performed which may
help to explain their synergistic mode of
mechanisms.

causing cytoplasmic

Our results provided evidence that
addition of the extract from lemongrass
in conjunction with chili spur pepper was
more effective in controlling the growth
of MRSA and E. tarda than those of a
mixture of lemongrass and black pepper
extracts. The results were accordant with
previous study [25]. A combined
essential oil of basil and thyme produced
a greater in vitro antibacterial activity
against Bacillus cereus, S. aureus, P.
aeruginosa, and E. coli than those of a
mixture of basil-parsley, thyme-parsley,
basil-lovage, thyme-lovage, and parsley-
lovage essential oils.  Similarly,
bacteriostatic activity of various mixtures
among clove, rosemary, cassia bark, and
liquorice extracts was studied against
four meat spoilage and pathogenic

bacteria, e.g., Listeria monocytogenes, E.
coli, P. fluorescens, and Lactobacillus
sake. A combination of rosemary and
liquorice extracts represented the best
inhibitory potential towards all tested
bacteria in culture medium [26]. In a food
model study, B. Kong et al. [27] added
either the mixed herb  extract
(honeysuckle, Scutellaria and Forsythia
suspense Thunb) or mixed spice extract
(cinnamon, rosemary, and clove oil) as
food natural preservative into vacuum-
packaged fresh pork. The authors claimed
that despite a significantly
bacterial count observed in the extract-

reduced

added pork in comparison with the
control, the spice mixture had a stronger
antibacterial effect in chilled pork during
storage. Such phenomenon may be
explained by herb extracts/essential oils
generally containing a wide divergence
of active constituents whose antibacterial
activities are largely dependent on
composition, configuration,
amount, and interactions (additive,
synergistic, and antagonist) among the
components [28]. It might be also
possible that the minor compounds
present in each herb extract may act in a
synergistic manner, thereby exhibiting a
greater  inhibitory  activity. G. O.
Onawunmi et al. [29] demonstrated that
myrcene, a chemical composition in
lemongrass essential oil, showed no
antibacterial activity, but appeared to
enhance the activity, when the presence
of citral (geranial, and neral). Likewise,
the interaction between two components
(Melaleuca alternifolia)
essential oil, 1,8-cineole and terpinene,

chemical

in tea tree
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was reported by C. F. Carson et al. [30].
1,8-cineole exhibited marginal
antibacterial activity inherently, but it
was capable of improving the lethal
action of terpinene. The
postulated  that  1,8-cineole = may
permeabilize bacterial membranes and
facilitate the entry of other more active
components into the cells. These results
suggested that chemical components in
essential oil/extract blends
synergistically against target organism
and the presence of a small amount of the
components could improve antibacterial
activity.

This study demonstrated that food-
spoilage P. aeruginosa seemed to be
inhibited by the both herb-extract blends
supported by a significantly reduced
population during first 7 days of
refrigerated storage. In contrast,
pathogenic MRSA and E. tarda were
more vulnerable to blended extracts from

authors

may act

lemongrass and chili spur pepper. The
variation in sensitivity to antibacterial
activity may mainly due to difference in
structural organization of lipid bilayer
(types, and arrangement of hydrophobic
molecule chains) of the membrane and
cell wall as well as metabolism

machinery among the bacteria [31].

5. Conclusion

This study indicates that herb
combination of lemongrass and chili spur
pepper extracts (80 mg/mL) was
effectively active against MRSA, E.

in dried,
squid. Such

tarda, and P. aeruginosa
seasoned, and crushed

synergistic combination of lemongrass
and chili spur pepper extracts would have
a great implication to reduce the risk of
diseases related to pathogenic MRSA and
E. tarda as well as to improve product
quality caused by food-spoilage P.
aeruginosa. The use of the blended herb
extracts as natural preservative provides a
more acceptable way to satisfy a current
consumer trend of “green”, “natural” or
“no chemical added” labels in seafood
industry. However, an additional study
associated with organoleptic impact of
should be

to ensure

the herb extract mixture
in the

sensorial acceptability in food products

conducted future

by consumers.
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Abstract

This research is the design and development of Skylab tricycles. It is a modified tricycle
equipped with a motorbike engine. This type of vehicle is generally used in the northeastern region
of Thailand, used for transporting agricultural products from the farm to the market. In addition, it is
also used for general contracting in a short distance. This study was to develop a prototype electric
vehicle with an electric motor as a power source instead of an engine. An electric motor was used
as driving power instead of an engine. The prototype is 1.25 m wide, 3 m long, and 1.94 m high.
The front wheel caster angle is 20°. The driving power system consists of two 4kW-48V-DC electric
motors, two sets of four 12V-80Ah batteries connected in series (48V) for each motor and one 12V-
68Ah battery for powering other electrical equipment. Two electric motors could work alternately
or work together depending on load. The transmission system has a 6.5 gear ratio. In performance
tests with loads, it could carry up to 500 kg, traveled 40 km on a single charge at a maximum speed
of 50 km/h and could start on a 15° slope. The electricity consumption rate is about 1.03 baht per

kilometer when fully loaded.

Keywords : Electric Tricycle; Skylab; Dual Motor Drive System

* Corresponding Author. Tel.: +668 1544 4408, E-mail Address: juckamas.l@msu.ac.th


http://journal.rmutp.ac.th/
mailto:juckamas.l@msu.ac.th

RMUTP Research Journal, Vol. 17, No. 1, January-June 2023 91

1. UM

guuAlnin (Electric Vehicles, EVs) la5u
nsatanisalinardvsunanisldeauiiniue g
wnlusuian [1] AedelamuSsumuussansnin
msldmdsudinninsawsessurdununeluds 3
Win [2] Wwidstheannsudesuafiumsonmalunie
wudale Jevilisasudlnignaianisalinasing
T ufisduegrannlueuian Fanuiduniain
Tnmstheueudilddtududemdandaulas
TF A uunandsanunauny Tnsanize1ugus
YUALEN WU wewmedlen wazsaaudoinios AlGT
msnnuUasadiradusadnseulnin sadnserueud
I wazsagnasinidn senuldaulunaie
sUsuuuazildnuluvareysena sudddudseine
Tne Fefinsisasenaunldauuninareunniu
3] Famsldausanenesledlniirlide iy
Fowadunistundeu Swaeliussndnaqline
NS [4], [5]

fegranan1sAnululseineeestiu (6]
Wertuanudululdvesnisiauigiunisnain
vosgruguaiiinuineueudliinfidneainlu
nsunudileds 1 lu 3 veseusudiniy Tnsey
gusnazgnunuil leun sasudvuanansilédily
ﬁy’uwuaiauéhuamwuqﬁﬁa wena1nil srusud
T Sadidne nwlunisunuitldnasasudldvisiu
Awanavinduluudy Saudsannd 2025 1y
WomAauuuiuuBuargnunuiiluasnferou wdd
musswuuiiga dmsuludaulouis §3delaln
Forauouurin liesnjudluinsduaiueueud
T luwaiio ainiu lusuunudoudusved

y19lna aquildneninuny n1sasialasedsng

nuguliassuaguyniunazduasulminnisld
& o AL & a o & &

U wananid wleueaunendudedndu felu

£

TRvesiHanuazEuIlna

dnsuluuseimalng wnsniseanau “enu
gudliii (Electric Vehicle)” vos¥gunatioidunils
Tu “M3ewiend” fazufifneniserusuding [7)
TngUsewmdlneiiunuaranineisounseanadsesay
20-25 aeludl w.a. 2573 lagagriusndauasunisiy
wEsunaunuifulinsfuaaandoy unungy
L%aLwaﬂuiwmuﬁwamimm ﬁmﬁgq “UINTIU
grusun i’ wisanamnssueueudaieln
(Next-generation Automotive) Wu 1 Tu 10
gnamnssudiminefisguialinisdaaiuegng
93ads eusudliihesdundugnusnlunisu§in
gRANMNITUINEUA AAugNTiaesie susudliaudy
Ffumdousaluda

1wl w.e. 2560 annaneusualniilne lne
yuy (Beenuadei uazany [8] S3wiU UTEN dndn
1999 1im Iéamnsofndnluiidautas ety
madenlunisidaudusavudsansisag lnevi
msiausalidulumudsenansunisvudamng
un Aitmusidwesewmesliihildtuiadousa
MINNYNUIBINFIETAEUA W.A. 2560 Llaud
wazdunvesuamaslniidwsdedmaiag
(Rated Power) litiaanin 4 Aladnm Laganunse
Fuindsusaliinauiiigeanlalidesnin 45
Alawnseedalus lusadidvmdnsasautmn
U3IN (Gross Vehicle Weight) Igsoidoadunan
laddeendn 30 urdl Jagduaiunsaaansidoudu
asunisvudinisun wasldaruaseldudn 3
wisngaudwsuldanuluaadieadundn

Tunrngiusenidoaniievosussinalng
seaudewsamseidunion “soaniouay” 1u
Fo3unvessadnserusudsaulasusziannded
Uszrvuluruunsedawriniudiosfeuiinnulalu
FInUsed1iu [9] soaudeanisual Qﬂa%'wﬁuﬂ%y’q

w5nlud w.e. 2519 audawesesnuulvadisudun



92 215871539 IN5UAZI0Y ums.wszuAs Uil 17 avuil 1 unsian-dguiey 2566

ﬁema&J"Ni’mL%’J‘Luwmﬁuﬁ%’wi’mqmmﬁ way
Faminduq ilesnnsaligann ansatiunld
uluinusgariula Immawwﬁﬁﬂszﬂaum%w
NEAINTIU Nodualf wSee1insuinehly Tngld
Tunisvudevesluliun wioldifiesududiluved
na1m udalelun1suieill nesoanudeanie
wauiuldiedessududauasingslusoande
du ieldifudumdununisiudiousay uay
Ao biiaungluuulasadimessadundndy
nszuyiliannsafuilasansvdeusmnasesld
Usinannniu Tagwunnveaedesudsaanioual

98381319 90 -150 cc.

v
U

soaneuau i ldouiulutagtuiud
Furdslunistuindousiensossumiuudy 3
sUuuumsdsidsszutlsuaziledludananduide
NAILAYAT GiEJiJ’]ﬁﬂ’]iﬁ’]GQWLWaﬁﬁﬂﬁJwﬂa@a’jﬁﬁ’liﬁ
anunsaduTlaaTusgnslsinussuudanandony
Haymlunsldnuiedu desfmnaiessuduas
svuulade muEuUdondomas Tnstanizivan
iwmﬂfﬂﬁmﬁmqasﬁu swalufauafiwarnnisiunlng
vounIossuddunuansly ffuisianumensy
flazwmurszuvnewmeslniuieldifudumds
NALNY mui%’ﬁﬂfﬁnﬁi’mqﬂﬁzaqﬁﬁa ORIRIIIGE,
Waryrsaantguallnfindunuy sruseanaaeu
aussauy Wiolwlasaaniauaulniafivsznda
W @5 UIUIMARNY Saan1euauTily

wspssudbasalulusuam

ada v

2. s28Ul9798

nsAneadeiidunisesnwuukagwmun

-

snauaean1gnauTumdaunleliii Ingden

o o

S081NABAN18LAUTDIUTEN B NdUBINES I11n

o

Fudugndnuazdndminesielngvesseinaun

Wusaduwuulunisiaun lnedRvesdisadivuin
1190x3050x1950 fiaditans (1axeaxge) (Uil 1)

N1990NLUULAEWAIUITOdNAREN BLaY
ﬂﬁﬂﬁugﬂuiaawmﬁaaﬂﬂaLLszuaw%ﬁ'm%Wa*é
UomosAn TtuneuLaiTnsaimngsy [10]
[11] srudsideruunves nsun1svudmIauni
UsenAlus1vAaaune [12] Useniansunig
YUAIVNIUA 1309 Avuardiveswamasiuiinily
Fuindeusnaunguuneinfiesasud w.e. 2563
TnefanszddnietusaUssianaiude au 4o 5
“sapudsuiisaudouarsnsusiaudodiuyana
Fundeussuaweslnidesdiidwewomes
Tl lsiteunin 4 Alates wazaunsadundouse
Wifiaanusageanldliosndn 45 Alawnasde
F1lus” uazde 7 “vawasluivessanude 3 9o
4 98 5 wazde 6 Fevaunsaduindeusaluvusiiil
mdnsnsiutminussnn (Gross Vehicle

a o

Weight) muﬁ@’mammwum@h‘c’mamﬁ’gqnqm Al
fmuslulssniail Irewdeadunatlitesnin 30
Wi yndunasilunsesnuuudedinsendunis
Usgnauniey n1seenuuulaseasneiiglay
IATILAATILRAULT LTI N15RRALUUTLUY
i uaysyuuderids @51950AULUY NaUYAIS

NAADUALTIOULNITTUY

JUN 1 soaudeaniguaUsunsgnsves

o o

USYW a5navuamas 311n



RMUTP Research Journal, Vol. 17, No. 1, January-June 2023 93

2.1 N1599NWUUIATIEE19A0IMaZIATIZN

ALV
Tunisesnwuulassasianissessuiuin

v,

Aidvilassadieressaaiudeaniouadlalyd
gan s SolidWorks Simulation il en ey A
Auvasnde nastdaulunuuaissaugaing
(Static Load) fauansiaog1an153iaszsiniugui
2 WaaNS Stress ﬁﬁlzLLamaaﬂmLﬁu?’h Von Mises
Stress LitowduUlduAIALTIYile Ty
Unfagldeniluiudouiioufuan Yield Stress 184
fagiiiogindusiuidenieniods lnsdaen
Maximum Von Mises Stress 11071 Yield fagiie
IBusuAnAEsnedosiinasuAlunis
oenuuy [16] Inefandidonldde wan Alsl 1020
fiflean TnefldrmudufiinanusmuIway A
WuflAnanusadou wazanuduiiinonusede
nsgyiiulassain auautRvesTanilivszney
lassairadinismruaAINIsnagaume FULUUNTT
NAFDULUY Linear Elastic Isotropic AMvuma1

« Yield Strength  282.69 wnzUrama
« Tensile strength 585.00 tungU1dma
. 109NV 204.90 Ingianna

ansndruthves 0.29

lugdavesusudou 79.99 Inzirama

« g@la.nseeneaa 1.1 x 10° waiu!

Asial P/A (N/mA2)
961984006

| 1sses006

_ cormesa0s
 asmesc0s
 37ies005
255720008

| 1s7encos

L 176500008

| 1003 +005

-2.184+0C5
3364405
454404005

JUN 2 uanennseenuuuitonaaeumAIAIL

JaanAgluunseauann

2.2 nseanuuulassad1eflfeflfuas
32UUAINIAY

Tudaunisnszaneinin osangidels
sonuuulisalwihduwuvannsasuglagaisla 6
AU wagdundsvosdusnanduiiuiitalidmiy

WUFUA15E TN19TUNIPIUNTIVDIF5D Fetiu

'
P

iielvifiunisvesgaguidrssailmunzauiy
sUdnuaineuen fideddldeenuuuinnauunnes
$1uau 4 gnindslifidudievesn wazdn 4 gn
AARINIIFILIIVOIT0 ATINANTLIINUUALABTI
aosuazfndauainaslui 2 Yae uazUSuR
yuunainesin elduansatsduiianisnis

Juladetu wavandyninisazdnvesasnti A

wainglugui 3

JUN 3 JULUUNSAARINGDIAIUANTEUUNBLABSTU

ALAYNITININULUALADS

TunsenLUUSTUUAINNST AzRnfIUaLnDS

'
~ W

InflwilsiagnisinudreuasBnniediagnis

Y

Fruwan Wenszaredminusasduldnia q fu
Tneduidwewmeilniiaesd wwildnvarns
va1ueg 2 wuu Ae wawwesludiv 2 # vienw
$uffu ifelaSumds Lﬁ'aa&ﬂuamwﬁﬁi}mﬁﬂ
UsTYN waranunsaadunisiauld ddldueimes
Tnlfisvilafavinenu luvazisnnisiigniald

11U Wngldgnluiunddungrsliuewmaslnd

'
a

a1190daUnN15v19ule Teenldifinn1snulewes

o A |

waweslnngnUaldau mMmasligndsnuewnes



94 215871539 IN5UAZI0Y ums.wszuAs Uil 17 avuil 1 unsian-dguiey 2566

I siulggiiasdon wdadsluilimainans wan
vheluaudisdo daandlugud 4
nstutndounawasiiin dedaaindey
gunsaidenluuan1sinauvesamesla 2 laun
A AUANNITIULBIW s dasaIunsn
Gonluanoiyalagamiainunielyivinnunien
Auannisnady wazlnuanawmesiniiviieau
Saluilaeidenueinasyalayanils Wufmdnud
dlosadimdslineviefinistounszualndwomes
Audfiasly uowmesBnyavzrauiuiulag
Salutfiiaadusdundou nsvhaudunda
Auss Insdedyaraliihludgaaiuauninuss
etlounszuaannuuameslufmeawmeasingi [3]

[13] fauansluguil 5

Drum brake

UM 4 ssuvdamhdawuuneneielneldgnluiung

Y

Whanelinewmestninaunsaasunisyinaule

andnaue Q
N

@ Adawedaing danluun
mahnusawaslvin
@ndnaidan H

uawwaslvii \
#oemsldau

S unino? DC 12v 80Ah
viaunsuniiu 48V 80Ah

yanuauuawmas |

nih

AuisnIuguAmIE

uomasli

uawaslvivh DC akw
48V $au 2

3UN 5 szuvdsmdanuunawmesglagldgntuiung
Whandrgliisewmeslnihannsaadunisyhaule

TuniseonuuusEUUAUATIAILAAIUI NN
Awomasinidmiunistuindsulnesaluil
ADIANUNTODIVULLIIPIUBINTFA LIIFUIINUWT
Ttuthseslan uazussfumsnyuvesdeduindeu
16 TngladnsAunavunvesdumadunsdiiiod
nsussnle Badlfauusfiimundniunisiuia
wSEuUNSAAeudl usedauasidafigenisly

mawndeudiladed 31, [14]

Fr = LLiqﬁmmimuﬂ?ﬁyﬁ (1)

Foo= wSIunuaInay (Saeuw)

Fo = wsabanmeanatu (Tadu)

F, = WSSEuMSIedeuiisi (asu)

Py = AIEIUSIMAINMSEIUMIUNNTIAADUT
(I

P, = NMAMYBINBLADIAUNAITIU (Tne)

Tw = wssdearnmsduniunsadeuiiso

(TFU-LUNT)

G =  SMTMATINUBITTUUTUAEEY

v o= AE5U99ve9Ta (WRsHeiundl)

m = uwinvessn (lansa)

¢ = usaltuaiwadlan 9.81 (WasAIUT?)

ro=  Seflvesdesa (wes)

U = falseAviusaduanuiide
(eeiludenldan 0.02 [10]

G, = ANUAUMUDINIANNLFUIIETD
(WihRnsaluUIalEUNUSYAIALYAT 0.6)

A = iudivthdase (nawns)
(0.8 x MINNEITA x ANUNTNTA)

a= ANNAINTUYBINU (B9F7)

Amualiluaniigisaivindnussyn
SunAUUINING5a 1,000 Alansy neagauduInig
STIULALTUNIAIATU 15 DIA1 SALN9ADUDISD

FULUU 0.27 LIAT 1A1ULS7 50 Alalunsiadalug



RMUTP Research Journal, Vol. 17, No. 1, January-June 2023 95

(13.89 wassiedundl) lun1sduiadou Weruiam

wnidnuazidmewamestuildlunisindoui
ﬂ"']mmLLiﬁéhumumwaguﬂén (Fp) W34

FuNIUINGaN (F,) warwsslanieaindy (Fo) laann

aunisii (1), (2) uae (3) Muasu

Fr=mg, 0
F,=0.615C, AV 2
Fe=mg Sin A (3)

v
~

ATUIIBIIAUNITHARDUN LAGaT)

Fe = 1000 x 9.81 x 0.02
= 192.60 s
F, = 0.615x0.6 x (0.8x1.94x1.25) x13.89
= 138.61 s
Fe = 1000 x 9.81 x Sin (15°)
= 2539.01 e

Fy = 192.60 + 138.61 + 2539
= 2870.22 ey

ANUIUAIAIIUTINIINATTATIUNIUANS

LMADUNLALLTITAINAITANUNIUNITLARDUNTIY

v
o A

Toanaunis (@) wag (5) fail
Py = F, Xv (4)

Tw = F., Xr (5)

Asantglunisuseiiuanaaukazksadn
gegalun1sfnwiiife nssldudunistudssanu 15
p9AIMNTaA NUAlUANSERNLUUNAIL wayld

a v < a O =
WRBUTIAIEANLSIZIER 50 Alatunssatalug &9
gandderinunvesnsunisvudmnisun Tngivue
uninsasuglagaisegi 1,000 Alandu Aeiuae

ANUNTOAIUINAT NAIIUTIUIINAITANUNIUNIT

P

LMADUNLALLIITAINAITANUNIUNISLARDUNTIL

lanatl

Py = 2870.22 x 13.89
= 39867.36

o)
BQ
A

Tw = 2870.22x0.27

= 774.96 TIU-LURS

AuIiIdwewmes snsmaiesiivinlisa
ANsaTUNIEATY vnidewmesiniiiidesnts
T dlesenuuudnsmasiuvesssuutuniou
Indeduluiinemedivinfu 6.5:1 Futuasland

o a'

NOLNBSNABINITAINENNTTH
Po="" (6)

AIUUILAIUITOAIUIUNIAIUD LA DS T
faanishauintu

39867.36
m=" .

= 6133.44 T9A 1139 6.13 Alainm
6.5

Feawuzihlunisidenlduemes asidenly

97195p8a% 65 19100 VBINAIUDLABS FUFDNLY

¢ A

wawesduglinndesiu 8 Aladnd finrusiseu

2,800 59UAUY LHuAUASIvaIsfUwUY

-

2.3 NNINAHUEUITOULNITUUY
N1SNAFRUANTIAUL LUIBYIINITODNUUULAY

WAL SaRULUUIESY 9230 sadeUaNssaus

99450 WwedTumnauUNSNaaaUAIl [14] , [15]

2.3.1 maamzasvmﬁin'“a'q‘lﬁa]'mn'lwﬁfoﬂszq
uRazASs
Gusumsaaeulagvsauszuunnes L

W wdathsaludeminaninesiasund aundn

LURLHBIALNUA LAITUTNTEeEN19lUNITIVDIT



96 215871539 IN5UAZI0Y ums.wszuAs Uil 17 avuil 1 unsian-dguiey 2566

NIV 1 adslneyinnisneaeusiuy 3
aduiteniAade lu 2 nsdlide nsdnisduily
aﬂ’lﬁxﬁiﬂﬁ‘lj’mﬁﬂUﬁVjﬂLLazﬂifﬁﬁﬁ’mﬁﬂUﬁVjﬂ
Wons1uiednsin1sauUdeandsau Tngnns
sanuuulidanlduumneduuin 12 Taad 80

& 1

LL@@J{J—GIIEJ’NT\WLLUUQﬂgﬂillﬁ]o’lu’«lu 4 antwang

o
a o

nszualnihlidunewmesiunigs 1 47 Ansyn

wumAas 2 YAuTalauIEntan U ekazYn

wialvisadlanuang

2.3.2 NNEDUAINSIGIGAVDITA

Fevzvhmsneaeuuuauy luwunsu wielk
"LﬁmmLéaqaqmﬁ'Lﬁwﬁuaﬁﬂﬂaﬁwmsmaamﬁ’mu
3 pdaftomenadeddiduneunisnaaeudsl

1) $r5anumnedliduneuntsmaasy

2) Lm%&mqﬂﬂizﬁﬁiﬁmaau Toun wRn1du
181 aduwns waggunsaldudin

3) NedeuTUInANISIAIEATDITO fanz

sowa wazussnnglagansniendunise

2.3.3 NadauTunedy
Tnenisidenanuiiidanudulnddesiv

youwalunisnageu lu 2 nsdifte nsdinistudly

anmeiilidihmdnussmnuaznsdiiimiinussmn

Fannuaaudulildiiu 15 ssrlaeuszunu lne
funeunnaoussl

1) vssnumdnglasarswieudunisy 7
ﬁmﬁﬂmsnﬂ 500 Alansu MUNISERNLUY

2) negeulneBueansiatnauuiidaudy

3) nsdifisalalanunsatuld azvinsmeaou

wihntnussnnsaaunsadunsdula

2.3.4 N15WIDNTINTTAUUADINAI9UY
ndeyanisldndeaulni §33ela
AuensINsaUUFamdsulnilagldsnsian

Infrvesnmsinirdiugiinie ludnsinsldlaiiv

100 w2 7 fisesanlwimdlsas 3.6237 vn
feniae (Alililady 2565) antufuiamia
T luannzdinisusmmnuarlsiussyniwin Tag
nnsnegeunuin lunisudauunnes 1 adald
van 6 $2lus Tneldnszuali 20 wend wuindn
uanlwiinussann 41.76 vindensedniunig

PIFIUANDT 2 YA (YAaz 4 gn)

3. Naﬂqiﬁﬂ‘k’ﬂLLazaﬁﬂi']ﬂNﬁ
3.1 NAN159NLUUIATIAS19ANILAY

Iaszianuudanse
Tunrseanuuulassadrenissessutvin
A3delaldeanuas SolidWorks Simulation Wilo
nageuA1ANUaBnfY A15IEululUUN1ITEIU
adng (Static Load) TnafiAauidudiinainuse
WU AAAUTARNLSAdeu wazaLLAuT

Winanussdansemiulaseaing Aegun 6

SUN 6 NSIATILAATIFS1LNBIIATLAAAIY

Y 9

AUNLS UL LILNLEERAILALAINL T IO Y

GEGL LLa%ﬂ’]’]ﬁJLﬁULLNﬁG}QJQW

NMTIATIRALATIATIINUI

- gailiAnAnuduaInusdluLuILnugsgn
ABYARDIEMINNYUIUUAUVAITULATISH

- PfiAaANLAuAINusIdeuganfegn
ToronsanNand

- PiAnAIALLIDagIgaRogaLReaiy

ANANAIIULAUTIUGIER



RMUTP Research Journal, Vol. 17, No. 1, January-June 2023 97

Tun1seenuuukaras193alinisiasumdy
wHasIwaryinsauiiudulmAnAI LD I

NTUAIUAUADINTG

3.2 nan15eanuuulaseas1sfnIRInLaY
FEUUANNIAY
dlevnisesnuuulaseadiandnudaie
ssiunseenwuuitisaaudelnilnednsuwuy
19930 @n1euau Muszneulufie 2 drundnie

drudduanusnudunthuavdulagansnnouna

o
o '

TLUUADILD I URLINUTAAUBUY

De
>
et
2
ee
ca
=
=

M| PART NUMBER DESCRIPTION T
1 001-001 Main frame 1
2 001-002 frame rearl 1
3 001-002-1 frame rear R 1
4 001-003 Console 1
5 001-004 -1 Passenger seat frame L 1
6 001-004 -2 Passenger seat frame R 1
7 001-005 Roof frame 1
8 001-006-1 Frame front  body L 1
9 001-008-2 Frame front body R 1
10 001-007-1 Backrest passenger fame L 1
1M 001-007-2 Backrest passenger fameR 1
12 001-007 mirror base frame 1
13 001-008 mirror frame 1

UM 7 lnssadamdnvessaaudelnihssuy

v
o =%

UBIMRIANWRILITUAUAULUUTDANBUGY

29N UUITAIUE19EIUITAUTIUUUALABT

Beaulaegatey 4 Nau USUNURelngans

[

gy amé?ma'aqmuﬂqmzuumﬁumﬁlaw n
uagfivinmdiunansvesinsafindeyauoinesy
dmsuidufumdstundou Feanrsindeusinn
AsnanssnartaeluiSesvesyaguinansnavessald
(Center of Gravity, CG) vlFnnsdudvilamay

Ingdnasresaaudelniduuuudaandusun 8

3U# 8 uanssoanudeliihdsindenessuuneines

Irlfesuwuuiiaiau

AMSNYMELavAMaNTANIunAllAves

salwihdunuuiuesilaseaddaesiudasolud

. 508A1UNT119 1.25 Wwas Ja20ue17 3
wns uazdlanugs 1.94 wns

. fwiinsalaesau 593 Alandy vantin
U5IYNgaan 500 Alansu

« FUNUIRAAUGAIS IAAUNA1INIE T
J¥UEN1991NA 8NV UN19FNF I8 53
WURLLAS dszegritsaindenasludentn 49
LHURLUAT

. YULAAMDTAONEN 20 B9pN WazdlSATyy

v
o

W87 91NAAUINANTIIANINA1NTBIRO VI IABY
19 WU 3.1 1ueS

. STEYUINDINADUUNDIADNAT 2.15 LUAT
ANUNTIITDIRONET INYAAUGNA1NED 1.15 uns

- YAEURUAUgNadeniuazaands
54 WURLIAT AUNINUBIEY 11.43 WURLUAT

¥ v & a I3 v 9 I
o SzUvlUsNaanuIdufaAluTn aanaudu

ASULUSN



98 215871539 INTUALIVY ums.wszuAs Ui 17 avuil 1 uns1ax-dguigy 2566

o STUUAUELTDULALITUUTBISUTNNTINGD
il Idadnauss aevdaduwnuuiazldndn

« YAAIUANUBLADS 8o Curtis Tuina
1204M-5203 36V/48V 275A

. fudousiefdweawesaia DC aun 4
Aladnd 48 Tan finszualvaniing 104 A useln
12.7 faduns fimnudaseu 2800 rom Class H
fgungivau 25-40 ssAnwalToa Jvo
SUPEMOTO ju ZC4-48B 97u1u 2 éa 3elilae
wusmeivun 12 Taad 80 wanddalue 2 un yaaz
4 gn

. Snsmasauinty 6.51:1 Tneddnsnai
Aeston 1.25:1 fiawmesly 1.86:1 uwazfiilasring
2.80:1

- vssnnglaganssnaudy 7 au Riide
mmi’wmumﬁmmﬂmaaiﬂamﬂuﬁuLLUULﬁuﬁW

UITNBUEILARLUAS

3.3 Nﬁﬂ'\iﬂﬂﬂaﬂﬁuiiﬂuzﬂqiﬁU%
MsnadeUANTILE Wevhnnseenuuumay
Wannsalwihdunuuiaiaudiezisihnisaasy
AusInur1093n Iasinansmaaeudsil
3.3.1 HAaNINAFBUNAFBUsTEENeTisadldan
nsrsaUsEquAazass
vimsmegeulngfalssquuamelidy
withsalunegeumuanInn1saTasund aund
LusLADIazMNn WiTufinszernidlunisisessn
1nn1581§UsEq 1 ade iensufednainis
Audoamdaany fumsAuImMImgud (15197
1) lnganuan1snageyu nuindisseenislnalesiu
fuiildainnisdunamimaud Tnefifszozmng
Tuanmedlaifthwiinussn 46.21 Alawnas uasd
syogysluanneiithnlinussmn 40.68 Alawns

FaUNNINNNTUNITVUFIMIIUNAUALS

A15199 1 HANISNAFBUTLELNINLAIINNITVISH

< o
Uszqlunilenss
msnaaeuAtsi anmgitliiihinussnn anngitiiwinusmn
ﬁ'&"llil%'élﬂaﬂ FYUENNTIY ﬂ'J'WL%'JLﬂ'ﬁJU TEUENNTAN
@lawasy/iluy | @lawns) | Alawes/dluy) | (Glawng)
1 26 41.43 21 42.21
2 25 45.22 22 41.29
3 21 51.98 21 38.54
Adsnansnaaey 24 46.21 21 40.68

3.3.2 Naﬂﬁi‘l’lﬂﬁﬁ]‘l]ﬂ')’]llL%’J’sjﬂi!ﬂ’di]\‘iiﬂ 99291
AsnAdauULauUTULUYITIU

nisvageulneFauszguuames iy

v
=

wdrthsalunegeuiiielildainusiganiiiniu

a =~ 9 a
QPN Iﬂaumaﬂﬁ%ﬂﬁaumuﬁ@ﬂu 199N 2

= & da vy
M1T9N 2 Naﬂ']ﬁ/]ﬂaﬁ]‘Uﬂ'ﬂllLiam?ﬂiﬂ@ﬂq@ﬂ@ﬁiﬂ

MsvAdeUAsT dnmzaliiiminuiamn danmeiiiminusmn

(lawns/lu) (Alawns/ilus)

1 55.10 49.25

2 55.30 50.08
3 54.76 50.10
Fi’lLQaEJNEiﬂWSV\ﬂ'E‘E]U 55.05 49.81

INMIMAEDU NUIANULTIFEATLAN
aneisalaifiunussmnAe 55.05 Alawnsdedalus
a < aAa % o A
warfinduiigegaluaneivmdnusimnde
49.81 AlaASHBTIUS FINARANITNAGDU WU
salfdusuy awnsadsldninnnusagean Wuld

o w

ANUNANITAILINTUNNTERALUUIIN SELUUEINIAA
warAaNURvawanasAUMIiden (Ualna sl
wsslngegame 11.5-25.5 Sadumns vineun 1500-

3300 50UABUNT)

3.3.3 NANISNAFBUVUNITY
Tngnistaendaunniianudulnameeiy
aULUAUN1SNAFDUTITruUnANdulildniu 15

sarlngUszana (UM 9) Nsgukuunsivauuuse

Y

d

wWauazhuudnsussnndlagansnioudunise 7
Umdnussnn 500 Alansu aruniseentuu lagil

NANISNAFBUAILARNILUAISI9N 3 A9t



RMUTP Research Journal, Vol. 17, No. 1, January-June 2023 99

M15797 3 NAN1INAFOUANINSITIALGEIERURITD

T o o X -
NINAFDIUAIIN fAN13EN15VVY WANTINAFIUYUYTUNITU 15 B3

sowan o

30 way dunsy 300 Alandu o

50 uaw dunnsy 400 Alandu 1ot

50 way dunsy 500 Alandu o

50 uay dunnsy 600 Alandu 1 (Foudhadn)

oalu|s|lw|n|~

50 uay dunnse 700 Alandu aflet

3UN 9 nnaaenstuTsatumatuisziuay

B89 15 996N

MnMsvegeUTuMtuaTiiui fidaniese
Liflshainussyndu awnsnoendauuniaduld
fesowesifissinie) uazanedtiwinusn
509¥AUN5000NFIUUNITULA Arenslduenes
2 1 gty Tasanunsosudminld gegalsl
WA 500 Alansumuiieanuuy egrslsianuiins
vssntvnanniullenadssadeiadssninues
50 Wosanenavhlisandnaléined dldwusiily
UiinﬂNWﬂLﬁuﬁwﬁaaﬂLLUU"L%f
3,3.4 HANNSNSMNEATINTAUIUS R INES9TY

annIsvedeU nuitlunisusanunmes 1
addlddldae 42 vin fefulunisneaeuiuse
1159143 1 A ﬂizﬁlﬂﬁﬂf”mﬁﬂmmﬂ?ﬁﬁﬂﬁ

SYuEng 46.21 Alawss wasiiszasnialuaniiznd

v
° o

UINUIINN 40.68 AlALUMT ALAIUITOAIUINAN
o 1 lﬂl tdl v
NFUABNSLARBUNLAIN
E = 9n51n15aUUAInany (un/ny.)
D, = Syuyn1efAdoun baluaniizilall

dmidnussnn (km)

D, = syugniitpaouilaluaniiy i
dwinussnn (km)
C = alga1elun1svI5UUALABS 1 AS3

(vm)
nsallufiuminussyn

41.745

= E = 0.90 v1n/ny
. 46.21

nsefidmidnusInn

41.745
=—— E =103 vw/ny
40.68

m

m

v [

WelSeuisuiudauadnsinisauslaad

Y

[

NHIUYBITNAUADAN1BWAUAULUY [9] oA
Asaudenwdenudl 35 Alawnsdeans (51A0
Usiu® wer. 2565 dnsfuuialesed 91 ansas 35-
40 v) nundsasAldanendrnuilndideeiu
saanudeliiiduluvausavinaulaniu
’a’mqﬂizadﬁﬁaammu R RIGE R AGERGERE
ANULTILTsvaLsusanausuiunsas1e vinli
dlodnatraasalimuiymiifeatulasiaiesaias
TusenInensvadey dMsSUNANISNAABUEALIIOUY
saﬁmwummmﬁ’]mmL%’aqaqmlﬁmmﬁaamwu
fAounnda 50 Alawnssedalus agnelsfatuusih

o o

Trldarudadenannlunisdudildiionanu
Uasndy wasdiaussousfinnindlewSeuiivusu
NUATEB U Saa1udoolunUssasngay
waso1fing (5] safusadaudasifiauinuasy
Snvarlndidoetuinuii a1130711A5g9En
167 32 Alawnsdodalus dWoussynimidn 350
Alandu Tuvausdisoaudeanisudulniduuuy
annsnussnuvEnld 500 Alandu saudsluns
naaouislanisdudauisadunisduldse 15
99"

isedanunsoesnuuusaldiiulum
Formunves nsun1svudImsuniuszaalusie

AN [12] 1599 UseNANIUNITUNEImnIeun



100 215871539 IN5UALIVY ums.wszuas Uil 17 avuil 1 uns1an-dguigy 2566

309 Avuafdweswawmeslwihildduindeusa
AINNYNUIBIINIETAEUA W.A. 2563 Laud
anszddiatusaUsznnands aude “s e
eszyisasudsuiaudeuassosuiandoda
yanantuindousioueineslufindesdmdes
vowmeshiilddesndn 4 Alated Lazaiuisn
Fuindousalifianuiiigeanldlidesndn a5
Alawnssetalue” waz “do 7 voweslifvessa
aude 3 48 4 4o 5 wazde 6 Fesaunsaduindou
soluvaeiiidminsnsudindnussyn (Gross
Vehicle Weight) anufiguaninvuafieninuiia
geanmuiidvuludssnnall Ideideadunanlsl
flowndn 30 wiit” Fadusafuuvuiifinnumaneay
Tunsihluwaundesendely wWelduseloiasdly

BUIAR

4. a3y

soaudelniduluy lesuniseenuuuLay
Wau1Insaauaeanioual lneflauniasne
yolmasdn vuim 4 Alated 91U 2 67 59U
Adadu 8 Alatnd Fesanunsaviausiusy wieuen

v
a =<

n1sviuldetnedase Jueg

[

unselnanldany
solwiindunuuitiouefifsage n31e 1.25 was
817 3 AT Wages 1.94 1uAs LauF IR UL
panuuulviyuuaainafdeontl 20 8eA1a1U150
ussyniweinld 500 Alandu wazanunsolaniedu
16 15 99f1 91nMsVadevaNsIaus luanneiilid
haifnussnn wazanmediidmdnussyn nud
auisavausalagedn 55.05 waz 49.81
Alawnsaotilug yudsaunsaduindeuls 46.20
40.68 Alawnsions ¥153U5eq 1 58u lnedigns
dudenndanuldfinusruia 1.03 vnse

Alawmsidloussyniiudiia

5. ARRNSSUUSSNA

nuideilldsunuatvayuainsuyszuim

q

seldnugdmnssuaans univetdeunalsay
Usedteudseann 2560 uazainAudamuTIuile

ﬁUﬂ’]ﬂqmﬁ’Wmii&J UANINYIRYUNIAITAY

6. LONAIID19D

[1]1 T. Samsri and E. Phaisangittisagul, “Optimal

real-time PEVs charging scheduling for

enhancing  energy  management by
maintaining power system peak demand,”
UBU Engineering Journal, vol. 8, no. 1, pp.
77-90, Jan-Jun. 2015.

[2] N. Coovattanachai, “Hybrid and electric
cars,” in Research Community, Bangkok,
Thailand Research Fund, vol, 14, no. 12,
2008.

[3] K. Meukdang and A. Khampinit, “Electric
Tricycle by Double Brushless DC Motor”
(Bachelors dissertation) Bangkok.  King
Mongkut's University of Technology North
Bangkok, 2014.

[4] C. Yiangkamolsing, “Cheapest powered
personal electric bike,” Thailand
Engineering Journal, vol. 65, no. 2, Mar-
Apl. 2012.

[5] T. Ruangrungchaikul and S. Aumkratum,
“Multipurpose  three-wheel solar mini
truck,” Thai Journal of Science and

Technology, vol. 8, no. 2, pp. 200-211,
Mar-Apr. 2019.



(6]

RMUTP Research Journal, Vol. 17, No. 1, January-June 2023

H. Mazumder, M.MAl Emran Hassan,

M.Ektesabi and A.Kapoor, “Performance
analysis of EV for different mass distributions
to ensure safe handling,” Energy Procedia,
vol. 14, pp. 949 - 954, 2012.

Energy Policy and Planning office.
“Electric infrastructure development plan
report to support electric vehicles in
Thailand” (Final report) Bangkok. Ministry
of Energy, 2017.

C. Yiangkamolsing, S. Channarong, B.
Yaothani, P. Sasawat and V. Katikawong,
2019, “Developing a prototype of a
modified electric tuk-tuk by the Thai
Electric Vehicle Association,” Bangkok,
Thai Electric Vehicle Association, 2019.
Piyapat Panmuanga, Taweesak Thongsan,
Nuchida Suwapaet, Juckamas Laohavanich
and Chonlatee Photong, “A Novel Dual
Motor Drive System for Three Wheel
Electric Vehicles.” in Proceedings of the
6th Engineering International Conference
on Education, Concept, and Application
of Green  Technology,  Semarang,
Indonesia, 2017, pp. 020019-1 -020019-8.
A. Sripaphakorn and K. Theachakittirojna,

“Electric vehicles: Basic and Design,” 2nd

[13]

101

ed, Bangkok, Chulalongkorn University
Press, 2013.

P. Sankasem, “Automotive Engineering,”
2nd ed. Bangkok, Top press, 2014.
Announcement of the Department of Land
Transport, “Subject: Determining the power
of electric motors used to drive a vehicle
according to the law on automobiles B.E.
2563,” The Government Gazette, vol. 138,
Special Part 25, Feb. 2021.

K. Areerak, “Speed Control of Separately
Excited DC Motors For Electric Vehicles,”
(Final ~ Report)  Nakhon  Ratchasima,
Suranaree University of Technology, 2013.
T. Suwanprateep, “Automotive Enginee
ring,” 8th ed. Bangkok, Vitpat press, 2008.
W. Manotrakul, W. Theansuwan, P.
Hemaratmonatrakul. “Designing  of
prototype electric utility vehicle.” in
Proceedings of the 28th Conference of
Mechanical ~ Engineering  Network — of
Thailand, 15-17 Oct 2014; Khonkaen,
Thailand 2014, pp. 485 - 492.

Polwat Praipaisankit. (2021). “The result
from Simulation”, [Online]. Available:
http://thai-solidworks-simulation.blogspot

.com/2016/03/simulation-part-25.html



102 215815591568 598 ums.wszuas U 17 avuil 1 unsinu-iguiey 2566
http.//journal.rmutp.ac.th/

' - a o wa Y v o '
viugudiaaaunonludnlaenislinaasssyiumus
uiana davgan*

ANEIMINTIUAERS U Inedemalulagsvaenangimm

2 OUUUNALD LL?J?JVjGNW’]LiJ"ZJ MIREINT NTUNNUAIUAT 10120

sUUNAIN 12 n9141M3 2564 unlyunaam 17 fuipu 2565 noUsuUnAIM 20 W18 2565

o/ 1
UNAnga
unanuiihauenisszyiunis Jaduisidedelalunisssydundslagduvesiusudlaeldnis
Uszanananm Fanunsalfuuamamanideainisyuvesdiinunsldedafiussanganmedueeingadu

o ' s

wauazinszey (LIDAR) dwiuvusudndoufisnlusi@ susudfiansaniusens Ussnsusn iteandywndl
Aannnsidsnierusuidesnaudsufiansnaiadend Tainseenuuurusudindouiilaslivusud
annsaAsuiamdaglidosiadsmaedoud vsznsiiaes dnmsliidumesamatuuaues inszerlu
nMsnsaduingitegsumimusudindeud e liiusudiiauaansalunsvaniaesdsinuinsls Usznsi
a1 lauelifinmanaunudumalaglddaneTBulunsiumamaundndsfiavaenninzusuludsuaenisly
anmuadondilaiddnle Usznsiid weusuusassavsammsiedouiisyuuaansaussinanauuuiiui lag
T¥nsdeasuuulimesianuBangujusudanunsnindouiiliogdaszunnnitlias qavenisuiuused

Juldldfensiiundesunnnimilesi Jsazanunsanseuagunisiafoufivesiuedlaninaunnty

ANEATY : N1TUTEUIANANTIN; SEUMUILS; usURARou

* giawusussame ns: : +669 5424 6615, luswildaianwseilng: napassadol.semail.rmutk.ac.th


http://journal.rmutp.ac.th/

RMUTP Research Journal, Vol. 17, No. 1, January-June 2023 103

http.//journal.rmutp.ac.th/
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Abstract

This paper presents position identification, a reliable way to identify the current location of
the robot using image processing, which can effectively improve the avoid collisions of obstruction
with a Light Detection And Ranging (LIDAR) sensor for an autonomous mobile robot. In order to further
improve positioning accuracy. The robot under consideration has five functions. Firstly, to overcome
the insufficient accuracy of posture when a robot turns, a mobile robot integrated scheme has been
investigated for the mobile robots with omni-wheels which can make fixed point turning, so that the
robot position remains fixed in the process of changing the direction of motion. Secondly, an
additional sensor has been used to detect the object in front of the mobile robot to improve the
system that will have the ability to move obstacle avoidance. Thirdly, an algorithm is proposed to
feasibly plan the travelling path and avoid obstructing from its initial posture to the destination in an
unknown environment. Fourthly, in order to improve the real time performance, a wireless network
is more flexible than a cable that allows mobile robots to move freely without any failure. Finally, a
possible improvement is to additionally more than one camera, which usually covers a larger area

around the robot.

Keywords : Image Processing, Position Identification, Mobile Robot

* Corresponding Author. Tel.: +669 5424 6615, E-mail Address: napassadol.s@mail.rmutk.ac.th


http://journal.rmutp.ac.th/

104 215871539 IN5UALIVY ums.wszuas Uil 17 avuil 1 uns1an-dguigy 2566

1. UM

$3UUNM TNV UBUALAG BT SaTush
(AMR) fitfaduddnyiidasdiads loun 1) iueud
U130 TEYFUMUILAT YNNIV OIRULEIINT AT LAY
lugsanemsiidoanis [1] 2) Sane3sudildlunns
Nauslivjusudindeuiluggamneg 3) guasseds
Anvnamaiuveueus

viugudazannsaindoui snlusisuiudos
FEUAMNUIYDIY UHUANADALT UNIILALII89Y
anugnsaidanadonluvas Aumaldiazanse
feaamnelfogieUannsdts 2] msadiaunuiisiass

WialivuguAnswAUmaNn oAz aNavINY o

Turauziiune Jadudeddgievanunsaviliviusus

wisuiluggandensuiiluanmwindeuilimnanla

[3] A15AIUANNITLAT DUTIVDIY UBUALLAG DU
galud@ludilarenisdndudesesnuuuidnisiu

wagnsuvimsvenfusuluvae iy Jedrinisesia

a

wazguassadunidlasseuiilianunsamamlaiduds

° =

AosrilsiuierilvivusudindouiiAundumeia

SL

a =

figpuazigamngldiognuannie susuinsaus

Susiawssuneudmuduanauienuindu fey
MsiaLganeIsuiieTaHUAUN1NSAUN1UDS

viugud Ja0ud i imedmiuiniauny uousd

a

\nAouionlusl® [4] noduusianundidesdslule

o oA ¢ v

viusudludeyadAgiivusuddessunsunioudy

5] Ineiwuigesagimiing asiaaeunazdstoyadi
vugudAiesnsvsuiietlulszinana wazauay
vugudliianu madenlfiwuweiududsiang
Adadsazidenldliinunzaniuaiuienisves
A (6] Tussuuihmsvejusuiindeuiisnlus
duwesamitorldun dminiun Twdaaud uay
fumush uenaniidaanunsalinaauiuasdeyady
Aaandeuining [7] lumsaissuuyusudindoud

FRlul A 9INIIVADIUNITA UTTEINATEUY 9

Wasulunaeaian [8] NM3UTTIIANANMAINTD
ni1udeyaanmuinaeulagldivuigesiiesdiinied
Tngdadeannsalivdnnisuszaiananmyszaiana
Wudeyanaqaunsaihamldwmuivszaanald
anamanvanen i ingUszasduesldann uonaind
viupusfesannsastydsinuneuinamusuidyas
Inedueitndudodianuenuazideauasiinn
wiugnas [9] venseeveTeniyueuiLazgUasIa
frnamadu fduunauiiiniauenslindoatu
wansimgni el uduiweslunisseysiumves

A

viusuddmiuiadouiinielueims Anliusnmgs
wensvusuikazasdy i ldtlilasroulvsaaes
LATEINIONAUNENAIRAY9INAIATIVADUR 28
LDAR 1819 nszydsinuinslnegusradnuaslals
Judedrdalunisnsivdey iwudwasaiunsaven
JEULNNTENINY UBUA LAz UaTIALA B8 19U UEN
NaNNIIN1THI9UYeITEUUNG U ug LT ndn
Uszananann Jinsigdiauniaiueudluiui lag
awsaldndesivuausiagn uuszanananiewen
Fviupud uagdsdyanarussuulTanedig Wi-Fi LU
dalulasreulnsanosiiiuaussdiunandludvugud
lasunsu ibiaanisldauninensmieyssaana
nansvedlulasaeulnsaiass wazn1susEaIaNanIn
anunsavenszusumsldsInga wevhamils T

AT UL UAnaeANSIALNTS

2. V&0 qﬂnsm WazASNI5AY

A A ' I3 a a
ER o L lussuun ueumLAd ouf
DRLUTALAA DUN VLRSS 8 TASIAS 1908958 UUY

wusoamdu 2 du town 1. syuuUssuiananIn

o o

szuugnBaegiuiiiievhmsszyiumiseniusus

13 dl al

2. STUUNUBUALAR OUT ﬁumuﬁuamusumw

q

v

a11150LA8 9 UN bUTIIanUNsUate N1 Auale

q

a o

melussuuaziiagunsal wagniinil dadl



RMUTP Research Journal, Vol. 17, No. 1, January-June 2023 105

2.1 szuuUszaanNanIn
nsUszaananmlagazlindesineninain
173 Nufifindosmaaiu azgnaiseanuniy
sUnnlagszyreuien wazvuniiuiiduteys
Ainlga il efvuadumisifavesiusudidue
Win 2 07 gUnTalveeszuuUssalananIny
Usznounae 3 @u laun L.adeaiuuay 2.57u
nded way 3.Aeuianes lngndauiuuay
LOGITECH HD C525 1600x890 RGB24 31u3uLnsy
30 fps finthiivufinamnsedeuiivessa uazi
amddlulireufinmesuszmanatiioszysumis
nadeuiivessn Tnsndesazgnindalifuuuiis
ANEY 1.8 1UAT ANEIRziNafaAINALLI YA
YUIANALYAVBININ TLUUILANNITAATUANNIT
\ndeuiivosiusud Wegudnuunsimmualsi

Y o

VAU 10 LURLUAS Laafandaald fasufl 1 vile

Y

veafiuanmndolnsseuiivusudindoud Tag
nd09 1 W7 9zATOUAR LT UTluIA 216x122
LURALINT

TunsUszananann vusudiad oufiaasl

LANANWA LANIZLW DLW AIUITALENB NN

o

anmuandeuldlay YusuAinunand@miduung

15x30 wufuns Anlifuuuiise Asgui 2

2.2 M3sLYNNRiuEU

VB IANSIUA AUV IR ULDIMISENRINGNNT

B = o [ Ao v o o
wisui N1sszumuniadununddgdmsunis
U198 UeUG AT BUNA85EuUSRlul Ay

57X

P l v A o v A
ANNWINAOUTLUSTN [11] NSITAINLA BV 1IN

Y

Tidayadmsunsindeunivesiueudazinling

v
=

- - ' 3 ea P
\wRouTveusuAaLYsalEe [12] Tuanzuasi
WinzausruvaInsasui Yeyaninsiaiiasly

an1muIndauiii oszusuny s muneldagng

wugn [13] AN51N9IUYBISEUUNISUSELIaNa

JUT 1 nRpaseysiumile

3U# 2 yugudindeui

A SndudoadeulusunsuiileUssananainam
Ainsresisrysiunaiusud tnssruuariitunou
nsvhau dsildun « ndesiuuamasdoudeds
Toyanmiidoldidmesfiunesuiuane USB e
VIN1TUTEUIARANIND 18UDIN UBUA WS TEY
Fumisnsiadeuiivesiusud n1sUszIaNanIw
axl4lusunsu LabVIEW

NUIBUTTUIANANAN : ABUTNUABT ALY
AMNAINNFDUTULANKALZIINITUTEUIANANIN
Wiosrymuvsveswusudlunmlngduneunis
Uszanananinagd 5 dunou el
1. YSumnuadnawasn mlimunsaunuan nuas
Usnaulaeseulaguiudn Anuadng anuaudn uay
uANIN (Gamma) Wlelsinmmeafiuvususdlinudn
Ty
2. Threshold Uuanmadusuusnsusudeanan

Fannaaulagsau lngUSUTBULUAANSYUURUDILEY



106 215871539 IN5UALIVY ums.wszuas Uil 17 avuil 1 uns1an-dguigy 2566

(RGB R: min, max: 0-255, G: min, max: 0-255, B:
min, max: 0 — 122) Tiliung 32 99 ndentaldu
mulvdivue 2 Os Lﬁaﬂ%'umwiﬁagﬂwu%ﬁunﬁ’l
3. fandssumuuadniidunaesenaintuau
4. ¥nsszyBunilasihnduiuuinisudie
funmdtldannndes Inevhnsiuieuiisuaining
Ad8 YD A NA UL LT ATNAINTiNd s ld
1 19Be3UNTe AUATTUIAVDITUNY  LERITILIY
%umuuazﬂizmamaizqﬁﬁﬂL‘f]usf%mu'a 2 4§
(XY) Yugud i oAszysumisluaiununig
\nd s Ui o9y usudLAd sufilnodadoyalyle
lulaspoulnsalaes
5.N15ULAASHAUUNL190ADUN ILADS LAAINTBU
Avdsudunsseusuingfiduls uazuansruazsyy
ﬂ'1si’wme@m@uéﬂmwaas?jyumuiugﬂéhLaﬁuﬁmﬂja
LLamé’fﬁgﬂﬁ 3
LIYINA  NITWAAINATEUAILNU VD
YUBUALAIINNITUTTUIANANINIINABUNNADT L
gndsludevesalulasaaulnsaiasy A usn
UT2100HANANYBITLUUY UL UALAG DUT Lay
gl¥uazanmnsadanaiunginssunisiadeudi
YOI UBUAKTUIBNB TN OT luARUNILAET LU
Usgaanalwnsiuriui Lﬁ'aéfmmﬁﬁ'uﬁuﬁauqm

N1371191UYBUEUA AN 30T UIUTUNTUIIN

ABUR MBI LA

2.3 szUuvuBudiaRaui
nseenuuulasusudfidesiileis vima
nMaiedeuiivesjusudnaennsiiuna nsiasy
femsmsindouiilnenisideroravinldianianis
muAmusuAlUAgulUINAY defifidnvusiiay
aansovilijusudiuasufiamaldegnasuiuain
nsindeuiiludrmiuasyiniswdsufianady
Frudreniovlddasy nglidesihnmades ns
\ndeufivesjusudfanaasyiliviusudaunse
Wasuiirnalaedidumiaasd andymnisiing
e Ssonvasiituiisninlianunsolis
wlunisidsriusudld vinlsidalunisaunulsl
Wasu wazdudeliiuiouinnnitnmsaeimse
nMsdgngilfidsna uagilisumistouns
Beuazndinsidevenususeaiaiadeuluan
i Inelassasnajusudindeud Usznauselase
wHuagdieuilin11und1e x AIIULTT x AIIUGS
WU 32x48x18 LUURLAT
nstuid ouvewjusudlaglduunness
12 Tyadt \Huunasingliinszuanss ifugunsal
el vednlulasmeulnsaaes wuwes TFO2-Pro
LIDAR U83ATULOLAD3 uazUowes lnuuslnasazll
Favma 4 # ustagshasdeuiniu dovesiususi

TywnduRuAugNans 9 lwuRlImg

UM 3 MsUszananan Iy

UM 4 lasejueud



RMUTP Research Journal, Vol. 17, No. 1, January-June 2023 107

2.4 msvielussuujusudiadoud

'
¢ a o

Vusudiad oud snlusdd 1Ourvuoudi
Fyanaanieuees 1ensafaninuindesly
sULUUs1eY wazhandilsanieumefaiaiouly
Tun19iad oudl Yususdiad euiuuusmlulid 1
dautsznouiidifny 3 dau Ao mihesudeyaidn
(Input Unit) nuaeUszulana (Process Unit) Lhag
NEkaRINa (Output Unit) LLawjusJuﬁ%m?{auﬁ
Tupudmaneg Sududesnsasouduniaiiessy

AnU0IV B UAUMLLAS oUT LUGIAR 19 AL

=)

o

UEJUG%UGEJJEJ?,I‘Ja"\]ﬂﬂ‘ig‘UU‘Uigu’JaNaﬂWW HaENINy

P

ALAUIVDIAULDINADALA UNIILAS DUNIUD I

A o
wnenninue

2.4.1 mize3udaya

w285 U3 A1895E VU UBUALAA DUT
arvaeuanmwIndeuiariudeyaluniseiunu
sTUU Yusudladouilazlé¥udygman svuuuas
gUnsaiseil Lsvuutszanananw 2. ueslad

'
a A

2.4.1.1 NMSNAUNANFINAVIN
Juduog198 97 v ususLAd out 936 03
a1unsaLad oun beagnedaseluaninwind e

Anva19 nsnsavdusaznaundnguassadutym

o w v

Adfguazyimefidesfionsanluszuunsiims
Tijusudindeufiensaensds fimstiausisnis
#199 Wowddaymnisnaundndsfinvinasuges
lasaunsauenszeysinesendneinn i eg i
uinasuniisueslasUdesadulndidedsd
Suslsusaiiensaaeuingfifiavidluuinadivh
nsnsRdeuiiovaunandainunald fvunszes
Tumsnaunandsinunafussovinssewinajueud
\elumesnranuasinunedidszezvinsdosnin
10 wufiuns Tiusudindeudiudsuiinainnis

a o Y v g ¢ v P
wwasui lUsuntdualanmusnu

2.4.2 viguszaana
MINsuNLEUmMd MU usudiad sufiay
sudunsiftofmunidunsnsindeuiivesiugus
faud Fuuaufislanens fedanesiunsiedeud
voujusudlugULUUAetY Sane3Bunsindeudiay
sk Ui efvuadumnativsnga
Tiiuvusuiysgildmnesgsaendy Toyadius
anuzdunavirvin i fuuaraguvesdanys
a01uy (FILRUY NN LLas?)'us]) Wiunualu
gty MnduAdunamantasgndsudidaneity
nsauRULdu i el usud faduleiunu
fyuaviin1ensiAd ouivesvugudaIngaE s T
Muualgamnelalenia IUsEaIAnanyeInis
Nausudumsdeiiothmsiusudlugitmnelag
nsumiatagiuvesiusudiad ouii i dusius i
fuisUanema sumistiagturenjusudindeu
Tngasfidunounind suldsunsuniuauyususd
\douii[14] suvisvesjugusildouiuazsiuma

Uanemalagldmniwedei:
[(Xd - Xo), (Yd - YO)] <+ 100 (1)

Tnedi

Xd = furtsmanemisiinivue s X
Xc
Yd

UMY U UAIALARZ IS X

AWAUIUAENITNAAUR A IWAUT Y

Ye = suniivaeiusuaidlaaswumia Y

2.4.3 STUVINMULUA
ﬁuﬂucﬁ%mmﬁaLﬂ?{auﬁlﬂé’dqmwmaﬁﬁw
VUBUAANITOTLYMUMLITBINUBY FANNLING BN
a0y warsrargamuIeUaenad imun et
Msvinuvessruuimesududsmsiusunyaly
mmzﬁﬂduauﬁﬂﬁ'auﬁ' (Xc, YO) naoalduniaLh uan

fundstaguy wavsuniaganungUangnieves



108 215871539 IN5UALIVY ums.wszuas Uil 17 avuil 1 uns1an-dguigy 2566

Vueus (Xd, Yd) ﬁcﬁ%’muﬁadmﬂﬁ'vjuwﬁﬂﬁn
v i oad1sunui lunisiad eufivesusud
vaNMTERNLUUNTIAA DUTivRM uEUA MU
yadumsiueus lnsUsenaudae 6 do feil

1) iugudiad oudinslusumiluiiang
unu X el mnsuazvusudindoud (Xd - Xo 7
Anduuan

2) yjusudind euiinsslusundslufianis
unu X el mnsuagusudiadeud (Xd - Xo
fifnduau

3) YuoudLad oufi luuudunL X 9unszis
T3 9EVTENI NI Iva Y usUA LA BuT Loz
mundadmunedesndmiawiniu = 100 finwa
Mmiwjusuiasngamandeud ieidsufiamns

4) Yiugudiad euitlunedurnideonaves
seggnaluianiawny Y sendnadnunouas
vusudlaeud (vd - Yo) fanduuan

5) viugudiadoud lumasnudneid enaves
syegnsluiianisunu -Y ssudnadimuneuas
WuguAladeudl (Yd - Yo) fanduay

6) wusud aziad oud Wlunuaunu v
UNTEH 15802 Y 1958917 19IULNL 989 UL UA
\wdouiuazdumisdmnetosnimiewifu +

100 ke MaIINTUUEUAIENEANITARDUT

vanewme;: Svususilaedsinvnmiusuday
ynsnavdsinrsaodsufianisiadeuiives
viuguddadl

1) Yugudaziadeuiandumiiduduen
dle (Ym - Yo) fidfuuan

2) ﬁuaum‘wﬁ’lﬂﬁm?{auﬁm?{ﬂuﬁm}’m
srunidulusudneg e (Ym - Yo) fienduau

Ym = fumaan Y Asnanamisundes

densaliwudsinunamjusudaziadoud

Waguialuauminauninagdganmyrun

3

2.4.4 @i

nsfumdusliugudiad ouiAuma
datmaneedsasasudutefuuadosdy
Y9INIAIUANY UUALAG DU S PlusTRN 5T sAY
viAnai ol ususiad oudildot1sgnd sl
anudusiuslnonsaiivi i uoudiad eudi g

WrneNsesnshe

M13°99 1 NIMIUANTAN YD UL URLAROUTN

i uaLnas
A157197U = = =
KU1 wag Ligld] U
- High High
LAUNUN Low Low
(cw) (cw)
. High High
ARENBN Low Low
(ccw)  (ccw)
- . High High
LU Low Low
(cw)  (cw)
- High High
LAUYIN Low Low
(ccw)  (ccw)
nEo Low Low Low Low

31NA1TN 1 NITATUANAITLAR OUT VB3
' ¢ & 'z v o A Pt
vugudiduilandu Jsduviminisiedeuinlugluuy

w199 TngazmununTyUveseined 4 i Afneg
fude 1l olviv usudiad eudt lugutmanels nng
\ndeufivesusuisznaude 5 flaidu Tng High oy
LA UL NBLADS Y Low Aouainedlainyy
CW Aeusimosvyumanduuniing uay COW uaines
vyumudiuing mevhandldun ndeuiludumi
008MAY AU kazYI Uazngn laeazinig
DONLUUAUANNINUTRIAE 4 F lasiadouiifie

< a Ia =)
AMULIIUTEUINU 30 LYURIATHBIUN

2.4.5 MINNUTERINTEUUNSUTZUIANANNUAS
FEUUWUEUA
N3MNUTENINTZUUNTUSTAIBRANIN Wae

] s A S A 1 o A
iSU‘UV!LlEJUGILﬂﬁE]Ll‘1/|’ﬂga@ﬁ’]iw’]UiSUUﬁiyliUu’]MWI-Fl



RMUTP Research Journal, Vol. 17, No. 1, January-June 2023 109

wuuldane Tnefinnsdeansszning aeufinmeslussuy
Uszananann warvasalulasmeulnga taesldidy
‘vm"gaﬂﬁzmawaﬁm%’uﬁuauém?{auﬁ Tnedunannng
yhanudsil 1. usuisansand oudlsnluioy
aelufiuiifindesaunsoneaiiu 2.ndoshmiiad
drenmaslusinaniinnesiiiolinouiinnesiiings
Ussmawam‘wLLazisqm"m,mqvjuﬂuﬁl,ﬂﬁauﬁ 2 3
(X, V) ndsa1naaufinnasyinisssuiananiniiie
TEUAIUNY 9V usue 3. Yoy avzgnaslv
lulaspoulnsaiaesiuduaauuulians fieaidy
Fy 1B UNAVDINTRANWUULE U UAUYBI LB UA
‘Lﬁmmimﬂé“auﬁmmwmﬁumalmsmmmuama%
Tivugudindeudinusane3suiigldnusenuuy Tu
FEHINNMAAUN NV UBUATTUUUTEUIANAN N
ynsUsTInanaduiausudieg s aLileq vinlol
mwﬁﬁ’ﬂmimﬁauﬁ%m'uwﬁmamnm wazile
ViusuARTIINUAAAv U AU Yususazsi
N15LAG BUNAUNANE 971219 Laztiunias o1y

Junseisusudefounfndmaneiimun

a
yasudy
ettty S — 1
1 ‘i:ﬂﬂﬂ‘i:u]ﬂuﬁﬂ'lw 1
! i
1 ) 4
il naes M newiiunes | |
1 1
1 1
1 1
L ——¢ —————————————— ?--v-l--l <
AT HITTHEUR
—————————————————————— =

szuudusudingani
hd

Tulnsaeuinsaaa’

1

1

1

1

1

A ) A%y 1
AADS 46 [ DANDIBUITUNMI 1
1

1

1

1

1

1

i]ﬂ“HNRﬁJﬁ'IHﬂN

3UN 5 szuunisviiny

3. HAN1INAADY

NINAaERUlABLTNANNAITIZUVUTZUIANE

N AIVUAALSUAUTUANFIY 4 90 D A6, 17),

B(115, 20), C(4, 203), D(115, 199) lasdidnuney
IﬁﬁuauﬁLﬂﬁauﬁlﬂé’qu%nmﬁmma 7(60,108) U
7 6 annsmaaey erusudlunelidums
Waau 19 4 ¢ SEUUUSEIIAHAN AN T0TEY
AUV LB UANADAE UM LA uRasaLUEq
lulasaoulnsataesii evad vl ususdsluda
avanefifuuald ansnegeUN1IIAd DU Ve
vugudd olgas udui wandnafy uavueud

anansainfounIAvINeNiIUAlaLaRIRaguR 7

Awy)

Trajectoty(cm)
n g
=]

o Z 1
0 1000 2000 3000 4000 5000 6000 7000 8000
Time(Seconds)

< x

S5

B(x.y)
120
10

100 N
20

w0 3
ol
60

50 /
40 g
30

20 /

10+ g
] 1000 2000 3000 4000 5000 6000 7000 8000

Time(Seconds)

Trajectoty(cm)

JUN 7 IMsinfounvesiusuin1snnaesi 1



110 215871539 IN5UALIVY ums.wszuas Uil 17 avuil 1 uns1an-dguigy 2566

XN
Cxy) Y
220
200
-
180 \\
- 160 \
G 140
2120 \L
2]
£ 100
g
2 g0
T
= 60 ]
40 7
20 -
0 |
0 1000 2000 3000 4000 5000 6000 7000 8000
Time(Seconds)
XN
D(x.y) Y
220
200 \
180
£
%160 \
© 140
g Y
8 120
TN .
= 100 ~
80 \\
60
0 1000 2000 3000 4000 5000 6000 7000 8000

Time(Seconds)

] ao A .:4' ' ¢ .:4' ]
31.]% 7 ’mm‘iLﬂaaumeﬂ/juEJummivmaaw 1 (s@)

3.2. NSNAFIUN 2 NISHAUNANFINAVING
e UusuAduIMIaunanasin

INANUA 7 1 IATUAUFIUILS AB, 117) Uag

a

ansng C(108, 203) Aeguyl

JUN 8 duvlansviaunanguuuuil 1

< x

BB

A_Obstruction(x,y)
200 ‘ 4

180

Waguiiameauda

o]

2 1
T |

= 60

o] LS

L

tesninaedainving

anuduiiosni

0-+ T T T g
0 1000 2000 3000 4000 5000 6000 7000 8000
Time(Seconds)

5UN 9 nsimdeunivaunanguwuuil 1

nMsnnEeUASd 1 vjww?v‘i’mmﬂ?{auﬁmq
Tusumiudl e usudnsranud sfiavnseg uim
N9LAY mmgﬂ‘ﬁ' 9 ¥aaanUszuIm 1-3 U
VUBUA A1 TONAUNENE 97 AY19 20x20x20
\WURLLAT LIMAEBU N3IMAT Y 92l n151UE U
winduanida i esninyusudd sufianisns
wasuiiannnsiedeufilusuninudsuiadugi
Froie orn X egludumisi fvun vusuday
WA sufi an1anisied suil s eulalusunsunis
PONLLUY 8anadou

90 2 qaiSududuvds B(12, 200) uay

a (]

ANUEFLILL C(108, 203) ﬁagﬂﬁ 10

JUT 10 shundsmisvaundnguuuui 2



RMUTP Research Journal, Vol. 17, No. 1, January-June 2023 111

B

B_Obstruction(x,y)
220

200
180 /

P
40

20 f/
0
0 1000 2000 3000 4000 5000 6000 7000 8000
Time(Seconds)

UM 11 Mmsiadeuiiviaunanguuuui 2

nsnaaeunsfl 2 usuihnmsiedeuding
Tusuminilevusudnsaamudafnvanseguiim
N9LAY mng‘uﬁ" 11 929na1Usguna 500 -2500
fladiunil Yusudanunsonauvanasinuang nsl
X Yqgfinswasunlasdanasanniduiiedain
vugudlasufiamanisindouiionnnsiedeuild
suviasuieduiurnde@anas) e X
oglusihumadifuun vusudaziudeufianianis
indeufinuieululusunsunisesnuuy edang
n3 e Y Tnesjusudazidd suiianisiad oudi 1y

v 13 '

musma(ml,ﬁm‘fu) F9L3a1U5818d 2500 -3500

fadundl Wemdeuddludanmnedinuaniy

AseanwuUsTULlnegalasnsie

3.3 N1SVYIYNUNNITLARDUTN
L‘fJumstﬁmﬁuﬁmamwummauﬁiﬂ,mLﬁm

° vy o & 4 A
unasadu 2 i oranweiunlunsinaounves

1Y al

Yuguiasuegiv seAunuguuaeasidenves

Y

Y 1 s = - & dd v
nasy Imavguaum%mmmLﬂaauwm&ﬂuwuwmam

v

ane3Ulel Fenuilunisied oun vesyueusonalyl

v '
|

mamqmwuwﬁwmﬁéfaqmﬁ AU UNITN NI U
Y = @ A & & A ~ & 4 °
nansRsdudnmaaenuilanaunsatiununLas i

Tivususedaunuiiuiiniwnniu

3UN 12 sregrineseninanaes

savualigaisududugaainndesd 1 uas
gamngUatemadugaainndesdt 2 senang
mafuiusudiadoudly sgnudsinuinsuin
20x20x20 WwuRns luitufl ndosiil 1 wazndes
f27 2 Tnerwualinisnaassi 1 qm?m’fu‘ﬁ' 1
FAWAUS (7, 16) (NGBIFIT 1) wagaanueY (108,
203) (Ndawil 2) Tnendosiafl 1 uazuazndossii

2 miilsagiivesiwineiuuiinusesse fsguil 13

\J

JUN 13 M3lafeuiinged 2 67 JUkUUR 1



112 215871539 IN5UALIVY ums.wszuas Uil 17 avuil 1 uns1an-dguigy 2566

e
=
v

v

UM 14 mMsipdouiinges 2 /1 JUWUUN 2

MsnRaesdl 2 WasugaBudulunsiadeud
winmuagalateliduniaiy lngseninanis
\Ad ou Y09y UL LAG B U 9z WU 1R AYI1
20x20x20 wufiuns luuiindesid 1 uazndos
#ait 2 Ineimualinismeaesdl 2 gaisuduil 1
fus (14, 201) (NAo9sai 1) uaryAnug (108,
203) (ndesdiil 2) faguil 14

MNHANNINAADIRIFUT 13 Yusudladoud
MngasufuTlovusuingIINuARavausud

LYNNNSUAIUNANIINISAFBUN N5INAN Y Azl

v
' =

Mgy Tuginaussana 750 fad3uni ¥8eain
Wuusudagyinsiiuntsiely Weldsvesmslu
WU X ALY UBUAIZLUE BuTIANI9NIT

WWABUN duAeIa1UTTIIa) 3000 Tad3un?i nsw

Cam1_A(x,y)

110

100 / /

90 T 7
80 J Val

70 ~
60 il
50

40 Vil
30

20

Trajectoty(cm)

10
o-
0 500 1000 1500 2000 2500 3000 3500 4000

Time(Seconds)

< x

>3]

Cam2_A point

240

220
/]
=4

P
=
o
o — |

0 500 1000 1500 2000 2500 3000 3500 4000
Time(Seconds)

UM 15 0nnsiadeuiindes 2 i suuuui 1

>

Cam1_B(x,y)
220

0 500 1000 1500 2000 2500 3000 3500 4000
Time(Seconds)

X
Cam2_B point Y
240
220 = |
200 rJ’/
" 180
g 160 ~ —
o 140
- 1/
220
2 100 e
© =
2, 80 7
S 60 Yad
[ =
40
20
0
0 1000 2000 3000 4000 5000 6000

Time(Seconds)

3UN 16 Imsiadeuiindes 2 ¢ guluun 2




RMUTP Research Journal, Vol. 17, No. 1, January-June 2023 113

A1 Y axdlefindu daguil 15 n) audsdnfign m 3
Jusesreszwinandesiafl 1 wasndasafi 2 910
gﬂﬁ 15 ) L‘ﬁumiLLafﬂdﬂ’ﬁm?{auﬁﬁuadﬁuauﬁﬁlﬁ
MNNndesiaf 2 Levusudiaedfinuinsiiiian

a

Uszana 2000 Fundl vusudazindeudinaudfia
119UA suitan19iad oudiiiude ndsandu
vugudazvinsdunieely leldszeznaly
LUILNY X 7 AnuaY usud az1Ud sufianisnis
\deuil Turasna1uszana 2750 fadiunit nsu
A1 Y agfianiudu aunseitausudiad oufiluds
Wvunged1aasndy uazid elUd susiumis
A5 uAuINHANIINAaRIRIgUR 14 vugud
indeufinnngaiuduiievusudnsianudsinying
viugudazyiinsiasufiamanisiadouil nsme
Y agdlananas lugisiatuszuia 1000 dadiundl
ndsndurusudazriinisduniidely i old
syogymdluLILn x Afvuavusudagiudeuie
nensiadeud Tutisnatszanas 2500 fadiun
n3len Y axdldianas faguil 16 a) auderniige
m Sadusesseszuinendesinil 1 uazndowing 2
mﬂgﬂﬁ 16 9) LfJumiLLammim?i'auﬁsuaaﬁuauéﬁ
Ifanndesdiail 2 Wevusudiaedsfinuneiing
Usganas 1500 fadiunil viusudazindoufivauds
Anvnaudsufianisied eudliiudre ndsindu
vusudagyinsidumidely ifeldszeznidly
LUALNY x 7 Avuay usud aglUd sufianianis
\ndeudl Tugasa1Uszana 2750 fadiundt ns
A1 Y aefidniuiu aunseitaiueudiiadouitluds
Wanungeg19Uasnsiy NKANITNARDIY UBUA
amnsandouiinnngaFuiundosiad 1 Juniw d
frgavuneUatemsdandasdail 2 16 loldndeq
disduagyiliusudanansondoudildluninmi
vurai ufi 3193 ey ususanunsoad eudl

SR g u e nrun 1nea1u1san1nun

qansiad eufl vesyusudniglureuluniindos
wouiiuld vonvniliflorusudnsanudsiarang
vusudfaansandeuiivaunindsiavnauaziiu
Tudadhmneidvualdegsuaende
nnmaaouttanuad ot d s dy
msafiogszeglunisiadoudlufemunefiimun

Y dl
f\]%LLﬁﬂQVLWWQWﬁ’N‘V] 2

A19197 2 ARG EUNVRIUEUA

2608 0 Why) X Y
1 Start A (61, 108) 64 107
Start B 64 105
Start C 58 108
Start D 64 109
2 Obstruct A (108,203) 111 200
Obstruct B 107 200
3 2 Cam A (230,203) 231 201
2Cam B 227 201

IINANTNI 2 N15LAE DUTI YOIV B UA
wiouiegluusnunivun laglianunaiandou

T3y 10 @, muf1mun

4. aauTenauazsU

NN15NAaesf IkganueUateniaeg
uSanats 1ngvinnsia sugais uduuagnig
naasdlunisnaunandsfnuiidldviinisiuasy
YanuneaIngaf snarsliuneg unm Uaney
fudeszuvannTaasugaEuiy Lagganang
Uanene ugudannsnindeudisnluiAvaunan
dafinvnsld seuvansnsEyfuntsveInuLes
wazifl onuleed siavneus s UM U ud
ansasryiuvandouiuasufianmalaglsidos

$1n15L8 87n15aban LA 1UT 1A evaunand e



114 215871539 IN5UALIVY ums.wszuas Uil 17 avuil 1 uns1an-dguigy 2566

i bilidendenailunisiden wazyihlininue
AAnnsiadeud bUdsuluas dewalin1seanassy
Y uguAd1e89UY Viugudaiusandauilag

vusudagiadaud lluuwids (X neullaldean

1
=1

muiifvuadsedeudiluluunuueu () uenaini
TEUUUTEUIANANINAINITATE YA WU LB UA
Lazloulees a1u15asEyd ainuaneiieg uson
Frumid1vean uoudlW od sd gy aluds
Lulnsnoulnsaiaedii olsiviusudvaunandsin
nsasiunllistmngldegrsaondy Aol
fhodumisgaiEudu viedsudumiativanegly
nsiedeuivusudaninsnindeuiludatmngld
pg19Uaandly S8UEAIINGIVOINA 0L AINAND
Auazidenmumis d1fnndosuiiind qety
Wusugazduiinaunisadoudi funnd uusaiu
azidgalun1snivuaiinvesususazanas Ty
ourAnaz@nuilunismaaeudsinvaneiiannse
\ndeudild uazsimunsane3suliiusudannsam
yumaiiduiigalunsiadoud uaslssuunisdoud
n1saeuliissuuAsuNImes NS oS LR e
AULDY LY E ST UUANTIa N WY YDV UL UA
iioandedrieludeuasivilvidnatunisseying
¥94n&09 WagdAsfnuannd 1 Loy ilemu
szuurusudiad oui snlusidnielueians Tne
annsadsvasainganisladnganis luanui
lsaneguna $1uemns nieaeludiney way
annsnthlUiRnszuuusudLedeuil fanunsa
sryiumnslagldnimainndesiusauwnunisadng

LU

a a
5. nanRnIsudseneA
HIduvevaunn @nluldunasaun
wnInerduinalulag svausaaniunn Avn1s

anuayuUNITITY Wsesliauargunsalsng 9

6. LONANTD19DY

(1]

AA. Aldair, AL. Mayyahi and A. Maze,
“Maneuvering and Colored Object Tracking
for Differential Drive Mobile Robot,” Iragi
Journal  for  Electrical &  Electronic
Engineering, vol. 15, no. 1, pp. 47-52, 2019.
J. Ping, C. Liang, G. Hang, Y. Min and X. Jian,
“Novel indoor positioning algorithm based
on Lidar/inertial measurement  unit
integrated system,” International Journal
of Advanced Robotic Systems, vol. 18, no.
2, pp. 1-11, 2021.

M. Rivai, D. Hutabarat and Z. M. Jauhar Nafis,
“2D mapping using omni-directional mobile
robot equipped with LiDAR,” Telkomnika,
vol. 18, no. 3, pp. 1467-1474, 2020.

L. Juncheng, R. Maopeng, W. Han and X.
Lihua, “A Behavior-Based Mobile Robot
Method with

Navigation Deep

Reinforcement  Learning,”  Unmanned
Systems, vol .9, no. 3, pp. 201-209, 2021.
C. Wei, S. Jian, L. Weishuo and Z. Dapensg,
“A real-time multi-constraints obstacle
avoidance method using LiDAR,” Journal
of Intelligent & Fuzzy Systems, vol. 39, no.
1, pp. 119-131, 2020.

S.A. Li, HM. Feng, KH. Chen and W.H.
Huang, “Highly Autonomous Visualization
Map-Generation Mobile Robot System
Design  Through the Robot Operating
System Platform,” Journal of Imaging

Science & Technology, vol. 62, no. 3, pp. 1-
9, 2020.



(7]

[10]

RMUTP Research Journal, Vol. 17, No. 1, January-June 2023

X. Yuan, L. Tonggian, S. Bin, Z. Yong, K
Siamak and S. Mingxu, “Indoor Vision/INS
Integrated Mobile Robot Navigation Using
Multimodel-Based Multifrequency Kalman
Filter,”  Mathematical  Problems in
Engineering, pp. 1-8, 2021.

C. Penaranda, J. Palanca, V. Julian and V.
Botti, “A flexible and dynamic mobile
robot localization  approach,”  Logic
Journal of the IGPL, vol. 28, no. 2, pp. 197-
210, 2020.

C. Pang, X. Zhong, H. Hu, J. Tian, X. Peng
and J. Zeng, “Adaptive Obstacle Detection
for Mobile Robots in Urban Environments
Using Downward-Looking 2D  LiDAR,”
Sensors, vol. 18, no. 6, 2018.

C. Boris, “Use of Artificial Neural Networks
for Fusion of Infrared and Vision Sensors in
a Mobile Robot Navigation System,”
Annals of DAAAM & Proceedings, vol. 7, no,

1, pp. 80-87, 2020

[11]

[14]

115

X. Li, S. Dy, G. Li and H. Li, “Integrate Point-
Cloud Segmentation with 3D LiDAR Scan-
Matching for Mobile Robot Localization
and Mapping,” Sensors, vol. 20, no. 1, pp.
237-261, 2019.

K. Misu, and J Miura, “Specific person
tracking using 3D LIDAR and ESPAR antenna
for mobile service robots,” Advanced
Robotics, vol. 29, no. 22, pp. 1483-1495,
2015.

B. Ali, Y. Ayaz, M. Jamil, S.O. Gilani and N
Muhammad, “Improved method for stereo
vision-based human detection for a mobile
robot following a target person,” South
African Journal of Industrial Engineering,
vol. 26, no. 1, pp. 102-119, 2015.

N. Singhata, “AutonomousMobile Robot
ESP8266

Vision and

Board,”

Using
NodeMCU

System
Current  Applied
Science and Technology, vol. 21, no. 3, pp.

467-480, 2021.



116 215871539 IN5UALIVY ums.wszuAs Uil 17 avuil 1 uns1an-dguigy 2566

http.//journal.rmutp.ac.th/

Masdnuazn1sgadulilanadinasainiiiuiauundunes

=Y

RNIDSHUUN

910LA9 8117 US1 azuaud! uay 25nY Useunias?

L g dngsules AMEIFINTSUAIENS UNINEIaEUIITNATIVUASUNS
2 n1AN3AINTIUIEE AMEIFINTIUANERNS UININYIBLAIVAIUATUNS
Liualan@eu 8tnewled 39Inus15918 96000

Zgnuanowed snemalng Janinasual 90112

SUUNAIIN 13 §99AN 2564 Unlyunaany 10 gy 2565 AoUSUUNAIIN 28 guend 2565
o/ 1
UNAnga

v
o

Tuns@nwessiiduns@nuniidwdnilansdwesuasasandiuiduiingu 393lenedwasuasans

gnwsenniddniniulasusezgiivn IWansdaaladanludenddinauazlaioulensenled floned
L@Jas‘ma%m%wamwmLﬁwma‘uﬁ’]ﬁuuazmazqﬁuﬂué’mwduu 100:0, 95:5, 90:10 wag 85:15 Ineimiin
wardinaAsuulassnautanUsraiu (ddudhifurnsesgiiun) doansdanilad uazdnsidutan
UssanusiomnasiuaziBen feudegndldnsunieuiionmai 80 ssmwaiioa WWunan 24 $lus uazuuse
ﬁqquﬁﬁaq 1, 7 uag 28 Su iennaauidssn denanismaasunansliiuinidisnveilonodiues
osminndndisudefstudoldiwergiuidmmeuwny adsafirudalunsnwadediiuile

[

wodlesNnaunsaraiiuniosas 10 1Hu1asiu 3.00 uarasdanilal 1.44 aunsalimddanangauazds

q

anansalvianuvnuduiosiige

Adfey : LnUdnigiy; Aewediwes; neewgiiun; TanUszany; gungiivies

* giawusussamer ns: +668 7285 5328, luswelgaiannseilng: abideng.hawa@gmail.com


http://journal.rmutp.ac.th/
mailto:abideng.hawa@gmail.com

RMUTP Research Journal, Vol. 17, No. 1, January-June 2023 117
http.//journal.rmutp.ac.th/

Compressive Strength and Water Absorption of Geopolymer

from Palm Oil Fuel Ash Containing Alumina Powder

Abideng Hawa'* Preecha Salaemae' and Woraphot Prachasaree”

' Department of Civil Engineering, Faculty of Engineering, Princess of Naradhiwas University
? Department of Civil Engineering, Faculty of Engineering, Prince of Songkla University

' Khok Kian, Amphur Muang, Narathiwat 96000

2 Khohong, Hat Yai, Songkhla 90112

Received 13 August 2021; Revised 10 April 2022; Accepted 28 June 2022

Abstract

In this study, the compressive strength of palm oil fuel ash (POFA) based geopolymer mortars
was studied. The geopolymer mortars were prepared using mixtures of POFA and alumina powder
(AP). The alkaline activator was prepared from sodium silicate (Na,SiO5) and sodium hydroxide (NaOH).
The geopolymer mortar mixtures were prepared with POFA to AP ratios 100:0, 95:5, 90:10, and 85:15
by weight, and varied different binder (POFA+AP) to the alkaline activator and binder to fine aggregate.
The samples were cured at a temperature of 80°C for 24 hours, and compressive strength test were
conducted at ambient temperature at 1, 7, and 28 days. The test results showed that the compressive
strength of POFA based geopolymer mortar improved significantly when the source materials was
substituted with AP. The evidence of compressive strength in this study that the geopolymer with
10% AP, 3.00 of fine aggregate, and 1.44 of alkaline activator gave the highest compressive strength,
and the lowest bulk density.

Keywords : Palm oil Fuel Ash; Geopolymer; Alumina Powder; Binder; Ambient Temperature
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Abstract

Nowadays, hospitals have become conscious of the quality of their services in providing an
efficient assistance to patients. The purpose of this research is to design an improve the Medical Record
Registration Unit of Songklanagarind hospital using queueing models. In this research, the simulation
approach via ProModel Simulation software is applied to design and analyze the service model of the
medical record registration unit by finding the number of service channels that are suitable for the
current and future service demand and to reduce the waiting time of service users. During the period
with the most patients receiving services from 7:00 a.m. to 10:00 a.m., 53%, the work can be divided
into two groups, the first eroup, accounting for 80.27 percent of the total number of patients. The
average service time was 4.00 minutes per job and the second group accounted for 19.73 percent of
the total number of patients. There is an average service time of 1.30 minutes per job. The results
showed that a single queue which is opened to all service channels and divided by work group can
reduce the average time spent in waiting by 90.49%, from 11.57 minutes to only 1.10 minutes. The

average time spent by users is reduced by 76.26%, from 22.33 minutes to 5.30 minutes.

Keywords: Hospital; Medical Record; Simulation Model; Queueing
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Abstract

This research aims to study the effect of metal sheets temperature and die-cutting clearance
on the cutting edge quality of the finished product by the blanking operation of AHSS Dual Phase
steel DP590 sheets. The shearing tests were carried out on an in blanking die by 3 size of punch-die
clearance. Before the blanking test, the sheet metal is heated in an electric furnace at 4 temperature
levels. To analyze finished product cutting edge quality ware consider the examined results by the
optical microscopy and scanning electron microscope. The strain hardening behavior on the cutting
edge was evaluated and analyzed with the micro-hardness tested results by a Vickers hardness tester.
The experiment results showed that the sheet metal shearing at room temperature resulted in a high
fracture region on the cutting edge. The beginning of micro-cracks occurs in the early stages of press
blanking and is larger as increased of the punch and die clearance. However, the height of the fracture
region tends to decrease as the sheet metal temperature increases and the die clearance decreases.
In the examination results of the fracture surface characteristics and micro-hardness values, it was
found that when the sheet metal temperature increased, the fracture surface had the appearance of
ductile fracture because the material had a low strain hardening index. The results of this research
can be applied to determine the optimum conditions for sheet metal blanking of high-strength steel
sheets. That is determined by the relationship between sheet metal temperature and die clearance,

which directly affects the quality of the finished cutting edge.

Keywords: Blanking Process; Dual Phase Steel; Cutting Edge Quality; Strain Hardening Index
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of Thong Rayong Pineapple in Dry Infusion Process
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Abstract

Dry infusion was carried out by adding sugar directly to the fruit pieces and allowing them to
contact together. It was effective for removing of water from the fruit. The purpose of this research
was to study the effect of using different types of alternative solutes, namely oligofructose,
maltodextrin and sorbitol instead of sucrose. Mass transfer of Thong Rayong pineapple during dry
infusion process showed that the solute types affect the mass transfer parameters. The use of sorbitol
had the highest mass transfer value (p<0.05). Effect of ultrasound assisted mass transfer was studied.
The result showed that ultrasound applied at 50+2 °C for 15 min was the optimum condition which
enhanced Water Loss (WL), Solid Gain (SG) and Weight Reduction (WR) values of 37.08%, 6.58%, and
30.49%, respectively. Sensory scores in terms of appearance, color, texture, and overall preference
of semi-dried pineapple from infusion process were more than semi-dried pineapple without dry

infusion (p<0.05), with a moderate overall liking score.

Keywords : Dry Infusion; Alternative Solute; Semi-dried Pineapple
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Abstract

This research aimed to reduce waste caused by welding robots in the assembly process of
backhoe body parts. The researchers used 7QC tools: Check Sheet, Pareto Diagram, Cause-and-
Effect Diagram and Graphs, to find out causes and solutions. The study revealed that the greatest
amount of waste occurred at the robotic assembly process. When using Cause-and-Effect Diagram
to analyze the assembly process, it indicated that the problems were caused by 2 factors:
machines and workforce. There are 3 drawbacks of machines: dirty welding head, not straight
welding line, and lack of precision while welding. The second factor, people, made mistakes by not
being able to place the work pieces at the right spot. To solve the problems, firstly, the research
team created a manual for robot maintenance. Secondly, we inform employees how to maintain
the machines to prevent problems with the entire robot's components. In addition, we prepared a
jig for holding the work pieces while welding to solve problems related to robotic welding. The
findings and compilation of data showed that the amount of waste from the welding process
collected between June and July 2020 was 47.79%. When comparing data after improvement
during August to September 2020, the amount of waste reduced to 12.34%. It was obvious that this
improvement reduced the waste generated from robotic welding in the assembly process of

backhoe body parts up to 74.18%.

Keywords : Waste Reduction; Process; Assembling Process; 7QC Tools; Welding Robots
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Effect of Okra Mucilage and Basil Seed Mucilage on the
Qualities of Roselle Jelly Drink
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Abstract

Okra and basil seeds are Thai herbs and good sources of fiber which provide health benefits
to the consumers. Okra mucilage and basil seed mucilage have a jelly-like texture, which is a good
property for using as the main ingredient of jelly drink products. This research aimed to develop a
roselle jelly drink from okra mucilage and basil seed mucilage as an alternative product for healthy
consumers. The yield of okra mucilage and basil seed mucilage from the preparation process was
38.7% and 73.7%, respectively. The effect of okra mucilage, basil seed mucilage and water content
on the liking score of the roselle jelly drink attributes was investigated using mixture design
experiment having seven formulations. The result showed that the increase in okra mucilage and
basil seed mucilage resulted in decreased liking score of overall flavor, texture, sweetness, sourness
and overall liking. Okra mucilage and water significantly affected liking scores of roselle jelly drink
more than basil seed mucilage. The effect of kappa-carrageenan (0.00, 0.25 and 0.50%) on the quality
of products indicated that when kappa-carrageenan increased, the hardness significantly increased
(p<0.05). The product containing 0.25% kappa-carrageenan gave the highest liking score for texture
and overall liking. The optimal formula of the roselle jelly drink product contained okra mucilage,

basil seed mucilage and water at the ratio of 1:1:3 and 0.25% kappa-carrageenan.

Keywords : Okra Mucilage; Basil Seed Mucilage; Roselle; Jelly Drink; Quality
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975 3.2 ndu [1], [2] nseissuidenilmaiudadule
ozl Tivannoadmesealuden waz
anaudsseslsaila loemsitllazanstheiely
A15¥9LYeIsEUUTURIE [3] uenand Hnves
5213 suldendadidondu nieifondn fadian
(Mucilage) WWuansuszinnlndusnanlsd Fegauisnld
Tugnamnssuens telumsuiudsaieduda iy
AMuvTe Telminauasskasltiluansnataa [4],
[5] "U3AA 9 anudn nszdeudeniidndiednm
91NTUATANINTINSIAALIARTS 9 [6]-[8]

waawuedn Wunandnanelulssineid
sanlaigs fuselowidoquam Wowdaduda
danaliansidion wieladaanesiadanvasiduiy
soudn fdaduloermsiavareinld Sagae
wunnleluszuumaiueins Sdaudaelunis
nszduszuLuane Weduusemuarianduvios us
Talvindaanu FJefonnudauuednanlalundn e
dioguamuasdniusitisaauauimiin Wenan
wasuuadnduuraavedlalnsneaaosd 1w ngle
wauku twuay waznauay [9] A dndiway
Anautisng q fadumnsdiadliens asreliin
Ty @siiunnunie arsneliiiaea a1saaels
Fus ansmaunulasiu asiuanuas wasldiu
LRaIveLbeaIMNg [10], [11] wenNTsasinnsifu
Wi auusdnlundndugonmsuaziad 0f ulite
4UNIN WU NTTAUINAR Tueilead aining osa
wsuloamsaniuudauusdn [12] n1sifuiudn
wusdnlundosiuninalsl vilaiusaunasloems

49TU Uar B NUANATIYBINGRS I [13]

wadndoudn Uelly drink) w3 o1oad 1nan
(Liquid jelly) nunefis ndnsausiiildainnisiadn
waldl Syvf viFoanulng idunioatn wdwaw
fuanslimnumiunazansnelmiaaalulsuai
Wizl p1aNALNIaLazaIuUEnauBu o Wl
danuduuieineiuig Uiiﬁﬂumﬁuwﬁﬂmlﬁaﬁw
Inedaaddnvauziluiumas awnsolivasngald
[14] Lﬁaé’uﬂTﬂLﬂuﬂmmwﬁéwﬁmmmwﬁwaqLaa
Andeupy fufunisiesuansinelfiinmansluay
Prguuvgaioduialiunndnfuel uavinis
Juuy Wulslasreaasssiianalanansienziad
was vmidduansnelfiinea arsiivanudy
niln wazansyeliaunsi lundniugionns
annsaazangldnlutidou WefusiaseziAnead
anunsaldsunduduveanadldidlolssuanudou
LLazLﬁmmaﬁﬂﬂ%\uﬁalﬁuﬁ’laﬂ (Thermoreversible
oel) waiildiignvarla Wedudaudauuse Tngly
nAnsuaiiwaduazsunufiidnvanduea Sold
wadUIAsI3uu Sovay 0.5-1.0 [15] 9Mn91uised
AnvwavesUSunanmdwulueadndeununay
& wud Ysnamsisuuuiiiistudmwalda
LL%ﬂLﬂ'wﬁu LLamJ'%mmmiﬁLLuuﬁ%aaaz 0.4-0.8
maaﬁmﬁﬂgm AINA MALLUUANUTEUIAESINYD
lwaanSenAunAundregedign [16]

nsiingdanugeenguazdamavnindiny
wndulutlagtu shlfuslaeliauddyiuns
u3lnnemnsiiusslevidequam savslianny

auland a7t ua uAImalaguIng Lag

o '
a o =

wAnSusiansTTNTRLINTY [17] Snvtawadndon
Auduomsiigesis annsadidsuilaalenn
wmannTe udndndueilaoialudeiamdinig
Tnwuinisaoudieni fnsifuansusd udandusa
wazTngiude dfunswamneadnieududinse
gua ezt slavuInsasduniaden

< o o v a ao &2 = ¢
Wuﬂﬁ']vﬁUE;ljUﬁIﬂﬂ Q’]u'?ﬂ&]uLWuﬂﬁUﬁgiﬂﬁﬂuﬁﬂaﬂ
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szl suidsauaziudauusdn §adunande
adluvszimafsanlige Wuunawesloems
LaransiIuoYYadaTEINsITUINAT 1Ay T9
i utngdudvsuniswmuindnd e
5’mqﬂwmﬁmamu%i’mﬂﬁaﬁﬂmwasuaw%‘mm
donnsudsuilouas fundauusdndenmnmien
Anspiisundeniu wasUfuugslifiaunimdud
gauTUVDINUTINA

2. 53108U75398
2.1 mawIeudionnsziisudsauazfuda
LUSAN

w3sudlonannsziseuden Tnewinssiseu
Feran (1ain) 91nnanousius waandns
NFUNNUMIUAT A191AINELDN aviint shudu
Fumuuwwenn wenwdaneluiinesn suduiy
9un 4 wwuians dilvadnludigungfl 90+2
par AL wu 2 uid (18] 9nvud unauiv
5ﬂ€juqmmﬁ 60 pariwalda Wleatnindias [19]
TneldUsnanisetminnseifsudoilusasd
1:1 Tngvimiin ﬁ'uﬁwmmﬁaqa NDIUBNNINBBN
aelgdondden wisuiuwdauuadn lnatdnudn
LSENUS as191mes JeurunzunTIai Tl
uazdsasuuusen ﬁﬁLuéﬂiULL‘dﬁ’]ﬁ%m@ﬁqm%Qﬁ
65+2 sarnwadea Wunan 90 wift ludnsduh
Aewdnuasdn Wiy 66:1 Taethwedn [20], [21] 1
WA ALLIENANe LA LdINSoLENDeNE Y
aszweu hluduliaziden nseeninuaziudasen

aelguduniinduna

2.2 MsAnwdnsnaveuiiennszideuiden
FULLA ARNIEN u,azfm'aqmmwwa?i
nszisUNSauRY

LwaAnszLd sundeuAuidrunaundn Ao

Wennszlleuded Juwmdauusdn wazin Sesas

77.8 sumifmﬂ’ﬂgmuasd’mmaugu 5 Usznaumae
thnszidunn (WSeuaInaAennIsLa LR Souas
10) 1nansne nsedR3n wasindevu Jevay 10,
12, 0.1 wae 0.1 amuddu uiTedladnwusuna
drunauraniusnsdung 9 Inglduuunimeaes
WUUKAN (Mixture design) mvuaUsulaLidon
nsziSsuidior uazfudausdn eglutiefesas 0
04 Sevay 45 ﬁmqélusdaq%'aaas 20 f95e8ay 90
%mfmﬁfﬂj"mqﬁumé’ﬂ (77.8%) fvundmnanad]
ATBUARUUNUNITNAABITIUIU 7 Favnans &

AN5197 1

A5199 1 B98N IANUHUNITNAABILUUNE

al\i X4 X, X3 Xy X2 X3

NAAD4 ($ovay) (Sovaz) (Bawas)

1 0.10 0.00 0.90 7.8 0.0 70.0
2 0.00 0.10 0.90 0.0 7.8 70.0
3 0.00 045 055 0.0 350 428
4 035 045 020 272 350 156
5 045 035 020 350 2712 156
6 045 000 055 350 0.0 42.8
7 0.20 020 060 15.6 156  46.6

NUBR daunauns 3 ¥lia laud Wennsuideuiden (X,)
Juldauusdn (X)) wazd (X)) sauiwdu 1.00 (100%

Mixture design), Segazvanmingns

Fmswioueadnseissundeniy daulas
910 Nazir and Adrian [22] Léumﬂmamﬁ’]mauaz
indetuluth aulvidhiy didunaudslniigumgf
60+2 DIANYALE UE ALIUAIUNALT IMUABTANY
LﬁuLﬁaﬂﬂizL%&JUL%’JLLaziuLuﬁmmé’ﬂ Tdngnso
fofudniud nanufousudunauiigumgd
90+2 paAtgaLd 8@ w1y 10 w1d Walwidudl

a v a | a
ammwaaﬁmammmammmu 7012 DALY

q U q

v &
° P

WALUINTELIYULAILAYNTATASN AUIAAIUNENLDN

fu ussevazTeuluresegdidouneudiligngn

]
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FaUaUrngasliann vinlidusgrasinslaonly
finanuds andudnidudiuiigumngl 5+2
a =3 ) a ¢
aemgaided Lwna 48 9alua Tiasisiamunin
TngTar1d AruSuuvendsiiazateldanua
(Total Soluble Solid, TSS) A1A3ULT UnTAR 1

(pH) wagUsziiiunnnmaUsEamNauNE

2.3 N5ANEINavaILAYUIATSITUUURAD
ﬂmmwwaﬁlnsugauwgwﬁu

oA svnaeiiviunzay 91HaN1SVIAAes
Tude 2.2 lagNarsuinstousslogdainiden
nsndsuilouas fusdaudnluuiinageaads
Anudululalunsiaun wazdlagiuuanuveu
Tnosausaursesu 6.0 avuuy wasildwaunde
TneAnwInavosUsuiauadu1n1s13 uuuLie
UTUUTIAUAIN I1UNUNITNAGDILUUF LANY 0]
AnwUsuianaliinsduuy 3 seau Misesay
0.00, 0.25 wag 0.50 maaﬁmﬁ’ﬂqm ynsunud
ﬂ%mmﬁﬂuqm wagimualidiunandu q adl
F2snSeueadnsuissundoununuisnislude
2.2 Biszrinanm e daand Araauuds A1 TSS

A1 pH warUseliununnIsUssanduda

2.4 MINATIRAUNN
2.4.1 N5AATITHNINIBAN

Sapnd spuu CIE L* a* b* dein3esinand
Spectrophotometer (Konica Minolta CM 35004,
Japan) Aiuvasiudauas D65 yudnnnn1sel 10°
Ineus39AI9813lu Petri Dish wagluunnisinns
avviounad lnea1AuaIne L* 41 0-100 lag 0
MUY Feg198EAN ey 100 wuNeD Aleg1edld
v17 ANd a* 1uuan (+a*) vaneiefiedneildung
franduau (-a®) nunedeineg1eildden wazand

b* 1 JuuIn (+b*) nuedeeg 19l dmaes 8161

Juau (-b%) munedeiegnedidinGy nnsiaen
$1U 3 9

FaA1A210LT e (Hardness) A 281A5 84
Texture Analyser (TAXT plus, USA) 1 EJi‘Uysqm
gunsal Back extrusion rig 1330 A/BE-d48 4u1A

1% ' 3

WU ugugnans 40 dadluns usI9RIe819ge 25

U

a a [

daduns Talaunailegaiduszeznie 12.5

fladwns [23] ¥ns¥adsiuay 7 6

2.4.2 NM5ATIZHNI9LAT]
SorUsinamondefiazandldnomn (Total

soluble solid, TSS) f 18 Pocket Refractometer

(PAL-3, Japan) haz 3@ 1 pH A28 pH meter

(Eutech Instruments pH 700, Singapore) ¥1n13

FAAITIUIY 3 ¥

2.4.3 Ysziliuaan s seamauds
Uszillununmynisussamdudaniedsnng
A azhUUAIILYaY (9-Point hedonic scale) 14
ananzuuy 9 seiu lunudnvued1und usa
Tawsau oduda sawny sa3en wazauvey
Taosa Tagsedu 9 vneda vousnilan wag 1 lal
mauuﬂﬂﬁqm UizLﬁuim&Jﬁwmaauﬁiﬂmumaﬂﬂﬂu

J7UIU 30 AU

2.5 UHUNSVINADILAZAISIATIZHNSEDRA

ANSNARDIINLNUBUUNEL (Mixture Design)
w1 3 duvs Tdun Wennszidsuiden Jude
waedn uazih $1uau 7 dmnass ¥inisneaes 2
§1 FiATERA uR Mo UAUDS (Response surface
methodology) Taglduuusnasadunss (Linear
model) AMuualy Y=Azuuuauveulanasid X,=
Usinauilennsziouiden X =USunas Jusfinuaadn
war X,=U3urau NUNUNITNARDILU U
auyjiﬂj (Completely Randomized Design, CRD)

AnwINaueIUsuwAUUIAISIT WU 3 SEAU
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fifovaz 0.00, 0.25 wag 0.50 vosunningns o
ﬂmmmaa?{ﬂim%ww%@mﬁu foyanmnInmig
AMuAIN LAdl wazUszamduNanTiAs1Ean
AMUWUTUSTIUNSED A lae Analysis of variance
(ANOVA) wazhUSeuisuainuuwansneuesaaie
#7833 Duncan’s multiple range test fisysuman

Jesfudesay 95 (p<0.05)

3. wan1sAnwazafuIIeNa
3.1 NSATENINYAULIENNTIREULTEIUAS

13 < [
'gul,uaml,man
X a & A o o '
AL LU EIAR (9ElN) L BVINNITARLAS
wenwan Junauduin wdnsaenninean azle
a A X ~ % < o
NANARLIBNNTELALULEYD So8ay 38.7 LWAALLIEN
wita sl et lunyauneIdndud v ludu nseq
nnuaziineen ldnaninjuudnuusdn Souay
73.7 Wnailonnszideuilenntaduvesnaldiden
dnvauzdedudadudoniu Ganider Juwudn
(Y [ ¥ = a ] LY Y) I~
wiadniduveamartunia Fu1agu inedafudu

fiou lyganeu

a a =] g = v <3
3.2 INTNAVDILUBDNNISLIYULVYA ’%‘uLﬂJﬂﬂ
v ) 6V
v 1 = =]
LLAda N LLa$u°'1 maﬂmmwwaa AITLI YU
v a
NIUANU
WedmsgrnunIn wuin lennseiiay
= U I3 o 9(; aa a 1 1 =
b JULNAAWINAN LATUT UBNFNanaAId TSS
way pH ag 19l ded1Agyn19ad@ (p<0.05) lasds
NAanef 4-6 AAELAY (a%) anasuaria1diniaes
(b*) WnTY Wegunudmaasedl 1-3 1He991nd
AMsiiLUSuanlannselsullenludameasen 4-6
43 Uﬁ 1 WuiefufunIHELNSEIs sULAaiU
thuzahs 1idss wazthuzazneisnsidiusms q &
Ml dunneanaiu [24] A1 TSS agluyag 12.2-

12.9 “Brix UazA1 pH og/luya 2.96-3.48 FalndiAes

fulwadiulna3eanudiien TSS agluya9 12.7-14.5
*Brix hawe pH agflutag 3.2-3.4 [12] A1 TSS uay
pH vaausazd mnasada1lndifee iy widsnsd
ANALANA1Iaadd 1esaindeyaiandsauy
mmgm@fﬂ (Standard Deviation, SD) Fam1519912
Mnmsdunadmuiivinadlonnsuileudeiuas
Fudanuadnisninadeioduda dmaaosi
ﬂ%mmﬁaﬂﬂivL%auﬁmaa%ﬁLﬂf@é’{’uﬁmﬂmﬁaﬂ
A uaz awmaawlﬂsmﬂmumamtmaﬂawuuLua
Fudaluvesvartu iesnndnvasideduiaves
FagAuuazanslalasneaasediiuansiady liun

winfuludlennssisulded nglanuunuulazly

LLauiuauLuaﬂ WA [3], [9]

(6)

UM 1 dnuwazusinguesdiuadnszideunseusy

7 AMAa09 NLAIUNELANGTUY

nsUsgiunuAmeUsTaIMENRE wuln

£

Q‘U%Imiﬁﬂ:LLuumwmaUImasamaqﬁ'amaaqﬁ' 1
uag 2 gefign fisziuveuUIunans (7.0 uag 7.3
PINEIRU) Sesasnfe Awaaed 7 fisRuTeu
@ntesfsrouliunans (6.5) wazdmaassd 3, 4,
5 uay 6 M58 UATLLY 5.7, 5.1, 5.3 WAy 5.2
AU Fannseit 3 Weld3smsfiuianevaues
1A8N1SES 1UUUTIADINIIAL AAIENS NUT1
WUUD1a89 Linear model @1115093 UN8ANNEUWUS
YaeiuUsle Sovay 96 (R? = 0.96) uaziilodassn
PLEURLS WU AzRULP e U A LSAlRES Y

W ad Ui d savnu saUs 80 wazAureUlnesIud
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Anuduus i ululuiamsuinidwi ey (p<0.05)
Jaud onlduuudnaes Linear model voIAZULUY
Auveulaesan (V) 1 udaunulunisesuie
audiiusssrinaUSnadionnanisuden (x) fu
WELLEN (X,) Az (X)) wuudiaesiilade Y =
3.92X, + 4.95X, + 7.28X, LLammgUﬁ 2 @190
osuneldn Wetiinaudlennssfsudeauas fuadn
wadnanntu daalvinzuuuanuveulunudnuae
s 9 vesjuslaadinliiuanas Tnensiulonnse-
Weudeuarundauusdnuinnit Sesas 20009

AUNANAN (77.8%) eynlidmnassililodunade

2158153YIN5UAL I8 ums.wszuas Ui 17 aduil 1 unsiau-figuiegy 2566

mﬁml,t,azﬁﬂ?iuﬁ&nﬁiﬂLﬂuﬁaam%'wmﬁﬁim b
15008 wmeaesimuizay Tngldinasasiuy
AMUYRULALTINEININTEAU 6 azdiUTunauilen
nswdsuidonariundaunsdngean wuin A
naaesdl 7 A fUsnandennszid suden Tuwda
77.8 U84
46.6 VDY

waiedn uazth lusmsndau 1: 1: 3 Gowas
5’1‘1/11"Iﬂqm) 750 SpaY 15.6, 15.6 LAy
ﬁmﬁfﬂqmﬁwumﬂu?{wmamﬁmm:ﬁau pgnelsh
maeaafiledeflanuudweneateniuly Sades
USuds i evaund eduda Tnoniadulelng

AEARBYALUNSANY TR LY

A13197 2 ANAN NN NLALLATVBUUAANTEREUNTBUAL

g0 donnsmdey Aumdeuusdn i g TSS pH
neaes  WlEa (Xy) (X2) (Xs) L* a* b* (°Brix)
1 0.10 0.00 090  1650£0.09°  584+0.10° 2.08+0.06 12.6+02° 3.01 £0.01¢
2 0.00 0.10 090  1336:061° 891039 2.41x0.19° 123x0.1¢ 296 £0.01'
3 0.00 045 055  16.15+0.66° 18.40+0.66* 184+0.268 12.2+0.0°  3.09 +0.02¢
a 0.35 045 020  27.98+030°  650+0.05¢ 11.85:0.14° 12.9+0.1° 3.43 £0.01°
5 0.45 0.35 020  3055:005°  4.16£0.02 14.09:0.08* 12.6:0.0° 3.8 +0.01°
6 0.45 0.00 055  25.18+007°  4.27+0.06' 12554027 12.8+0.1° 3.40 +0.01°
7 0.20 0.20 060  24.74x003°  805:0.03° 836£0.079 12.6x00° 3.23 +0.04¢
nuewmn °’ Auadeiisnusuansaiulunuagi mneie dmnaouansatunseda (p<0.05)
Ms1afl 3 azuuumNveuluANdNIEA AN 9 LazAziuuANLYeUlAsTINYRIEmAGDS
al\WlﬂﬁEN ﬂal'uiﬁiﬂﬁli'llll Lﬁaﬁuﬁa FE1UY ﬁﬁlﬁf%’ﬂ’) ﬂ'?’lil‘lIE]UIﬂEﬁ'Jil
1 7.4 £09° 6.7 = 1.0° 7.1 % 0.8% 7.0 £ 0.8° 7.0 £ 1.0%
2 73+ 07 6.7+ 15 73+12 724112 73£09°
3 6.0 + 1.15¢ 53 & 1.5 63+ 1.1° 6.2+ 1.20¢ 57+ 1.5¢
a 57+ 1.1b¢ 50+ 1.5¢ 6.1+ 1.1 58 + 1.3 51+ 1.4
5 55+ 1.3 49 +12° 6.0 +1.0 59 + 1.3 53+ 1.2°
6 5.7 + 1.3 50+ 1.3¢ 5.7 + 1.1 5.5+ 1.29 52+ 1.3¢
7 62+ 130 59+ 0.9° 6.6 + 0.8 6.7  0.8% 6.5+ 0.8°

NUBWA *° Aadenionysuanaeiuluiuine mnetia Fmeaeuansieiun1aaia

(p<0.05)
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1 (X;)
0.00,1.00

1.00
0.00

diennsuaeuidies (X,)

0.50

0.00

0.75 1.00

Audauusdn (X,)

JUN 2 urunwenuduiusseninuiinasdennsesuden (X,) Tumdauwusdn (X,) uazil (X,) foazuuy

ANuvaulagsIu (Y)

= 1

3.3 Na‘UENLtﬂﬂﬂqﬂqiqﬁ]uuuﬂaﬂimﬂqw L8
a 1 y  a
ANITLIYUNIDUAU

F9NAaDITLNUITFENINNNANITNARBI LUV
3.2 Hdnwauzduanliudawse iedudanaudna
Wl AsInINAILA 09N15V0E U LnA Lavdl
ArLUUANYOUA Ul oduiaey luseA Uy
dntiee (5.9) Juhunviulsaileduda lnonsiiy
asnelinawaralUIn1513uwuY Seeay 0.00, 0.25
way 0.5 vesmiingns n1sAnyINaveIUT LAY

L EUNTDUAY

[
o

U1A191TUUUABAMAINEAF NS

a0

WU YTunanalUimsdnuuiidnsnane A1 @
TSS A1 pH wagAAuuds agredideddgnieana
(p<0.05) fann374il 4 nﬂ?{qwﬂaaqﬁﬁLLmqmgw a0
TSS ag/luyag 13.4-13.9°brix wazan pH agluyaa

2.99-3.02 A1 TSS uay pH vedusasdmaassdien

ThaAeany wadipaimnuLmans1ameadf 1iesan
Foyadlen SD a1 Aranuudvesdmnassoglugag
33.11-222.70 N5y N5sALLAUUIAISITwUUInL9ide
neassdldnwuzidulanuins¥u danaliaiaing
wiagetu Fmeaesndvsunauauiiasduuugad
| < | a Aa |a a °
A1ANLTIGININE AR IUIIIAIIIT UL
N7 (p<0.05) wlpensalUrAI T nuLilnuaudR
1< I Y a a v W ’; P
Wuansneliiiaiaa Wesiudinuunlugung i
WiNNzay (30-70°C) 98LAALATIAS19V09L98N AT
daralimnanuldaiiudu [15]
MNNsUTTITUA AU TEANA U A
WU g naaeuliArUUNAIINYOUA1UNE UTE
Tng593 Savu wagsatusenliuanaaiuneans
(p>0.05) TurazA Az uUAMNTOUATULL DF LE

LAZAMNTOULALTIULANG1AUNNEDR (p<0.05)
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Fam15797 5 FeaesiiiusinanalUinsIuuu
Zopay 0.25 dazuuuANNTeuUdIuLE oduiauas
anuvaulagsui ssaurouLdndesdsUiunans
(6.5 LAy 6.8 MUAINU) FOAARBINUNANITIATIEH
AFURUSANUIN AzLuuAuTeuduL o dula
wagAzuuuANYaulnesIianuduRusTuguIn
(r = 0.7) vinAzuuuANTEUR I pdLdAgIT U
ﬁﬂiﬁﬂ%LLUUWJ’]?,JGUE]UIG]EJﬂQJQG%Uﬁ’JEJ YSunauad
U1A1513UuU Segay 0.5 daNaliAzuuLAIINTDU

ANUDFUEALAYANUYDULAYSINANAY LiB9R1INT

< a = 1 o v a o ¢ a
ﬂ’J’]@JLL‘SUQNWﬂLﬂu‘lﬂ 'ilﬁblll AUICANNIUNARNUNLEAR

wioudu (wadwa) fsesddnvaziduivivan

v
v o

anansaliviaengale [14] Sudmeasiivanzay
Usgnoudae iennsziieuden fundauusdn i
LAUUIANSITUUY THNSEE BULAT 1n1ansIe nsm
Fn3n wazindevu Yosaz 15.60, 15.60, 46.35,
0.25, 10.00, 12.00, 0.10 Ua 0.10 oLMUNGA3
AudeU SrzuuunuseulnesiniissiureuUy
nana (6.8)

A13197 4 ANFRATANANATNGING 9 YBIUAANTLIBUNTBUANNUTUIULAUUIANTITRULLANAIY

wAUUIAISIFUY And TSS pH ALY
(3away) L* a* (°brix) ()
0.00 12.67+0.02¢  14.32+0.07¢ 8.60+0.09¢ 13.40+0.00¢ 2.99+0.01° 33.11+0.93¢
0.25 13.14+0.02°  15.31+0.09° 9.04+0.182 13.56+0.10P 3.02+0.012 94.57+3.74°
0.50 13.67+0.01®  15.90+0.052 8.81+0.13° 13.90+0.00° 3.00+0.01° 222.70+3.932

Ao o i

nemn * Alafenilidnykanaaiuluwing vingis dmeasaand1aiunieada (p<0.05)

M13199 5 AziuuaveUluAnaN LA 9 warANYeUlneIIN YeLLaANTIREUNTaNANNUSINMLAL-

U1ANSIUUBANANGTUY

#AUUINITITHUY - PR y AUYDU
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Abstract

This paper attempts to suggest two chain-type exponential estimators to estimate
population mean when the information regarding auxiliary variable is complete. To the
first-order approximation, the bias and the mean squared error (MSE) of the suggested
estimators have been discussed. A few members were also derived from the suggested
estimators by allocating the different suitable values of constants. In addition,
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1. Introduction

In sample survey, the use of
auxiliary information has been played the
important role to improve the efficiency
of the estimates of population parameters
such as population mean Y, variance

N
S} = (N—1)—12(y,. -Y)*, coefficient of
i=1

variation C,=S,/Y, and so on of the

When the

population mean X of auxiliary variable
x 18 known, a number of modified
versions of ratio and product estimators
have been proposed by several
researchers. It is to be mentioned that the
estimators on  some  population
parameters of the auxiliary variable x
may be available to the readers, for
examples, H. P. Singh et al. [1], S. Bahl
and R. K. Tuteja [2], M. Khoshnevisan et
al. [3], H. P. Singh and N. Agnihotri [4],
and H. P. Singh and S. K. Pal [5].

auxiliary  variable .

Consider finite population
U={U,,U,,.,Uy}. We select a sample of
size n from this population using simple
random sampling without replacement
(SRSWOR). Let y and x respectively be
the study and auxiliary variables. While,
y; and x, be the observations on the ith

unit. Let ?:Z:yi/n and )?:Zn x;/n

i=1
be the sample means of study variable y
and auxiliary variable x respectively. It
is desired to estimate the population
mean Y of the study variable y using
information on an auxiliary variable x.
We assume that the mean of the auxiliary
variable X is known.

It is also known that the sample
mean y of study variable y is an

unbiased estimator of the population

mean Y and its variance under SRSWOR
is given by
MSE(3)=0Y°C; (1)

where

n

M. Khoshnevisan et al. [3]
suggested the following class of
estimators for the population mean under
SRSWOR that covers the existing ratio
and product estimators as follows:

aX +b ] 2)

g :y(a(a)_c+b)+(l—a)(a)?+b)

where a(=0) and b are real constants or

functions of known parameters of
auxiliary variable x. o and g are the

suitable choice of scalar that makes the
MSE of y, as small as possible.

Later, H. P. Singh and N. Agnihotri
[4] have adjusted the estimator of M.
Khoshnevisan et al. [3] by removing
some real constants or functions of
auxiliary variable x in the equation of M.
Khoshnevisan et al. [3]. The estimator of
H. P. Singh and N. Agnihotri [4] are
given as follows:

_a)_(+b_
- - 3
h%) y_a)?+b_ ()
and

[ ax+b ]
V. :_ pre— 4
3 y_aX+b_ ()

Nonetheless, H. P. Singh et al. [1]
proposed an extension of H. P. Singh and
N. Agnihotri [4] by using exponentiation
method in SRSWOR. This estimator is
given as shown below:
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ax+b | |aX+b

:;{a)?—’_b} & (5)

_ _[aX+b [ Tax+p]%
Yo=Y

ax+b

Previously, S. Bahl and R. K.
Tuteja [2] studied various estimation
results for the estimator of a population
mean Y for an alternative in SRSWOR,
by pioneering the ratio and product type
of estimators in the form of exponential.
The estimators of S. Bahl and R. K.
Tuteja [2] are presented as follows:

_ X-x

y5=yeXp[)—(+;fJ (6)
and

_ ¥-X

y6=yeXp[;+)?J (7

Adopting the estimators of S. Bahl
and R. K. Tuteja [2], H. P. Singh and S.
K. Pal [5] introduced to replace y in (6)

. _ _ X—-x . .
with ¥ =yexp[)_( xj. The chain ratio-

+X

type exponential estimator by H. P. Singh
and S. K. Pal [5] is given as follows in

(8):

v e X-%
Y7 = V5 €Xp Yix

=yexp(2§+‘§)] @®)

In addition, H. P. Singh and S. K.
Pal [5] also replaced y in (7) with

- — -X .
Ve = yexp[x )?J and suggested chain

X+

product-type exponential estimator as
follows:

N ¢
Vg = Ve €XP T X

-yeo =D ©

To the first-order approximation,
the biases and MSEs of »,, ¥,, 75, Vs

Ys. Ve, y; and yg are respectively given
by

B(%)=6YraC? {@ar—gC}, (10)
B(,) = 0YzC;(z - C), (11)
B(y;) = 0Y7CC?, (12)
B(y,) = 0Y(2g -1)(gr - O)C3, (13)
_ 0=
B(ys) =2 Y€ (3-40), (14)
_ 0,
B = TCI(3+4C), (15)
B(3,) = 0YCX(1-C), (16)
B() = 6YCC?, (17)
MSE(3,) = 0Y* [C; +argC(arg —2C)}, (18)
MSE(3,) =07 [cﬁ +rc§(r—2C)}, (19)
MSE(3;) = 07| C} +1Cl(r+20) |, (20)
MSE(,) =67 [cﬁ +(2g-1)rC? {(2g—l)r—2C}J
(21)
_ C?
MSE(y5) = 0Y* [c§ +T"(1—4C)], (22)



RMUTP Research Journal, Vol. 17, No. 1, January-June 2023 197

2
AﬁE@Qz&Yﬂ}i+%%ﬂ+4Cﬁ, (23)
MSE(5,) = 07> [cf, +C(1 —2C)J, (24)
MSE(3,) = 07 [cf, +C(1+ 20)}, (25)
where

C, S S
C=py| = B = = P Crz = 5
&) o2} (%)
S :;i(y.—f)(x.—)?) T= E)? ,
ON-1& T aX+b

N
1 —
ST=—>(x-X).
N-1%&

In this paper, the author attempts to
develop the estimators of Singh et al. [1]
and S. Bahl and R. K. Tuteja [2] as
predictor of the mean of the population
using the information of auxiliary in
sample.  Therefore, the suggested
estimators with their properties are
presented in section 2. Furthermore, we
execute the theoretical comparison
among existing estimators in the Sections
3. In section 4, the real data sets are used
to discuss about the performance of
various estimators numerically. Finally,
the last section provides conclusion of
this paper.

2. The Suggested Estimators with

their Properties

By adjusting the estimator of H. P.
Singh et al. [1] and S. Bahl and R. K.
Tuteja [2], we define two chain-type
exponential estimators for the estimation
of population mean Y as

— 2g-1 - _
- = aX +b a(X —x) 26
v y{aﬂb} eXp(a()hf)ub] (26)

_ 2g-1 =
- _|aX+b a(x-X) o)
yNz_y{m?H)} eXp[a(f+)_()+2bj (27)

For obtaining the expression of bias
and MSE of these estimators, we
consider the following relative of error
terms, as ¢, =(y-Y)/Y and ¢ =(x-X)/X.

Under SRSWOR, we have the
following expectations, E(e,)=E(e)=0,
E(e;)=6Cy, E(el)=06C2, and
E(eye,) = 0CC?.

Rewriting y,, and y,, at equation
(26) and (27) in term of ¢, ’s, we have

-1
_ _ ~(2g-1 —re Te
Vni :Y(1+eo){1+rel} g )exp{Tl(1+71j }

(28)
and
yNz::Yaf+qg{1+rq}-@g-“exp{sz(l+3§Lj'l}

(29)

Now, we assume that the sample
size to be large enough as compared to
the population size so as to make |¢,| and

lef| very small. Therefore, all the terms of

¢;’s that have power greater than two in
equation (28) and (29), it will be
considered ignorable, we have

I+ey—(2g —Dre —(2g —Dreye
P 2| +g2g -1~ (30)
22 22
e[ 31’
+2g-)—L+—1
I (2g-D > 2 ]
and
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l+e,—(2g —Dre, —(2g —Dreye

ysz?'+g@g—nr%f+%?+T?q (31)
22 22
T é T é
_2_1 | |
(g)2 2

Expanding the right-hand sides of
equation (30) and (31), then subtracting
Y on both sides, we get

e —(2g-1Dre —(2g —Dreye

(G ~T)=7| +gQg e -1
22 22
el 31r°e
+Q2g-)—+—L
(2g-1) 5 2
(32)
and
ey —(2g —Dre - (2g —Dreye
@m—ﬂzfag@g4ﬁ%+%?+%?
22 22
T 6 T 6
—Qo—-1)—L_~- "1
(2g-1) 5 2
(33)

Taking expectation on both sides of
equation (32) and (33), we have the bias
of yy, and y,, as

B(yyi) = 9}71Cf |:(2g—]){—c+gz-+£}_£+3_f:|
2 2 8
(34)

and

B(y,) = OV 1C> ((Zg -1 {—C+gr—%}+£—1]

By squaring both sides of equation
(32) and (33), we get

22
eg -|~(2g—1)21'zel2 + T4el

(7w —Y)* =277 -2(2g ~D)reye; — e,
+2g-D7'q

(36)
and
[ 22
ep +(2g-1)*c%¢} L 461
(67%) _?)2 =y? -2(2g —Dreye +1eye,
~(2g -2
(37)
After that, we just taking

expectation on both sides of (36) and
(37), so the MSE of y,, and y,, as

_ 52 2 2 2 T
MSE(yy,) = 0Y |:Cy +1C} (4g r—4gC+C—2gz’+4j:|

(38)

and

— 2| A2 2 2 9t
MSE(yyy) = 0Y"| €, +7C | 4g 1’—4gC+3C—6gz'+7

(39)

To replace the different choices of
the constants a(a#0), b, and g into
equations (2) to (9), (26) and (27), and
for the convenience of the readers, a few
members of various estimators are also
shown in Table 1:
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Table 1. A few members of various Table 1. (Cont.)

estimators Estimators Values of constants
a b g a
. Values of constants —
Estimators _ [ x _
a b g a Yo =V [7} =Y 1 0
A few members of ¥,
)? — — X+ pvvx — Pox
v =y = y V=" |FY 1 ’
yl(]) y( 5 j 1 0 1 1 4(5) X +pyx 3(2)
The usual ratio estimator T4
)?+p )74(()) :y{ . j y3(3) 1 C"'
— — » X+ C
Yoy =Y = 1 Pl 1 |
P A few members of ¥,
H. P. Singh and R. Tailor [6] — —
X+C ¥ e exp XX
- - x y1 = y X
Yigy = y[ E—— J c o X X +X 1 0
x+C, 1 11 .
H. P. Singh and S. K. Pal [5]
B. V. S. Sisodia and V. K. Tep I
Lo 3 3 -
Dwivedi [7] - Ve = 7[ . ]exp[x — ] 1 o
A few members of y, ¥ P TEEEP
_ (X)) _ _[Xx+cC, X-x
Yoy =V = =i 1 0 - - Yoo =7 Y+C o X+x+2p, ] 1 <
- - )?+pvx - H. P. Singh and S. K. Pal [5]
Y =Y T T e L P - - ¥ X-%
_ P Y =V | = |XP T+ 1 0
_ _ X+Cr] _ C
Yoz =V | = — | = Vi 1 x - - - _
x+c-“ V\l()_y[ at jexp[ /\:7‘( ] 1 Pix
— X+p, X+Xx+2p, .
A few members of y,
_ (x _ _| x+C, . X-x C,
Y TV T 1 0 - Yoo =N\ o P X+X+2p, !
The usual product estimator A —.——
R . X\ (¥-X
© X+p, 1 : - - Vv = y( jexp( Xj 1 0
H. P. Singh and R. Tailor [6] P ~
P, x-X
_ _[ x+C, Vv [ eXp[ Y ] 1 Prx
Yy = V| = ! Cr i i X+p, X+X+2p
X+C, —
X
B. N. Pandey and V. Dubey [8] Vo = f = ]exp[x ] 1 C,
A few members of y,
X 51X ex —X 1 0
Yay =¥ (?j BECURRRE) 1 0 1 - P = X P X+ X
B T P
_ _ v _ _ N2S) = [ >
y4(2)IY[ —|= 12 = Y 1 P 1 - X+, T +2p,
X+ pyx
B [ X+cC B e ¥-X C,
Ya :y[x+c j Vi = N 1 C, 1 - Yo y[X+C‘JeXp[x+X+2p‘ !
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3. Efficiency Comparison

In this part, the author has
compared the efficiency between the
suggested estimators and  various
estimators by using the conditions of
absolute biases and MSE values. The
details of its are as follows:

3.1 Bias
estimators

comparison of ratio-type

From (10), (11), (13), and (34), we have

(1) ‘B()_}l(l)’ Yaq1y> Yaq) )‘ < ‘B()_}Nl(l))‘

thatis, C< % (40)

(i1) |B(§1(2), Y22)> Va2) )| < |B(J_/N1(2))|

that is, C<% (41)

(iii) ‘B()_ﬁ(a)a Y23y Ya@3) )‘ < ‘B@Nm))‘

that is, C < % (42)

If the conditions (40), (41), and
(42) are satisfied, then the suggested

estimators (J_’N1(1)a YNI2) 5 and )_’N1(3))
are less biased respectively to customary
the estimators iy Yaqys Yaqy) »

Di2)s Y22)» Va2) » and D13)> V23> Ya3)) »

respectively.

3.2 Bias comparison of product-type
estimators

From (12), (13), and (35), we have

(1) ‘B(%(]), Vaca) )‘ < ‘B(J_’sz))‘

thatis, C> ‘73 (43)

(i1) ‘B(J_%(z)’ Vas) )‘ < ‘B(J_’Nz(s))‘

that is, C> % (44)

i) BTy Tae)| <[BGrae)|

thatis, C> ‘3:2 (45)

If the conditions (43), (44), and
(45) are satisfied, then the suggested

estimators ()_’N2(4)’ YN2s) s and sz(s))
are less biased respectively to customary
the estimators 3y Yay) > (32> Yags)) »
and (333, Yy(6)) > TESPECtively.

3.3 MSE comparison of ratio-type
estimators

From (18), (19), (21), and (38), we have

(1) MSE(J_’l(l)a 52(1), 54(1)) < MSE(J_’Nl(l))

if C<% (46)

(1) MSE(yy2)> Y2(2)> Va2)) <MSE(Yy(2))

57

if C<T 47)

(ii1) MSE (13> V23> Yaz)) <MSE(Yyy(3))

57,

o5
if €<= (48)

It is follows that if the conditions
(46), (47), and (48) are satisfied, then the
suggested estimators (yy,1), Vwi2)» and

Yni3) are better than the estimators
Diay> Yays Yaay) s Dhys Ya2ys Yaz)) and
Mi)> Y23y Yaz)) 5 respectively.
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3.4 MSE comparison of product-type
estimators

From (20), (21), and (39), we have
(1) MSE (3ays Yaeay) <MSE(Yyo4))

if C< ‘71 (49)
(ii) MSE(y32), Vags)) <MSE(Yyy(s))

if C<_TTI (50)

1il)  MSE(¥33), Yas)) < MSE(Vya(s))

if cx% (51)

where 7, =—= , Ty ==

X X

It is follows that if the conditions
(49), (50), and (51) are satisfied, then the
suggested estimators (Vyyu» Vyas) » and

Ynae)) are better than the estimators

3ays Yay) s 32)5 Vasy) and (733> Yace)) »
respectively.

4. Numerical Study
In section 4, to judge the merits of the

suggested estimators y,; and y,,

Table 2. The population data sets

Population
I II I
Term M. N. Murthy Khoslll\r/f:evisan W.G.
9] et al. [3] Cochran [10]
N 80 20 10
n 20 8 4
Y 11.264 19.550 5.920
X 51.826 18.800 3.590
C, 0.7500 0.3552 0.144
C, 0.354 0.394 0.128
P 0.941 -0.920 1.680

over the various estimators, the author
has considered three natural population
data sets. The description of the
population data sets is given in Table 2.

To examine the biasedness of
various estimators of population mean vy
we have computed the following absolute
bias quantities:

|BGwys Py Fa)|

B@l(l)»?zayﬂ(l)) _| 9)7C3 | _|1_C|’
B2y Prys Ya)|
B(yuzpyzm,j’uz)) = V2 = |Tl (Tl _C)|’
orC>
|BGi)s asys V)|
B(yl(z)’ym): Yay) =2 = |T2 (72 - C)|s
HYCX
| BOsays Yaw)| c
M3q1)> Vawy) — QYCZ _| |’
x
B(¥30y, V.
PO s XS 28] ]
(F32)5 Yacs)) 0YC> 1
B(»y1y, V.
B()73<3)= Va(6)) = (y3(03;_cj}4(6)) = |2-2C|5
x
B(yniay)| |3
()7N1(1)) = HYCZ = 5(5—4(:') ’
x
By - B(yN1(2)) _ 3i(5r1 _40)
IN1(2) g?CZ 8 ?
x

B (J_’N1(3))
B = poa
NI1(3) QYCY

3
%(512 —40)‘,

B(v
B = Ol _ l(4C—1)‘,
N1(4) QYC)? 8
B(v
B =[P 15 ey
(le(S)) 9YC2 8
B(yyi(6))
B(I’Nl(s)) = 2;;\21(26) = z-?2(46‘_7'-2) 5
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B(yyan))| |1
Iwvaqy) = QYCZ = §(3_4C) >
B _ B(.)_}NZ(Z)) _ 2(32' —4C)
na(2)) QYCZ 8 1 ’

B(yya3))
B(Ji/‘vz(s)) = HYCZ
x

- %2(35 —4c)‘,

B(fN2(4)) 3
Bivu) =l = (4C+1)
ovc: | |8

b

B(yyos))
B = om
v2() 0YC?

E

= %(4&71)

B(¥na6)) 37,
Bl = a |~ [ (4C+72)
oYC; 8

>

and finding are shown in Table 3.

Table 3. Bias quantities of different
estimators

Estimators I Poplillatlon I
3_’1(1)’ J_’zm’ im) 0.9936 1.8288  0.8900
Yy Yays Vaco 09934 19770  0.8234
Yoy Yoo Yay 09936 17711  0.8926
Vi Yacwy 19936 0.6288  1.8900
Viers Vas 1.9581 0.6014  1.2875
Ysyr Vaw 1.9801  0.6117  1.8249
Vi) 0.5355  1.7718  0.4600
Yy 0.5284 1.7658  0.4181
Vi 0.5105 1.5811  0.4013
Vi 0.8718  0.5394  0.8200
Vi 0.8585  0.5739  0.5857
Yo 0.8667  0.5258  0.7959
Yz 0.6218  0.6394  0.5700
Vi 0.6173  0.6211  0.4697
Yy 0.6201  0.6461  0.5628
Vi 13655 0.6182  1.2100
Vras) 1.2989  0.5117 1.1053
Yy 13401 0.5774  1.0870

From the Table 3, it is observed
that the values of bias quantities of some
few members of the suggested estimators
yyi and y,, are less in comparison of

the other estimators. For population data
sets I and III, in the case of positive
correlation coefficient, we perceived that
the values of bias quantity y,., is lowest

with respect to all bias quantities of other
estimators. For population II, in the case
of negative correlation coefficients, one
found that the yy,s have lowest value of

bias quantity with comparison to other
estimators.

In comparing the efficiency of the
suggested estimator over other estimators
in this present study, we have used the
percent relative efficiencies (PREs) as
criteria for comparison with respect to
unbiased the estimator y which details

are presented in the following Table 4.

Table 4. The PREs of different estimators
with respect to y

. Population
Estimators I I T
y 100.0000  100.0000  100.0000
Vs Yays Vawy 2908.9715  23.3928  108.5382
Ny Yoy Yaoy 288.7267  22.5057  104.7123
Tros Poys Vay 3315316 237668 151.0022
Y 473689  527.0649  20.9346
y}(l)’ y4(4)
Turrs Tacs 478177 6755013  27.9892
Y 475387  484.5549  21.5203
)@(3)9 y4(6)
v 592.3890  14.6275  154.4982
NI(1)
y 5719153 13.7235  162.1239
N1(2)
y 640.5185  15.0133  163.0460
N1(3)
¥ 520.6022 348.6796 173.6499
N1(4)
¥ 301.5186 374.8604 136.4437
NI(5)
¥ 531.0142  338.6975 178.0580
N1(6)
y 420.3491 3912801 132.5411
N2(1)
¥ 355.6011  369.0207 123.7205
N2(2)
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Table 4. (Cont.)

. Population
Estimators I opun 2 I
)_’Jvzm 416.3933  401.7911  139.5793
)_’Nz(4> 168.9643  780.3622  113.3635
)_’sz 181.6991  793.6975  133.5651
)_’Nz(o) 173.6042  790.9843  126.4133

It is observed from Table 4 that:

(i) For population data sets I and III,
when the correlation between study and
auxiliary variables 1is positive, the
estimator y,; is superior to the other

estimators. Because it gives the largest
value of PRE as compared to other
estimators within the same populations.

(i1) Also, when comparing the efficiency
between the estimators of population data
sets II in the case of negative correlation,
it has been seen that the PRE of the
estimator yy,s, 1s superior among all of

the other estimators. Therefore, the
estimator yy,s appears to be the best in

the sense of having largest percent
relative efficiency as well as least bias in
Population II.

5. Conclusion

In this paper, two chain-type
exponential estimators for the estimation
of population mean using the information
of auxiliary in sample following H. P.
Singh et al. [1] and S. Bahl and R. K.
Tuteja [2] has been suggested. It has been
found that some known estimators of the
population mean such as the usual ratio,
usual product estimators, and estimators,
according to H. P. Singh and S. K. Pal
[5], H. P. Singh and R. Tailor [6], B. V.
S. Sisodia and V. K. Dwivedi [7], and B.
N. Pandey and V. Dubey [8], are
members of suggested estimators. The

expressions for bias and MSE of the
suggested estimators have been obtained.
It has been also found from the results of
theoretical and numerical studies that the
suggested estimators are less bias and
more efficient than other existing
estimators. Therefore, we introduced the
use of the suggested estimators in
practice. However, this conclusion
cannot be extrapolated due to limited
numerical study.
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