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Abstract

The objective of this study is to develop the model for irrigation construction pre-qualification
assessment using an Adaptive Neuro-Fuzzy Inference System (ANFIS). Assessment data of the
irrigation construction contractors who applied for the pre-qualified irrigation construction contractor
list were collected from the Procurement and Supply Division, Royal Irrigation Department (RID).
Forty samples of such data were input into the model in order to simulate the contractor's
Qualification Scores. The score was calculated based on four specific criteria including experience
and performance, financial competency, human resource competency, and tools and equipment
competency. Thirty-six data (or 90%) were used to train the model and four data (or 10%) were
used to validate the model. Statistically, simulation result was significant, with a total statistical
error (RMSE) of 0.0101. The PQ-ANFIS Model was tested using five experimental simulations, which
cover all pre-qualification criteria. The results were as followed, Scenario 1: RID score was 27.17 and
Model score was 27.12 making it 4th place in ranking; Scenario 2: RID score was 38.79 and Model
score was 38.81 making it 3rd place in ranking; Scenario 3: RID score was 71.26 and Model score was
71.18 making it 2nd place in ranking; Scenario 4: RID score was 84.73 and Model score was 84.80
making it 1st place in ranking; and Scenario 5: RID score was 97.20 and Model score was 97.08 making
it Superior in ranking. According to the results from all five scenarios, it can be concluded that PQ-
ANFIS Model is a model with high accuracy and precision, high flexibility, and easy-to-use. The

model can effectively simulate pre-qualification score of the construction contractors.

Keyword: Pre-Qualification, ANFIS, Irrigation Construction
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() wisilsdindu A, uaz A, 337 2 (v) woadu B, uag 8, dautenuiimsiwesiiu ry, ry uaz r,
Tnelassadraanaiifugiuiuy Takagi Sugeno Kang Model (TSK) fingshuau L ng #fail

Rule 1: IF x; is Ay and x,is By THEN y; = rig + ripXy + 112X

Rule 2: IF xq is A, and X, is By THEN yy = Iyg + ropXq + FaoXo

Rule L: IF x; is Ay and Xy is B, THEN y, = 10 + 14Xy + 110X
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1 FFudnesned 1 33 149.00 12.50 9.92
2 FFudnesed 2 18 64.20 5.00 5.38
3 {Fudnesed 3 29 111.00 11.00 8.49
4 {Fudnened a 2 87.00 9.00 7.15
5 {Fudnesed 5 13 37.00 2.27 3.56
6 {Fudnesed 6 20 73.50 6.00 6.01
7 fFudnesed 7 38 280.00 47.40 15.30
8 FFudnenedi 8 25 90.00 9.05 7.34
9 F3uesed 9 46 308.00 68.00 17.24
10 | fEusesed 10 60 350.00 111.70 19.50
11| fEudesed 11 55 350.00 84.30 18.46
12 | fEudeed 12 60 350.00 125.50 19.80
13| gEudesed 13 30 153.00 25.00 10.94
31 | fFuiased 31 60 350.00 128.00 19.84
32 | fudened 32 60 350.00 91.50 18.81
33 | fFuiased 33 60 350.00 150.00 20.00
30 | fFudesied 34 60 350.00 150.00 20.00
35 | fFudesed 35 60 350.00 150.00 20.00
36 | gFudnened 36 60 350.00 150.00 20.00
37 | gFudnened 37 17 63.50 4.50 5.19
38 | gFudnened 38 30 132.50 20.00 10.00
39 f3uieed 39 55 350.00 82.20 18.36
20 | fFuiased 40 60 350,00 9350 18.89
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M13199 3 LWTBuTBuluman1sviung “AUUUETUINN”

vo v Model Actual APE APE%
WU
4 Grid Sub AU Grid Sub Grid Sub
18N
partition clustering FAUTETNU partition clustering | partition | clustering
1 26.43 31.15 31.02 0.1480 0.004 14.80% 0.42%
2 38.63 40.40 40.26 0.0405 0.003 4.05% 0.35%
3 61.19 63.72 63.68 0.0391 0.0006 3.91% 0.06%
4 85.51 91.15 90.99 0.0602 0.002 6.02% 0.18%
RMSE 0.2878 0.0101 28.78% 1.01%
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Abstract

The objective of this study was to develop a prequalification model for irrigation constructors
using an Analytical Hierarchy Process (AHP). Firstly, Contractor prequalification involves screening
candidate contractors based on a set of criteria established by each project owner. The model
implemented based on, the 30 pre-qualified lists were collected from the registration system by the
Royal Irrigation Department (RID). The expert’s creativity scores on a couple for the calculating
weighted rating of the 4 eligibility factors. For example, the experience and performance, the
competence related to financial status, the competence related to staff, the machine-tool- related
performance become the input of the PQ-AHP model. The weighted values of main factors show
the percentage of the experience and performance, the financial status, the officer/ staff and the
machine-equipment are 25.14, 54.87, 11.61 and 8.38 respectively. In this study, there are 6 situations
of the RID pre- qualified candidate lists for comparing the accuracy of the model with the decision
making criteria additionally. The results from the 1% scenario and the 5" scenario results reveal that
as same the RID qualifications but the 6™ scenario results which considering the RID qualifications
enlisted from contractors who are ranked third to fourth hierarchy according to the model result of
low weight in financial status show that the contractor moved to the fourth tier. Finally, those results
indicate that the PQ-AHP model was flexible and consistent with the Pre-Qualification results of RID.

The Primary and secondary factors can be updated in the model at all time.

Keyword: AHP, Pre-Qualification, Irrigation Construction
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CR =CI/RI (1)
Toed adwilinauaenades (Consistency Index: CI) faaunnsit 2

Cl=(Amax-n)/(n-1) (2)

dmsuAvirilnnuaenndoudedil (Random Consistency Index : RI) #315041910R9915747 4
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N 1 2 3 4 5 6 7 8 9 10
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Criteria 3, Criteria 4] A4LanIm15199 5 wartadesed (Sub-Criteria) 19vUA 21 Y998 1A8WAAINNTIMUNI NG

meAmtinANdAgyUestladeses Sub-Criteria 1 - Sub-Criteria 3 AIUAAINITIIN 6

A15197 5 assngmadrtnaudAyuetadendn Criteria 1 - Criteria 4

Uaeuan Criteria

Amimiinaanuddy | Criteria 1 Criteria 2 Criteria 3 Criteria 4 naus
25.14% 1.00 0.25 3.00 4.00 Criteria 1
54.87% 4.00 1.00 5.00 4.00 Criteria 2
11.61% 033 0.20 1.00 2.00 Criteria 3
8.38% 0.25 0.25 0.50 1.00 Criteria 4

A999 6 TS ngATnANuUdAgyUesladeses Sub-Criteria 1 - Sub-Criteria 3

238589 Sub-Criteria 1- Sub-Criteria 3

Aniwitdnaadiy Sub-Criteria 1 Sub-Criteria 2 Sub-Criteria 3 el
38.73% 1.00 2.00 1.00 Sub-Criteria 1
16.98% 0.50 1.00 033 Sub-Criteria 2
44.29% 1.00 3.00 1.00 Sub-Criteria 3

A13197 7 AANaenAdesiurameNg (Consistency Ratio: CR)

ATIVEDUAIAIINFDAATDTUYBUMANA (Consistency Ratio: CR)

Consistency C C1 c2 c3 ca
Amax 4.239 3.018 3.038 6.293 10.1327
CR. 0.089 0.018 0.037 0.047 0.097
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Influence of Polymer Fluidity Using Vacuum Assisted Injection Process
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Abstract

Injection molding of small and complex products is often a problem in injection because, in
very narrow and very small areas, such as the sharp end of the workpiece (sharp burrs), the plastic
melt cannot enter the cavity or short shot. Finally, the product was rejected. Researchers have
studied and applied vacuum ventilation for removing air from the mold cavity. This research
investigated the effects of compressed air and examined the dynamics of molten plastics in different
shapes to compare between normal injection and vacuum- assisted injection and observe the
behavior of the plastic flow in various shapes that can help reduce the compressed air trapped in
the mold cavity. By selecting materials, plastic grades PBT and PBT, mixed with fiberglass 30% and
using a plastic specimen with a Rib and Boss (small size) under the same injection conditions
comparison between conventional injection and vacuum- assisted injection. The results of the
experiment show that the use of a vacuum system to assist in the molding process injection process

allows plastics to flow better than conventional injection molding up to 2.11%.

Keywords: Injection Molding, Short Shot, Vacuum, Fiberglass
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Condition | Mold Melt Resin dry Injection Hold Cooling Cycle
injection | temp. temp. temp. Pressure Pressure: time time
Values 65° 255°-265° 140° 150 Mpa 45 Mpa/0.5 S 10S 41.75 S
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A15797 2 NANTINTIVABUIWINVBITUTIUANARTINTATIS WUALY

No Vacuum Vacuum (-170 kPa)
Point Specification PBT PBT GF30% PBT PBT GF30%
(rm) mean (mm) mean (mm) mean (mm) mean (mm)
Al 8.00 7.483 7.551 7.564 7.579
A2 8.00 7.497 7.640 7.715 7.831
A3 8.00 7.453 7.533 7.685 7.662
A4 8.00 7.471 7.578 7.613 7.598
B1 10.00 9.864 10.031 9.948 10.036
B2 10.00 9.928 10.061 9.928 10.070
c1 14.00 13.196 13.410 13.350 13.505
c2 14.00 13.289 13.516 13.334 13.608
c3 14.00 13.367 13.665 13.502 13.774
c4 14.00 13.368 13.597 13.504 13.697
D1 20.00 19.664 20.038 19.683 20.036
D2 20.00 19.710 20.025 19.696 20.035
D3 20.00 19.648 20.062 19.702 20.022
D4 20.00 19.678 20.009 19.746 20.022
R1 8.00 7.344 7.466 7.423 7.470
R2 8.00 7.253 7.452 7.300 7.460
R3 8.00 7.350 7.490 7.388 7.502
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nuanTInfanslunsei 2 wansdiiiuudiinlugansiain Al-Ad, B1-B2, C1-C4 uag D1-D4 il
Hansinlulufienafieniu fde uiazansiadnlunquinediutuinanisinseulaiiiu 0.1 fadwes {338
Fhnssiunakazilumaeds

Point A = 8.00 mm
7.75

7.667
.7 7644
7.65
76 755
7.55

7.5
7.45

Values (mm)

74

7.35
7.3
7.25

PBT PBT Vacuum Vacuum PBT
GF 30 % PBT GF 30 %

Sample mean

AWM 12 AadennTIain A

1Nt 12 uansliiiuinTaguanadin tnga PBT 3asnenszurunisaauuuldszuugaayinia
fiszagnislunisluaninniinisdasianszuaunisdauuuund 0.169 wu. Aadu 2.11% waziannaiadn
39 PBT wawdulawna 30% dasenszuiunisdauuuldssuvamayinie dsseenislunisivauinnii
msanfenszuIunsanwuuUNR 0.092 . Aty 1.15%

Point B = 10.00 mm

10.15
10.1

10046 10952
10.05 I
9.937
9.95 9895
9.9

9.85

Values (mm)

9.8
9.75
9.7

PBT PBT Vacuum Vacuum PBT
GF 30 % PBT GF 30 %

Sample mean
AT 13 ARFEIAATIVIN B

9107 13 wansliiiuinTagnanadin tnse PBT dasaenszuiunisdanuuldssuugyayinie

fszaznialunisivauinniinisaasmenssuiun1saawuuund 0.042 uy. Aatdu 0.42% wazTanwaiafin

9
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\n3a PBT nauidulawna 30% damenszuiunisdawuuldssuugyginia dszegniddunisivaninnds

ASARMBNTEUIUNITAALUUUNR 0.006 . Andy 0.06%

13.8
13.7
136
13.5
134
13.3

Values (mm)

13.2
13.1

12.9

Point C = 14.00 mm
13.645
13.546 I
:[ 13422
13304 T

PBT PBT Vacuum Vacuum PBT
GF 30 % PBT GF 30 %

Sample mean

AN 14 AedeanTIain C

1A T 14 wansliiuintagwatafin insa PBT dasenszuirunisdanuuldszuugygyinie

fiszaznislunisluaninniinisdadianszuiunisdauuuund 0.118 wu. Aadu 0.84% wazTannaiadn

39 PBT wawdulawna 30% dadenszuiunisdauuuldssuvamainie dsseenislunisivauinnii

ASAAMBNTEUIUNITAARUUUNG 0.099 w3l Andu 0.7%

20.2
20.1

20
19.9
19.8
19.7
19.6
19.5
19.4
19.3
19.2

Values (mm)

Point D = 20.00 mm

20j[33 20T8
1974 19106

PBT PBT Vacuum Vacuum PBT
GF 30 % PBT GF 30 %

Sample mean

A9 15 ARREAnTIdR D

910 nd 15 wansliiiuinTagnanain tnse PBT dasienszuiunisdanuuldssuugyainie

fiszaznislunisluaninndinisdadianszuiunisdauuuund 0.032 wu. Aadu 0.16% waziannaiadn

n3n PBT waudulowia 30% dadienszuiunisdanuuldssuvagyinia dssegnidunisivatdesndn

AMSARMENTEUIUNNTEARUUUNR 0.005 wul. AT 0.025%
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ORIEREIAG

(% 1Y

nmsidelaelddan PBT uazdan PBT naunanalviues 30% daduianndluadildreudieenn

%] P Y] o & Aa A . A & < P
WhanldiluTannaaesdnduaunaaesiifiasu (Rib) uazildiuyuresBuny (Boss) vuindn neldkeuly
ns2aLfegliu Aamenszuiuns@awuuuninunisiaiuuiissuugyiniadiungle wudtiagwaiasn
3R PBT waunanalvliues 30% adalafnindagwanadin inse PBT waznisldssuugaamednuntiely

nszviuNsAatuansatielinaainanunsalvadilafniinis@amenseuiumsBauuuuni asan 2.11%
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2. farausuuzlunsidoassdoll
2.1 Wi uiuvesiegmaaes Wenuwug remanisive

2.2 NAABINUIUB NWULDUNLAMUTUL DU
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nadeaseliiingUsyasd (1) Wefnwrguuuuilandunisiauresivled uasngnisbiduwuzi

Y

(% 4

WdsviesfisImnanisinunssnelnie Yaniamasysal (2) Wlemunszuuuugiumasvionisang
msinuassLneINAe Ssminimasysal sevdnnisesulnlad uay (3) ileUseiiiudstanBamszuunuzii
wdsvienfisamaninnunssinende Samiamesysal fevdnniseoulnlad §Aduldfmuaduneu
Mssiunudse 3 dureu fe (1) mafununadoyassdanuimaieaiismnamanunsaniduladuay
Fimnug/idemey (2) mawanszuuuugh Uszneusie giuanuiesulnlad grudeyaidedusiudine
TUsunsa MySQL 7191 SPARQL command d1wiuiszananaseulnlad uazniw Python waz PHP Lite
W Susenndedu way (3) Ussduuszaninimszuusuziilasldniswien precision, recall waz
F-measure uazdszduamufionelaglieszuy nanmsidenu gruanufesulvlad 8 3 sedudu $1um
27 Tnuaanud wazdl 5 ng Tunisuusidr nsusedlivdssaniamszuuwugdilaai F-measure Wiy

88 5% wagflifanufianeladessutlunmsmeglussiuinniian (X = 4.61, SD = 0.65)
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Abstract

This research aims (1) to study functions of website and rules engine for recommending
agricultural tourism in Khao Kho district, Phetchabun province (2) to develop the recommendation
system of agricultural tourism in Khao Kho district, Phetchabun province by ontology and (3) to
assess performance of the recommendation system of agricultural tourism in Khao Kho district,
Phetchabun province by ontology. The research process was divided into 3 parts (1) collect
agricultural tourism knowledge from websites and knowledgeable persons (2) develop the
recommendation system consist of ontology knowledge base, Relationship database management
system (RDBMS) by MySQL, SPARQL command for querying ontology, Python and PHP for web
application development and (3) assess the performance of recommendation system using precision,
recall and F-measure and user satisfaction assessment. The result of research found that the
ontology knowledgebase has 3 levels 27 nodes and 5 rules engine. The performance assessment of
recommendation system was F-measure 88.5% and user satisfaction overall was at highest level

(X=14.61,SD = 0.65)

Keywords: Recommendation System, Ontology, Agricultural Tourism, Khao Kho
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anulunuazanudAyvaslyn
Hagdugnamnssunisviouiedluimiamysysaildifvialuedrauin dunnldanaia

A5YBUNLIVBINTLNTINTVBINEImaE A AT ITURNT LR 19saLlas n1svioaiendwTuianssunig

o o a = v o ¢ 2 v W ¢

wiswgnandAydnUseinnuilavesdamdamesysal Fedminmesysaliinmsimuagnsaansdmia 4 U

v v

= o

(2558-2561) wazdin1simvuadderintvesdaninliin Auuauurisaiuauuesauagiasiuiou Inadamin

v '
a

asysaliiiud fednvieadisadeudnuvieniernniign fe sunelnde Lesanenmduauienased
LLazLﬁu@uéiaum’mmmﬂmawmq%:}mw Wuﬁﬁmasﬁuﬁ:é’mi (Kaokor Subdistrict Administration
Organization, 2017) uazfianulasivlusunisviesiendanuns FareiliiAsnsnszaneseleg
visiulneilalonaliinvioniioaldvionloaquaunianymInssy 2INANUNAINVANEYDIHAANANIS
MSNYATUALANUAIBNUAUTTTURVDUS8NEIULSU (Department of Tourism, 2009) Faunsviesiien
Baunwnsiadunmadennisveanunanslunsusznovendn wagadumeldliuiussmsulugumuiionu
TudlagUuinvienilenlduiudsunginssuluaugaaliy Tnglddumefidndudemsddylunisdifa

[ i

foyasunsvieaiielegrsunsvans uadwszautgmilumsduduteyaiitensdadulasunisviouiiend
wwseddteyanarsiunazaniuledvansunasnldlunmsdndulauaziuioudisuiuienadeniiafign
Wy i n153391nnviendien uazauvasadslunisvieadien udu wiluduledtagtuasl
wadnsianiziFosiidesinisduminduy liawsadeulondsaumneifiefufudoyaaisaumai
\Rertesuazduiudiuld siliinvieadisadeadsnailunindrfedeyanvaneiuledifielilduadning
ALFDINT TR iamﬁy’qmﬁma"wﬁummﬁﬁzymmmiLﬁaﬂamuﬁ'ViaqLﬁaa‘ﬁ'mmzauﬁ"quaﬂiimas
anufesnsvesinvieadienfifudsddey Aamsoliduuimsdunsindulaliuddnrioadien
ooulnladifunmnihianldusseslasiadauasaudiiudvssssuuiulmanuuddudy uas

[

gnianldlununatgaulasianizaiulygyiussfvg (Marketingoops, 2016) soulnladazdaeiiu
Usgansnmlunsiuduteya Tnsastisvensmulnindedeyaldodsmniuasldnadnsnsmudily
fioamauniian msidetldianeoulnladfilasademnuduiusaudoyaasaumeadiunisviondle
msmsinumsfinszanseguuuvasdeyaseulatl wazesdmnuiangidsnasumsveadien diooulnlad
YITIUTINTBYAAsAUNALIUNTT I sE UUTIUTRYALTIdNITLS wasYivinlinisduAulitoyaansaume
foglurouiniiinvieaiisaaulanndedu iesneeulniagdiosuunmnany adreanuduiusuas
Foula uagldnrumngluseduidenianug lugduvunsidl Geanunsaldniw SPAROL Tun1sAadiite
dfsanuduiusvadivuaanuiusiasinun uarasdnluluseduduanuieine deglureviunauauls
Tusdafien wasvililddeynansaumaiigudnuasdniaunndstu (Nithiyuwith, 2020) TaensiauIszUY
Lugiuvasisaismisnisinunssendnniseeulnladvstroiindszansawlunsdududoyadil

v a

audndusonisindulanasiiertosiudenunu s uuiiugIuresEn mEUNIe 5283181N19RUNN

a =

Aldane wazdeyadfgalasenineme Jslasunfidnvieafisnvzdeadrlududuanivledilinuivae
uwrasudrTevinsandula Meivinlaldivgudnansivimdnluntswusiuasdredadulalunisvesiien

Banunsvassnnenfeliegaliussdvsnmunnninivledguuuuiiy
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AQUsTANAYRINITIRY

1. ilofnusunuuiladdunisihauvesduled wazngmslimuugiuvameaiioamansines
F1NBLIAD JNTALNYTYIA]
2. Weannssuuuusthuva veaiionsmanusssuneinde Smiamysysal sevdnmseoulnlad
3. WleUsuiiulszansamssuuiuziuvawisaisinansinunssnelde Smiamysysel

menannIseaulntad

lNE1THazUILMAEITRq

anuivisadlsndanunslusinsinnde

sunandoldnaneuduunasisaiinrfiddyvesiminmusysal lunsazUidnvieadieaniuma
uwisafendudiwauunn iewnwiadonmdumsnumesssued ufinisvionfiendanuns Bouv
AANTTUMTIINITNEAT AUSEUTLAYIAANYINNUATUNITINYAT TINRINTTIMINERUAHAKERINNITH
inwnsnsliudtinvieadien silvidnvieadioalsmuuziuinumsnsiaensauasldduiauazifiuguuuunisyi
nainuns wasAanisuanivdsudeusifndu silfinwasnainidslauasdnrieadienfldnuiuayinig
PNLNYATNIIAERTI (Kaokor Subdistrict Administration Organization, 2017)

wuRnaulnlad

2aulvlad (Ontology) A WWIAHAATLNITUTIIEAINSDE1 ATV ULYR wiedntfenilafumsdeny
wiormuslaseaine wazanuduiudvesdsiiaulalifianumng auveuwnvesesdnug agldaara
(Class) Anuduiudsswintenaa uazauaudivesnana (Properties) JULUUNMIUTIBIB00UlIAITuDE
mwildunudoyaifenanumang W XML, RDF, RDFS wag OWL Tasus aznmwiflanuannsauazdediia
Tunsussenedeyaldunninedu Wy JUuuUTesaTYY XML wingamiuldssursuaniudeyaludiuion
ilinwdanaentunisihuesueauminevesdeyaiiegranisusegndldeaulnladluanuiumiieg
wu madenlosdeya msairsmnuduiusvesgrudouatyguszing nmsdanisesdnimg wagnisuiu
Wasuuuueswestaya iud iesnesulnlaildfemssuuiiAnuilneglusuiBsaufauuuddudy
demniooulvladdngnunldlunisinngudeya vieudonnamdeyalnsmsatanuduiusdayalv
agiiuﬁﬂwmz Parent-Child (L. Kerschberg et.al, 2004)

nqufn1susziiuanugndeslunisiududeyaangiuainuieeulnlad

suauieaulnladauisainusednsamlunisduaudeya lngAruiamia1szdn (Recall)
AN (Precision) wagdns1n1533n (F-Measure) Tneft A o Srurudeyaidudulsuazgniomna
anwaula B fie druiudeyaigndesmuanuaulaudligndudu uay C Ao S1uruteyadifuulius

Ligndesmuanuaula deauniseeluil

0, =
n Cx100 %, Recall 118

Precision = x100%

(Precision x Recall)
(Precision + Recall)

F — Measure = 2x
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MAdedesmsivduteyaiinnumneveimsvieaiinlnessesulvladlagld ROF uaz SPARQL
(Tupmongko and Pilabutr, 2016) {3t lfinnsAnwideyasnienarsuazdududeyaiifeidosiu
waluladiiuiBannumine (Semantic Web) saulvlad uduhanmenudstusvesdeya iethanasnuuy
wazaisooulnladlagly ROF (Resource Description Framework) daidulassairsmsifiutoyadimiulily
szuvduAutoya wazanllunisastavtivediunisindelazn1sduAudeyanieniuvl HTML JavaScript
waz PHP 1ngl4 RAP-RDF API for PHP Lilefisdoyaainlild OWL (Web Ontology Language) #iléian

nsadeeeulnlad Ingldi8n15 SPARQL Query Tunsdusudeayaainlue RDF uazauideses n1swmun

[
v %

szuudansnsdaruinueiiuduiearluiuiimamienaudns tiensdualuuasmounsfay Tamss
Ing Ingldoaulnlaluarinfifeidinnnumane (Sittijuk and Sanchana, 2014) Wui1 JULUUFIUANIROUY
TnladiFoswnunifudutinasluiuiinamionaudns UssnoudeseasiBendemanszanuiiiang
Yuauelugiuauiduunld 5 d1u ldud drudszifanuduun duendnvalianizaulunisaziay

AUNENIIUNTINIAT AUARAIILLYE kazAIUTURUUNITAIIUATEY18TENINTNAUAT ANHULITE

>
. o

aasUaudasntsilematszunimuissuudanisesdanuiaunitudutinazlnslfeoulnlad
wag INMAeRIMNIY uagldununin Use case anldesuialassasianisiauvedddsunsy waglad
nsUszifiuanufianelavesdliffidoszuudnnisesdanudauniiiutiudsaay S1utuiisdu 100 Ay
fiannuAaiuinuszaninainnisinueesszuulunmsinedlusgduunn uwaznisesnuuvesulnlailu
miAseifldvdnnisesnuuuanuuasdns (Top-Down) demndasiiu Chuenta, Thongkam and Phuboon-ob
(2014) lsvhmstamuesulnladdmivszuuliduugihdeyanisveaiion lumanzfusenideavileves
Uszinelng Uszneuiie 5 aarandn Aenatamania Aatainn Aanaiue1ms Aanauvasvisdiien
AaNEAn1UT LazAa1aNTLALUN1e TnensesniuyazisNIiATIZian Concept Mluvasidoa saume
finsuugihuminvieaiisafinrusamnuvasdoyanasfiony widseduisversuruinnudingg uas
afvduiusludsnnumneifionoulandanudosnisvesinteadeadidedinaulavuiiugiuresanin
dumng szeznaImaiiunie aldine wazidenanuivieniieaifanuduiusuiondoadaiulusn
anmuwndounardsiagala Tuianuddeilitn ununm Use case uildasunelassadrsnishaiuges
szuuuuzthe 109970 Use case ifuununniunzasiluniseanuuudsingiiotnauelidudsiunon
M3UTDIENALS Wag Use case Aaunsauandliiiiuds Class lusmuesnian fidoulesiude Class

Ausluseulnlaidladnime
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waziinsnuTIuTIndeyastdnnudifearfuunasmioniisrnnivled enaisuasurastayaseulaui
Weiala (Explicit knowledge) wazannuszaunisaings (Tacit knowledge) VBEL¥EIYIYAIUNITVIDIUNEL?

wa A = b4

Wanuns 319w 5 v Fellauaud® Ae danuikavyszaunisallunsdnlusunsumsviesiedununsns

Y

v
=3

Tuguneinde Tanimmasysal lidinia 5 3 JulU WesumumnuAafiuianldairsngmsuuztumas
vieuiifustlovisotnvioadien

fupoudl 2 neianIzUULLEUE RO TiBamenTineas Snelide TanTaiwysysal
Faemdnnig seulnlad fAdeinisoenuuuduneunisUszaavesszuudisununIn UML (Unified
Modeling Language) uazimunszuu wuneandu 3 @ laud (1) maiaungiuanuioeulnlad ngld
LUsunsu Protégé (2) Mswmuszuudnn1sgudayaeduiug lnaldlusunsuy MySQL wag (3) N5
Tuganisdamisgiuauiosulnlad wazng lneldn1w Python estu 3 Aulausnd ROFLIb uaz PHP
nestu 7 nM3miauiainesulnlaifmioniun Spargl wazuanidsudeyadie Json szninedau
nsUszanaralumandadiy fudiunaniua

Funoudl 3 msuvszfiudsyanBauasanufianeladesruuiugiundsieniisanianinnuns

Ya o o

sunoide Sandamusysal fMeovdnniseeulnlad lnefildervng §iTevinsussansamnisdududoya
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Abstract

This research presents a rice weed classification framework using neural network with transfer
learning for mobile images. The transfer leaning technique is employed so that high-res images by
Digital single-lens reflex (DSLR) in the closed environment setting can be reused in the mobile
environment setting. Other existing related works mainly rely on feature extraction in closed
environment. In pre-processing steps, image segmentation technique is used to separate background
and dust from a rice image and re-scale the rice gain image using known- size of a one-baht coin.
This step improves accuracy from 49% to 67% using DSLR model. This work constructs VGG16 and
Resnet50 then find-tunes with empirical hyperparameters. Also, an evaluation is conducted on three
input and model combinations which are 1) DSLR and mobile images, 2) mobile images retrained
with DSLR images, and 3) mobile images and 30% of DSLR images retrained with DSLR images. The
first method gives highest accuracy of 95%. However, the third method also gives high accuracy with

less training data.

Keywords: Transfer Learning, Rice Gain Classification, Deep Learning
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Abstract

This research aims to develop a policy framework for technology transfer from the
government to farmers in Thailand by applying organizational factors, government agencies' policies,
the technology transfer recipient, the technology transfer recipient and the process and technology
used in the development of the policy framework. The crucial procedures include (1) developing
government technology transfer policies, (2) putting those policies into practice, (3) overseeing and
assessing those policies, and (4) assessing the effectiveness of those programs. The quality of the
policy framework was evaluated using qualitative research techniques through focus group with two
sets of ten experts and experts group participated in a quantitative research study using a policy
framework questionnaire. The findings demonstrated that this policy framework is suitable and may
be utilized to develop policy on technology transfer from the government to farmers with
effectiveness and efficiency. The opinions on the factors influencing the success of the policy
framework, the policy process procedures, and the overall policy framework were also at the highest

levels (mean values were 4.74, 4.75 and 4.84 points, respectively).

Keywords: Technology Transfer, Policy, Significant Factors, Process
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(Improvement and Expanding Agricultural Land) tazadsnisnnaiuuiauinisaneveamalulagnisinens

szauUIf (National Planning for Agricultural Technology Transfer Development)
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Abstract

Thailand now faces many environmental problems, particularly air pollution and particle
pollution in many cities. These cities are economic cities and have industrial zones, congestion of
people, and heavy traffic. Previous studies showed that levels of Carbon Monoxide (CO) or Nitrogen
Dioxide (NO,) exceeded the standards at 30 ppm./hr. or 0.17 ppm./hr., respectively, in industrial
zones, or congestion areas. People, who are living in these areas, are facing severe air pollution crisis.
Moreover, people rely on the air quality reports but in fact air pollutants are still affecting the people
health. People are not aware of the risks and do not keep themselves safe. The average air quality
was reported by the Pollution Control Department in a particular area. Based on our survey results,
we found that the air quality or the levels of pollution in certain areas is different from the AQI value
reported by the department. People suggested that they did not regularly access a web site to see
the air quality report. They did not know exactly what pollutants are in the air. They need to see
real-time air quality information and request to see proactive air quality information to make people
aware of pollution. We proposed the development of portable air quality monitor devices to solve
problems. The devices are small. They can provide high-accuracy measurements and can be
equipped with the vehicle or mobile unit. They can be used to measure air pollution levels in in
certain areas and provide a real-time report. The data from each device is sent to cloud through a
wireless network. Government or non-government agencies can make data-driven analysis and
decisions, gain more benefits of sharing data, and utilize them with existing data. In this research,
standard equipment was designed and developed. The Front-End and Back-End systems were
developed to properly manage and store data, link to data sources and visualize data efficiently.
The proposed solution in this research differs from prior research. This research serves the following
purposes: (1) enhancing climate technology development and transfer, (2) developing open data

platform for environmental sustainable development, and (3) serving the country's public health.

Keywords: Air Quality Index, Portable Air Quality Monitor Devices, Cloud Computing, Real Time
Monitoring Cloud-Based System, Digital City Eco System
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Effects of temperature and pressure to fiber orientation and color intensity

of plastic part by using Taguchi method
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King Mongkut’s University of Technology North Bangkok
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Abstract

Plastic injection parts with fiber reinforce always use for applications of high-strength
injection parts and sometimes for replacement of metal parts. However, part surface problems were
concerned due to limitations of material property, fiber orientation in plastic parts, and improper
injection conditions. This research aimed to study the process parameters that affected fiber
orientation and color intensity of plastic parts. Taguchi method was applied for the design of
experiment (DOE) to analyze the results of average fiber length and color intensity for the injection
part. The main parameters which were melt temperature, mold temperature, and injection pressure
were investigated as injection condition settings in DOE. Plastic flow analysis software was used for
the investigation of average fiber length and colorimeter equipment was used for color intensity
indicating. From the results, the parameters that affected highly to average fiber length and color
intensity were injection pressure and mold temperature respectively. The average fiber length and
color intensity results after improvement with the Taguchi method were 75.62%and 23.12

respectively.

Keywords: Fiber Reinforced, Plastic Injection, Color Intensity, Taguchi Method
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Tinsruinanlglunisiufiy amnusukazAusIlun1santiu danasenissesivesduloEsulsiognadl

Tudnfy (Li et al, 2017) lasinsAnwnfisdnsnwavesmsinasesnanainidmadonisisessivesinivesias

AuaNTRIBINAY0ITUNUNAERN (Huang et al, 2021) udinvinlddnduaiuazgnosniuulviiniudives

q
[ '
o a

thmanaiin (Gate) AuAnATSFULALTLIIUAINNTVIARDIYNVAABUAILLMTFTU ASTM D638 Tanaiiliuans
T manainifdunammonduledanmifdnafigduassiuuunslvavemaaindwmaromaEes
vouduleaTuuns
1nTeRiulFInslilusunsunenfinmefuaziaiesilenadfiiunvioiioiinsziuay
Anwrlgymannms@ananadin lUsunsu Moldex3D tagninanldlumsiiaseinisiiesinvesdule Tnavi

A15.US8ULABUINN1TASIS Mesh NLANANaTY GINanlakand i 1NaaInn1s3As1ewaeTUshNTy

[
a1

poumestuilAlnalAeeiun1sAaeIase (Foss et al, 2014) Tusunsupoufwmeosdeladiuntaely
MyIRTErinssevesdulslunudaiuuratedan (Huang et al, 2020) nafilananslyiuiansS o
vouduleflndidssiunannnsiessiselusunsuneufiumed uenannsenuiefunareInssed
vosduloiaSunsonuanifdinaredunuudiu 1insinuimanssnudanansenumenuiates
Fu91 (Roo et al, 2022) TneAnwrfunanafinusvinn PA wag PBT fildrunauveaduly 30% nasann
nsAnwuanddfifiuinnsdesfivenduletudinareauTAinatar AU 1URve U qmugﬁﬁ
Rvhusifaniuaznisidesfmenduleaiuussldgninwmanssnudenunmiafildvostuau wu

FRULWOUYU AUNYIURILAZAIIULANAIVBIFUURITUIUNAEFN (Wang et al, 2013) Laggaungiin

Y
o

Hamiuifu i urdInalnen s e AU NI URILAL AN VURIVEITUINY 91N91UTT8 TR uNTY
nsfnwnisiesivenduleaiunsainsdudulunnsfnwandfideng Fedainnisdnwiieadu

HANTENUAINGIFBAMNINDUY VBITUIY
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NSAULUIAA IUNITIAY

dopnaieuendelunszuiums
HARTUIUNA RN AR E T UREN B
wdllawaduuss
vinnsufly
wuuLafuA
msieszirugndiedlunis ) I
pRNLUUWINimeTU LNy AT , -
v = i . = -
NI asnamudinfudasnie ¥nsveaesdnnadfin
v e w diw .
fhulsdasziunadild wazsIusdaya
lm‘u T l
AuaALlIdds: . —
o e w a . ASIADUNAIATIZNAN n19AsIdeUNaT LAAnNNsnad
1. gomplvesfiwnuafin )
. - -
- - msdrassnisdauaznis 1. aannslsunsumaufames
2. guvniivasumanvamaann ) ‘ ;
- o 4 . -
9 - - Sewhveaduly 2. \p3e4 Colorimeter (Taaudud)
3. anwsdlunsiananadin 4
1 4 3. LAT9I microscope
AN598ALUUNTNARE (DOE) milwaevnislvatemaaiinde il
FgTennt - Tusunsumoufinned asUnan1IVIARe]

AN 1 NTOULLIAAIINIGTINY

a = o

nsimuansaukAnluNTIeAuansluzun 1 asdnwiiiuysBase 3 Mfe guuniivesiiang

! ! a v £

wiiitu gungilvasumalvesnatainuazaiuiy Ndawaden1sisesiivenduloiatunsanigluduauy

aad a '

wanadn lunseenwuun1maaeatiuazldisnisnadanteninisnind ieantunsunazsveviiaily
n1snaaes lun1sdnasanginssunissesdvesdulaaiunsiwasRaulelunisdnanisnigiuu ald
TsunsupsuinasidiinislusanmanaziniANangaluiinmaaesdnase nsnsivaeuiusuagly

wisarinAAnududkasndesanssmiiiawSeuifieunaila

oA NluN15ITY

N50BNLUUNITNAADY

Tun1shasizinisinavesnanaindielusunsupeufinmesifiosiasinanisiioadivenduly
LzﬁuLmLLazmiwmaaﬁmwmaaﬂLﬁai’mwmmL%’mmmﬁﬁ”’uaﬂ%’%ﬁmimg% \H90DNLUUNITNAADILUY
\WA3NgAINA1519 Orthogonal array WUV L-9 (3%) Fadsznausie 3 Mudshe gauvniivasumad gumngi
wsifaiuazausuin Tngluusazsudsiuesd 3 seruduandumsei 1 lunsldnsdunuu Sienal
to-noise (S/N) ¥9s38MnBiitevnAnadedliianansznuvesiiade Noise mugluuuvesanssausiuys
wazvimsind Tumslingiteyaanmsnaassazfiansanaindidainvemngdivilvinavesrn Average
fiber range ﬁmmﬂﬁqﬂ (Larger-is-better) auauns7 1 TngAfanantuazuannasnsduALeIves
dlemevdsannisdananafindsazuanaiumieiedidud Tasrfigsazuansitanuenveaduls

wasneluFuanuialnalfgaiuunn
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2
=1 Ji

S/N,=-10log 1Zi (1)

[

luvgnisnaaesind1ANuduresdtulriansannAiinven@nilinavesAaieiliaiosign
q

'
=

(Smaller-is-better) AMUANNITA 2 FINUIBAIUINTAIANUTUFUINNEN dudkUsRtUlARIMUAITAS

mvanmUsientadenieueniinfutiosianiu Ussansn1na3esdng anmeinaviseruumau

S/N, :—lOlog(lnyj 2)
n g

A15199 1 Ardadeuazseaunlelunisesniuunisvaasauagnsaanalddn

JEAU gauniiviaeumial (°C) QaUUTUITNA (°C) ANUAUAA (Mpa)
1 260 70 90
2 270 80 100
3 280 90 110

nsAasznIsivavasnanafindlelusunsuAaNNImasuaTN1TVIAARIdANaERN
lunsiwaerinisivavesmaradinagldeulumunismeasddunisei 2 Fusnulunisnaasstiugn

wanaaglunini 2 (n) Tnevunm 80.0 x 118.0 x 27.0 () TynaduuuAwdeuvun 4.0 x 4.0 x 2.0 (1)

(%

Fauansluguil 2 () Samsiusifianie dninsn P20 uazwanadniildie PA-MXD6 1nsa RENY 1301 wos

= a | v

Mitsubishi-Engineering Faildnsdiuveaduleadunss (Glass fier) douminegi 30% gumngivasiad

YINaIaAnilAT 250-300 °C gaunniiuaifainlylasien 60-100 °C gaunniuanves¥ue1y (Ejection

9 U

a 1 a

temperature) 188 °C uaggauunivienlya (Freezing temperature) 208 °C YuIAva9ULTINN (Mold base)

U 9

Fuun 350 x 350 x 200 Uy,

(n) ()

ANT 2 FununlglunsnassRanaiadin (n) warnanvasnata@inman ()

WeulvlunisdatuagrinisdaAinnusalunisda (Injection velocity) 1 80 % woeAgedAvel
WASBIAANNUAINT 3 (1) wagvinNIsAIAUsUlunsAnAIsuEaulenlseanwuul I udIag 19 luA N 3

() LATBIRANANARNN LT IUNITILATILKALN1SNAARIaATSIUULE BN TATRIEANa@RNEYie NISSE]
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@

$u NEX110-12E-B275 FaflusaDauaifiant (Clamping force) gsandl 110 #u Usunamanadingeqniidnle

9

(Shot weight) 116 n¥uuazmNFugsgandnls 176 MPa

10000 176.00

000 158 40

14080

12220
550 |

BE.00
7040

5280

Injection Velocity (%)

L

Injection Pressure (MPa)

1000 1760

.00 oo b
1828 6784 020 s2.78 4423 ares 3015 28 15.08 T84 000 TE 38 &T.84 8030 EaT

4523 res 30.18 2281 15.08 TEs 0.00

Ram Position (mm) Fam Position (mm)

(n) (@)

2NN 3 F9819N15HIAIAIULEIIUNNTENN 80 % () LazANUAUTA 100 MPa (V)

N1531809n156589R v dulLESuLSe (Fiber orientation)
TunsiwszinisiseasvenduleasuwsineluFununatainmeluswnsunauiimesiy Azl
Handun15As189 Fiber orientation nelulusunsy Moldex3D (Peter H. Foss, 2014) Lilauaninazuwuy

NSI3ERILAEAIUS TiNeItsRanansluannisi (2)
A=A L AUP(C,, C,))+ AR (@) )

Tngaun1s7 (2) duagiluaun1silauiannnissuees 3 wenseiude Jeffery Hydrodynamics
(HD), improved anisotropic rotary diffusion (iIARD) tag Retardant Principal Rate (RPR) lagi#i iARD Uy
wnuiseAIfLUsasiife A“R uay D, uwnuiteduusz@ndandusiug (Correlation Coefficient) Buq

fauanduannisi (3) wag ();
AMED = 512(D,)=2tr(D,)A—=5D, - A=54-D,+104,: D, | (3)

D2
D,=C,(I-Cy 1) @)
|27l

A AMRP gzysynaulfedmnsifives Cuwazr C,, lnedir y AeArnnuduideu (Shear rate)
A D, A9 Anisotropic rotary diffusion tensor %ﬂ%"ﬁuagjﬁuﬁ’] 2tr ¥3A9A1 The square of the rate of the

deformation tensor A1 D e The rate of deformation tensor A1 A A The second-order orientation

order #1 A4, Aa The fourth-order orientation tensor wagAn I Ag Identity matrix
LﬁaD:%(LTJrL) fio Symmetric part of the velocity-gradient tensor L lme?l L fAe The
velocity gradient tensor wagAanals HD2H: I1p2. p2 A8 norm of tensor D* dwisudn RPR wuay
2

a =2 1 <3 o a a . .
23UNYRINISMUANUS O NEUlULESULSIMaDANS laTaInanain (The slow-down of fiber rotation

along the flow) Fsa3uneldainaunisit (5);
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ARPR Z—R'AIOK 'RT (5)
153}
A% =ah i, j,k=1,2,3 (6)

= 1

dlo AR faen Similarity transformation of linear algebra, A" uaz R Aedn Diagonal tay
Rotational matrix A1 R” oA Transpose 184 R uazA1 T A9A1 Transpose operator of a matrix A1
Afl.OK fio The material derivative of a particular diagonal tensor wagAn Superscript ADNATINYOS The
intrinsic orientation kinetics (/OK ) A1 R = [el, e, e3]ﬁaﬂ'ﬁ The rotation matrixitag A, (21 A2 2,3)
FoAanwaziane (Eigenvalues) 909 A4

A1 C,, C,, %oz a fAoAmsiwesvasufisenseninadulewasuwss (Fiber-fiber interaction)
wazgnimualif 0<C, <0.1, 0<C, <1, 0<a <1

MsasavseuAIA MUt uveEULTUY

A15A5deUAIAINAENE (Color intensity) axldiadasfiofi3andn Colorimeter B%e CHN spec
(Model: CS-10, Sensor: Photodiode array, Color space: CIELAB, Illumination system: 8°/diffused
ilLumination)Iuﬂ’liﬁ'ﬂﬁ’lﬂ’s’mL‘ﬁ'uﬁﬁuﬁlzé}’mam’mu’]mg’]u International Commission on Illumination
(Souad et al,, 2019) 1384 Colorimeter ﬁiﬂﬂumii’mﬂ'wﬁugﬂLLamﬂumWﬁ 4 (n) Inedidreveanisin (L)
Tug29 0-100 TngAn 0 agvnefsdmuase 100 avuuneiednn lunstaaduasshnsTaisumisuy
Funudmandunmd 4 (@) S 3 Sumishefusasimildurhnsmeieisiiensisaeusany

U UDIRUUTUIIU

AN 4 P399 Colorimeter @NMSUTAAIANULTNYDE (N) WALATLAUINTAVUIUIIY (T)

n13nIREaUaANEMzNsREivanduleEt I itendeganssad

Tumsnsnaeunisdssveaduloaduusainisluunuiuaginawioniunudeisnistn
(Milling) nA7¥usuadly 0.5 uu. Wegaruunnssiiiatuainduslustasdouls Sunuiildainnig
neaesfsdouleiitfigaainiimgiluased 3 asgniuisuiisuiuiunuainnsmaaosiedeulyd 9

311015199 2 lun1sasiaeutuazldndesganssatiuufdnea (Digital microscope) 890 HIROX
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a o o ! o A o 1
UNIAIVYIYENEAR 10000 t1Tun15992980U TUNITNTIVEOUILNINITATIVEDUNARUIANIDLAY 2 UL

FUNUNARNAILAAIIUNIND 4 (V)

[mm]
May oy 0.340

0.299
0.258
0.218
0177
0.136
0,085

0.054

Min 0.034

A 5 Nan1531809A1 Filling average fiber range

NANTINTIY

1. wamsAaTinisteeitveadulelstunseanisnigd

nan1svaasan1sssiiveadiloaiuussanlusunsunoufinmesingltitoulunsmaassieis
yyBgnuansaglunisnsd 2 wavesAnadensSesivediuoiiiffignnlsunsueefiumesduldsuan
nannaesd 9 lnefld 7234 % Geuansfedneusniadsvesduloiaiuussiunnieluguelaed
Houlumsdndsil Qaumilviaeuvia 280 °C aumIluun 90 °C uagANuAUAA 100 MPa fiegeHansdnaes
maBesaediuosnnlusnsunesiunosdugnuanseglunnil 7 uasfimmnuernniiaeil 0.34 uu.

Ss1dau S/N w83 Average fiber range fA15¥wing 35.03-37.19 Tnefiduadeves S/N 7 35.95

M19199 2 N1FBONLUUNITNARBINILTININTUALHAYDY Average fiber range

PEUNNIVADULUAIVDA QIR ANURUdawaain  Average fiber
un wanamn (°C) Wil (°C) (Mpa) range (%) N
1 260 (1) 70 (1) 90 (1) 58.73 35.38
2 260 (1) 80 (2) 100 (2) 71.56 37.10
3 260 (1) 90 (3) 110 (3) 59.13 35.44
4 270(2) 70 (1) 100 (2) 70.21 36.93
5 270 (2) 80 (2) 110 (3) 68.98 36.77
6 270(2) 90 (3) 90 (1) 56.40 35.03
7 280 (3) 70 (1) 110 (3) 66.30 36.43
8 280 (3) 80 (2) 90 (1) 62.70 35.95
9 280 (3) 90 (3) 100 (2) 72.34 37.19

Average 3595
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a

M15199 3 N1FPONLUUNITNARBIMILTTNINTULALHARIUTLVDIF

PUNLIADUNAIVBY QIR ANGUdaNaNaRn  AANduYed

un waamn (°C) WHTALN (°C) (Mpa) (L*) N
1 260 (1) 70 (1) 90 (1) 26.31 -28.40
2 260 (1) 80 (2) 100 (2) 25.42 -28.10
3 260 (1) 90 (3) 110 (3) 25.31 -28.06
4 270(2) 70 (1) 100 (2) 24.83 -27.89
5 270 (2) 80 (2) 110 (3) 25.12 -28.00
6 270 (2) 90 (3) 90 (1) 23.77 -27.52
7 280 (3) 70 (1) 110 (3) 27.46 -28.77
8 280 (3) 80 (2) 90 (1) 26.38 -28.42
9 280 (3) 90 (3) 100 (2) 24.14 -27.65

Average  -28.09

a

2. HANISNARDINAIANUTUVBIFUURITUIIUIINISNING

v

HANSNARRTIAAIAUTNYRENTUIUTLAINN INAaedn TngldeulunsmaaesrieTBnnd

gnuantaglunisned 3 navesinAinuduvesdninanlasuainnismeaei 6 lnellAAiuduresdn

)

27.52 Fapitosnimuneiialanuduuinndt (Smaller-is-better) lnaldsuainoulunis@nfall gamgd

Y

MARULMATY 270 °C gaungiualfind 90 °C uazAuRUan 90 MPa 8n31d3U S/N UYBIAIANULTLYDIENIAY

S84 -27.52 B9 -28.77 Taediaedsuad S/N 9 25.42 31nHaN15NAasInIun1s199 2 duiiotnanlaun

'
a A o [

MNNTIATIEANANNNIDVBIINT L I nUAR1SEAUU T8 TILUNNLENE 1S UAT Average fiber range A1y

Y

v aa LW

A51991 4 T %Lﬁulé"j'ﬁ]wammammmﬂ@mmﬂﬁ'qmﬁﬁa ANuAudn gaumgiuifiuiuazaami
vasuwaInua iy Jeteuluiffigaie gamgivasumaivomaiainiiszdiu 3 gumglusifinsifisedu 2
wazAIFUdnfiszdy 2 dmdunsuanssaneuaueIINNalAT T iR Tilefmun s AUYesta e
dawaﬁiaﬂ'm?{smmamsuaaLé’uisLa%mt,wfuaﬂLLamaaﬂumWﬁ 6 (N) ENSUNANDUAUBIRDAIAINTUYDIE
‘Uum?jumuuummLLamaaﬂumin 5 Tnedadeiifinase 'wé’aﬂzﬂ'nmﬂﬁamﬁuﬁa gauniluaiiun gaumai
NADULNAILATANUAUNTUEIAY mmauimﬁ“ﬁq@da mmwaammawaqwmamﬂmumu 2 ANNAURA

wanamnfiszdu 3 uazgamnfiuifanifsedu 2 dmiunsrluanianeuausinaaiiasgivesmydiile

ﬁmumsﬁumaaﬂa%’aﬁﬁawaﬁiaﬂ"]m’mLﬁﬁmmﬁﬁ’u%mLLamasﬂumww 6 ()
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Main Effects Plot for Means

Main Effects Plot for Means
Data Means

Data Means
Mold temp Pressure

Melt temp Mold temp Pressure Melt temp

68 26.25

o7 26.00

66

25.75
65
25.50
64

25.25

Mean of Means
Mean of Means

63
62 / y / 25.00

61 ,"
- / 2475

6 ¥
2450

AR 6 NMShAnNaRaUaLaIlaTemaARAsANERIlIUeS (M) wWaLAIAMUTLYDIE (V)

v

Tunisimsiziinisiuavesnatafniie i udunan1sNAanIaINIsNINTUUIINNISANUadadely

Y
'

nsdnnananmudeulanlasuanuanisnaaeneuntndiuwanddunisnn 3 wag 4 aeviinisiivue
Reulvfe gaumnlivaeuvaivesnaladin 280 °C gumndlusfins 80 °C uazaududn 110 MPa lagxad

laanmsiesgiaielusunsuasuiiamnesazgniandlunini 8 uazAadeainugivesiviiuesiuien

75.62 % FIANIINTNARDINDUNLINT

= ! § ' o A o
A13799 4 NANPUAUBIUBIAT Average fiber range slatladeNseaumnge

seaulady grunniiviaenman (°C) QaUNIUITRNA (°C) AUAUAR (Mpa)
1 63.14 65.08 59.28
2 65.20 67.75 71.37
3 67.11 62.62 64.8
HARS 3.97 5.12 12.09
Ay 3 2 1

A15197 5 HANDUAUBITRIARAIAINTNTREUURN T LR TN AU

seaulady grunniiviaeman (°C) QNI (°C) AUAUAR (Mpa)
1 25.68 26.2 25.49
2 24.57 25.64 24.8
3 25.99 24.41 25.96
HARS 1.42 1.79 1.17
a9y 2 1 3

Turazin15Aa992nT LU S UTUNANITNABBIINNANS NN 4 HU AEYINNT1TAeAIauluAe

QUUNNVADUYAIVBINATAFRN 270 °C AAUNNAUIANN 90 °C uarAMUAUAA 100 MPa I Tuaunlaain

9 Y

nsnAaeItugnLanseglunIni 7 uazA1Auduves

ado

dnn
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ymInnaeunLgNFesiaEdB Analysis of variance (ANOVA) lunisvasesiiinuaseduadeiusesay
95 (& = 0.05) Hau83 ANOVA d§UAN Average fiber range wazA1Amtuvesdgnuanseglunised 6
way 7 audidu Tnerainudesiu (R wes Average fiber range agjﬁ 96.13 % Tusauzdisauidosiuves
mmﬁ’fuﬁagjﬁ 97.83 % dwsudadeiidiasionn Average fiber range agnsiiaddey (P-value < 0.05) Ao

N o [

Aanusudn luvasioauvgluifuiiduladefidmasennuduvesduuiniuanueddfidudfy

<

AN 7 Fununarainannaassdanuteuluvemnind

A15797 6 ANOVA 20961 Average fiber range

Source DF Adj SS Adj MS F-Value P-Value
PrUNNIVABIYAY 2 23.69 11.845 2.08 0.325
QoI TN 2 39.39 19.697 3.46 0.224
ANUAUAA 2 219.91 109.957 19.29 0.049
Error 2 11.40 5.701
Total 8 294.40
$=0.3404 R-sq=96.13 % R-sq(adj) = 84.51 %

A15199 7 ANOVA 989A1ANULUUUDIEUURITUIY

Source DF Adj SS Adj MS F-Value P-Value
PN NADLIARY 2 3.3393 1.6696 14.41 0.065
gaun i 2 5.0508 2.5254 21.79 0.044
AUAUAR 2 2.0644 1.0322 8.91 0.101
Error 2 0.2318 0.1159
Total 8 10.6862
$=0.3404 R-sq = 97.83% R-sq(ad)) = 91.33%
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3. HAN1INTVHRUANBALN1TTERIvRIlNLUBSAENADIganTIAll

Tunisnsivaeulassasrevaaduleasuwssnieluduauiy n1sseeivanduloasuwssann

v

n1naaesdanigleulunangaainnigitugnuanseyluninig 8 (N) wazn1smaasdaandeulud 9

0
U
AUANTI9 2 TugnuanseglunIni 8 (v)

(n)

i a U i a a =
AN 8 ﬂ'ﬁLi?NWJ“UENLﬁ‘Lﬁ,EJLﬁﬁllLL?\??]']ﬂNa“UE]\WnQ“U (n) kazN15NAaBIn 9 (V)

a

Funuilannioulafiniignanisngduansliniudsuiuunisseafveadulefivuiudund

Y

o
g 1

MIvAaesi 9 Frruruuiureaduleaduusaivardmanonuudusuazann i ilive sy

A3UNan15IY

NnwansAnwdvnavestiadelumsdndeldun gumgiivaouivan gumpiusifaniuazausiude
fdmanonisBesveduloasuusaiy ilamsulen (1) anududavesnanaindiwasionn Average
fiber range ﬁLﬁmﬁuﬂwaslu%umumﬂﬁqm Lﬂaamﬂﬁhmmﬁuamﬁqa%ﬁﬂﬁmmmaLa?imaal,ﬁu‘l,amaslu
Furdialndifssiuinnnit (2) sumgfiusifissidsnasemnududinniign fergaugliudfisnifigedu
srdmalinslvavemanainuariiviafafuiauwiiud (Mold surface) Suanusalvadaldnzuuaziian
AMUAEDU (Shear stress) Tianasanradiinszidelusunsuneufinged (3) msseideulanisdnd
WwnzaNdniuen Average fiber range wagAnANuITLETY msRssAfuEnuar guMnTusRulTiAY
qaﬂdmﬂalﬁaLﬁué’mwmﬂwaﬁwaﬂwmaﬁﬂ waz (4) maseanideulvlunmsasmanainiiunnsnetuazadma

AoANMILLLLaraNYENsSBIivendulgaiulitannnanIsnTIRae Ufendegan Al

LONENS919D4

Antoine, D., Jean-Jacques, P., Paulo, F. and Gilles, R. (2020). Fiber Orientation and Concentration in
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Abstract

Quantity take-off is a critical step in determining construction costs, which is an important
task in civil engineering. Although the quantity take-off is a repetitive procedure and each iteration
has a simple task, quantity take- off is a time- consuming process. The application of artificial
intelligence technology will help develop more efficient work systems. The objective of this research
is to develop a voice assistant for construction quantity take-off with Python. The three main libraries
were used: (1) Speech Recognition 3.8.1, (2) ¢TTS 2.2.2, and (3) playsound. 1.2.2. The voice input
was developed in two types: (1) Information of the building member input one-by-one (2) Data
entry by giving all information of the building member one time. The results showed that the
program was able to receive the building member information from the sound of speech.
Information of the building member input one- by-one gives higher accuracy but takes longer time.
The input one-by-one method provides word error rate between 12.36 and 22.45, while all
information of the building member one time method provides word error rate between 20.54 and

28.76. The developed program will make the work more comfortable and efficient.

Keywords: Construction Estimation, Construction, Artificial Intelligent

" Corresponding Author; E-mail: titaporn.pob@ku.th

ernﬁ /38367[]4 1unuU FIUSSSIU
Intellectual, Professional, Cheerfulness, Morality
126



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - SudAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

< o o
Analunuazaud Ay va sl
nsneadnaununeaialutunsundAglunismiunununeasns Fadunuiiferdfeily
N13A1IUNITAINUATIAINANUADATIIVBIFIN1I LA NITAIMUATIANNBBUUTE YA UNBAT19YBY

HSUMLT TENN900AUSUINIIUNBAS1991ASALTUN15A28TT N1 2 35 Town (1) n1saenUSuiaau

Y

1% A

efledasniunislaenisenuuuy 2 iR udrihnsiwalagldiaiednay vioenagldlusunsutely
s ssluuinsdondligunsaifsinwesuienisaunuuuuteasiadiglusunsudeunuy (CAD)
Wetaelun1sMILIABIARIANT kag (2) N1508AUSINAIILANNLUUSIABIETALMADIANS (BIM) Fufy
wuushans 3 §f deissuiisudiman 2 mstananiemsluduneunisnesusinanudeaisznuin
MM309AUINANUAINLULTIaesEsaUImMADIANS (BIM) WuiBnnsfifianvazainsiadiuannda uiwn
fsanduneulaesiuasnui maduduanuuuieads 2 87 nsnenUSinauInRUUSIAesESELMA
91A13 (BIM) ftuneufigeinuazdudouninnit sauisdedldiniosdiefifisnniganiiuasyaainsiia
Uszaunsalannni

oehdlsfionu nisnenUTinanudeiiefeddnarlunisinu Tnsnaildlunisnenuuuastuey
furuauargazidenuete1ns deju dedislinisinuazainauisniniudsldininiivsunsa
AoufimesitaslunisnenUiunauwnunsTdiadesdnarAuan egnelsAnumniiansanagnuin
nslfnulsunaudiiesddunsumstoudeyaneansnvesesornsiensosiismmatdndoyaru
nsAduain lnegnenUiinmunudessunuuLazfesAdteyaiunndsiuiisndniosvatasdormsusdaz
Fulunanfortu Faduduneudfldnugslildunnuagmnin

nMsfaLnszUUtsdsmusngides (Voice Assistant) Jadumalulad ity Uszivg (Artificial
Intellisence) dmsunanUiinanuneaiamsdudommiddunsiauiisniseeauSinanudeads
suile Taemsliuselorinntyywsziviiilireufiumesanunsasuihdeyaanidosvesyed dmsu
Fregeiiiuldtnauinuasmnauigvesnsdsnuiedesionsiniausedosihulsunsy Google
Docs dwilsimsfaniienansilsieniudumn flinuannsoussmanuldluynesounlaglisndusdos

Taniufduasanvtassneuiunesineguuldzmileudulusin

Yya o

dufunisiaunszuudtisdanuieidesdmiunuideiasiligihnsneauiniauause
srunvunazdeudeyasdeimsimeidsununsieudeyasiunsdduein Mlimsihaududidudesan
foauuunoais semenfinmeiuazAdueiananaiiunmsiaudldidesdsnmadundn lnedsnsinundodives
BasinuoeaUianuneaifedefamsasudunsldieuazannsaliyaainsiivszaunisallsi
11N 'sam?'ly’mauﬁama%ém%&ﬁaﬁumiﬁwmuﬁuaﬂﬂmﬂml:fJuLﬂENﬂauﬁaLm@%juﬂﬂﬁﬁiﬁi’fﬂmmméﬂﬁﬂmu
ialy Ky MsWANIE VUG Isdsnumneidsadimiuaenuiinunuieaiisetasazdunisuiuuge

AM59UNISaeAUSUIMIUNBES19RANSeLB T UTEANS AnaInSaTu

ernﬁ /38367[]4 1unuU FIUSSSIU
Intellectual, Professional, Cheerfulness, Morality
127



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - SudAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

24

AQUsTAIAYRINITIRY

¥
av dao

NUITe T IngUsEasRRauTEUUedaumedssd miuaendiuinuneaiaeansme

9

(%

nMwlnneu IneflvauiunniIneausuIneuYeIeIre1AIIIuIL 7 Ysean Laud (1) grusindwieudnsa

[

(2) grusIndamAgUNuEn (3) wmtdedmdeudnsa (@) lemidadwmasuRu (5) AU (6) NuNIwRe?

9

waz (7) NI waEIAARNIENITUNIIT0NABIADIATTLALNNTATLIMUSLNIMUADUNTA LHWU LAY

Y

R lGRE

nauiuazuIdeiieatas
NuATgluefnnUINNITaeAUTUIAUMIENTIFNULUUTIa0Id1TEUMNABIATS (BIM) THkaUDs
USnanulumnenulasiadensunsaesmaniagninnnuantdnenssudianuuanataiuladinusesay 3
(Sukhamwang et al,, 2019) waziileSouiiisuseninamsld Microsoft Excel lumsAanenyinasian
wuuialy wasldlusunsy Autodesk Revit (Free Software for Students & Educators Revit Autodesk)
¥MISUHUNSFRTUIATAR (Bar-Cut List) WUNSzuUasaumaAreto1asaninsavinldindnssuuiind
annsnanUsinamanasuligeaniosay 17 (Tibodee et al,, 2021) agnslsinu nsldszuu BIM Ssdosld
n$nennslunisiiunisAeudiannisendursiiisaiune sauea1nn1s398ves Chunhamaneewat
and Tuntisewee (2020) Lalsanuiiuinludszmalnefidnowasnirsaufiainisald BiM liegady
Usgansnmlstiessuiinaunainaumiouvesudtviuynainsiazanmsaldnuuiiassasaumeld
91N91UFBVOY Suriyamongkol and Tuntisewee (2020) WU mwmmauq‘dﬂiaﬁ software hardware

a s & A I ° Y v Y a i 1%
warszuvBumesilavangauduguassalunisiisyuy BIM 1ld Asdu n1saead3unnauneaiiean

'
aada o a

wuu 2 fffddunmsimeaudinaduisniimsldnuegiwnsvangludagiuuarlusuandnszesnils
nsmuINTaenUsinanumeiielagnsiauin s teyasuuneaiadidgrauiianesaie
Wearzhiglvinshaulianuazainauisuiniu Neilszuudanumedesdnsimunduniangseuulag

Y = v

Aimwvangguaziinisiiluussendldluausinge srumsiiaddenrinsussiiudssansameesseuy

e

819 (1) Julius Lﬁuizuuﬁﬁﬁum%ﬂuﬂizmﬁzﬁjﬁu (Lee and Kawahara, 2009) (2) Microsoft Speech AP
(SAPI) TiaunTulneusenlalassens (Sharma, 2013) (3) CMU Sphinx iuszuudinmunlaeuminede

ASiuiaaau (Plonkowski and Urbanovich, 2014) (4) Kaldi iumensuislamugasadsuiusisniw

a

C++ (Al et. al, 2014) (5) Google Cloud Speech APl @sitmuntulagnifia (Anggraini, 2018) (6) IBM®

v v
]

(Speech to Text) Felsiusnisuusyuumannveslolidy wag (7) WIT feimunlae Facebook visilufay
SYUVHUTZANENINNTYINUNLANANAULAZTOITUN I AILANAISAU
Uszdndnmuesszuudnumeidesgninluguvesnnugndesenisulateaudesdudony

FalEmyinlevanedT Xu et al. (2021) dauaismsinanugndesasssuulsenaumie (1) snsaARanain

2841 (Word error rate, WER) (2) 8a318A1HANAIAY8IN153UA (Match error rate, MER) (3) n13gayide

Y

[

TayaveA1 (Word information lost, WIL) wag (4) n153n¥1vayaveddn (Word information preserve,

erry7 /5’836’7[]4 1unuU FIUSSSIU
Intellectual, Professional, Cheerfulness, Morality
128



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - SudAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

[ '
= 1

WIP) 19l Lancu (2019) na1131 35n15niinnstdagnawnsviane lawn 358n51A1Rana1aua9An (word error

=<

rate) FudumaUisuifisusuaudiinfuswauditome
dmvaidedunsdsegndliszuudanuieidssdudsemalnedlianniin Muangpool et al
(2015) I1p3esilonAatefiloimuineundinduiiouandssdyaeanuniudeniuiidnusiiunis
Insdwivdeuiiuidauuszuujoinsuounsess Tusuuuuresnsutasienuiiduniseuunaniy uas
nsudasunaununludinusedndu Namahoot (2014) Wau1szuvatsaumad niun1sauAudaya
nsvieafidludminfivalanlngliidosdunisiumdeya drusnuidedifetesiunisaenyimasny
feass lauA Olanrewaju et al. (2020) Wainszuudusedosdnsunendsuanuneadislagldnim
Senarudnlunisiaun sgaslsinig uisedinanidiauiangnisduisdssiedenldmdsingg

o

wu nslansesdniay nsadiuled SilifidwifedesiunisnsendeyaseaiBonvesedenns

25AUUUNTSIY

FuRBUNTITE

nssdunisiteudsuneumsindunueandy 4 Juney TELA (1) MsNUMILLLIMI SRR
SEUU (2) NMsepnluukariaunlusunsy (3) nsnageulseansaineeslusunsy wag (4) N5IASIZRNE

AINAABU AILEAIIUAINT 1

ASNUNIULLININTITWRAIUITSUY

NMsPNLUULATNAILIIUSUATY

nsnadaudszansn nvasluswnsy

NMSIATIZRRANTNAdRUTUSINTY

ANT 1 JUABUNTALTUNNTIVY

AISNUNIULUINIS USRI

weluladnsdanusodesimihiduiidendszauseninsgunsaifugldau (User Interface)
Fudunssrneanuazmnlunisiatessnitayvdivgunsalluvus ifeviearniliing viedesnns
auadossilunsifenssudu sumalddesnsldfdueinlunisindefuneufinnes (Department of
Special Investigation, 2021) NMsWaLsyULdsuiedssaunsasniunisineldnrelunisiaunle

“aINYaNY WU N1ET NIYNUAN SauTanwlnneu agrelsAnny wesannniwlnneudusendiisias

erry7 /5’836’7[]4 1unuU FIUSSSIU
Intellectual, Professional, Cheerfulness, Morality
129



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - SudAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

(Open source software) sty 3eldsuaudionluiligiuuasiinisiauianuainsniuegisdaiios
saaitlauinsgiudiwauann vhlvanansaldlusunsulnmoudmuiaumisenduasivanvais
Taiangnisimuilusunsunismuammiduiamnssusmimisdiunisisuivesaias (machine
learning)

sz UUddnuiedsshonuilmewdunianonldnu APl sl giaiefile (Google
AP Hu APl nilefildsuanuden TaegiiatedileiAsadesiunisdanusioidss Ussnauie Google
Speech To Text API L8u APl fitidssmaiildanmstuiiniiululasinuvietemisdug wasduteanu
Tnegnitanntulu U a.a 2008 islinumsdumeodesdmivleuuasinuiugssuunandlu O ae.
2017 Tagmurangiudoyasualnguarléisnisnisieuivonnies seadunainvanenimisiuig
awlne lnedeiUIoufieuuszanninsening (1) Google Cloud Speech API (2) IBM® (Speech to
Text) wag (3) WIT wu11 Google Cloud Speech AP Iﬁﬁ’lm’mgﬂﬁmqﬁqm (Filippidou and Moussiades,
2020) uanNTEE Google Text To Speech APl 1u API lddwiudnameidssnandomiudiiiun
1 dadldmiuanwilumeu AP Alddmiudnasziidoaa 1dun ¢TTs dudulugadidon Google TTS
(Text-to-Speech) API i1unldanu Tngazadrslndidsadansgitunluguuuulid mp3 laidriaanuen
50IFUNYINE smanulne

n1seanLUULasAlUTUNTY

¥

1. N193ATILRTLUVIU Use case diagram Lag Actor Laun L% wag use case Usenauniy
(1) msddeya laun Teyaineliuesmenns (2) msUszanara uag (3) Nsmenuransinegu lneyld
WddeyasiAe1msluszuu 1ntussuuasyiinisUszananatoyaideawazyinnisiuinusunaey taun

Usunaumeunsn widniasu uazlduuu 9nntuszuvasianananIsuszananaliglingu dwanslunind 2

Voice Construction Material Take off

Input Data
\\"“‘-’.
%,

A7 2 Use case diagram veslUsunsy
2. Activity Diagram uan9318azldeaisndu n19v1191uve9lUsunsy dsuansluning 3 lagiile
Aldsudenldlusunsy gldvinnisteudeyassdainis ssuvasinisulandesyaduiidnes aantdwh
matszaanadeniny uwazduhmsauinuinnanureunin Wkuy uasmdnady dmsudeyassdenans

LAZLAAINANTITANUIUUTUN Y

ernﬁ /38367[]4 1unuU FIUSSSIU
Intellectual, Professional, Cheerfulness, Morality
130



onsansASUNUUSAAU auudnenAansia:inalulad UR 14 unsiAU - Sud1AW 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

user system

[ Speech Recognition

I

hd ™
[ Data Processing

I

Concrete Quantity

Member information J >

-

Calculation

1

Formwork Cuantity

Calculation

1

Reinforcement Bar

Cruantity Calculation

[ Caiculation Report L

A 3 Activity diagram 283lusunsy

3. msaurszuudsumedeslagldlaviivan 3 laund e (1) Speech Recognition 3.8.1

drnsunlandeayaduiisnes (2) ¢TTS 2.2.2 dmsuudasdennudulvdides uag (3) playsound 1.2.2

Ausuiaulndideandunsieidu Ineddunaundnlunisvinaussandluning 4 Inen15vinaueeeluswnsy

'
a o

Sunnduadadliisuyiaulaggldndnndudsnu Wsunsuassuduiindss lneasailvveaduiinield

deaduian 2 3w antulusunsuaswlasdsadudaninuiulilusiuls TusouseuiAani1snsiaaou

Toya Melllusunsulagneeanuuulimindeyalu 2 dnwuede (1) n1steuteyadnuuzauteyaiiazde

U

v o
U ¥ v

(2) MmstoudeyalasnislvideyanivunveteirenmInsaufel fauy TureunmInsivaeudeyavems 2 JULuy
Faflanuunnaneiu #aa1nNAsRTIREeUMINNUINYeyaliauysalssuuIzLanwmaistayaiviani ey
drunsdinveyaauysallusunsuasyinnisauinuiunaau loun YSunueeunin Usunadduuy wasdsunu

WANLESY

erry7 /5’836’7[]4 1unuU FIUSSSIU
Intellectual, Professional, Cheerfulness, Morality
131



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - SudAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

wandsafudaniy

L AsRasuleuainly
femysnl ) u

aaaauloya

auysal

vl

A J

AuaUIIMY

bbETAI M <

~/

Y

(- aumaham )

A9 4 JULUUMTTINUYBITEUUAINUMBLEES

n1snsvaeudoyatoninudss wuseanilu 2 sUuuy mudnvazvesnsinddeyadmsunsdl

Uoudeyadnwuzaudoyaiiazde sruvagiinisnsiaaeudennudssiteyangldindriiauasuiiu

wazflanugnsieawsely wu deyavuisvetesrernsienduteyadia viawdneasuludennudssan

Y Y

wianiesu WWudu dunsdinsteudeyalaenslideyavimunveesiermsesafes ssuvaginsuszaiana

v

gadoyailannnisulasdeyaidosdudeniu Mniuivinsussaanadeyadeninuiienmddyi

<

WARISIHALLIUATDIDIADIATT LU AU NI 817 AN IMANUY WANANe WUAY 31nTUIiNnIsdndaya

Y

Tonuaina il iluduusntuiingeazidenuededdonns wdiduinisnsiaaeunugndesvedoya

Y

wudeaiunsdleudeyadnvasandeyafiarde Wensivdeudeyaudnads mnlunudeRanainszuus
n1sUszRanadely @mun1sn3euFULUUNITAUNLITNTANINENYAENTYINNUTDINITNBALUY

ARA319v0989ARIANSHEIATUSELAY 9198 Namahoot (2014) wuintuaniizwinasuuulididsssuniuaas

o
=

auiianugnieunnnimdeien duluaniizwindeuwuuilidesuniu mdmiduazinnugnietes
NIANEINENY AT NSHFENTULUUYBIUNAUNUNR AT lANUN e U waslnsidnaunivangay

swsiilsfeszeznamldlunisnsendeyausazUssiny

ny[y’] /Z?U()b”)[y 1unuU FIUSSSIU
Intellectual, Professional, Cheerfulness, Morality
132



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - SudAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

a. maviaunlusunsududesofuglildnsdumesimawvunsiinlagld Tkinter Safulugadils
sausailesusneg Wihanldasenenlmuudldogiamainuans (Thearmontree, 2020) Tnefmunliiig
gy (Menu) uazdmduna (Button) waglvilananan1uUseLnvedesfannns

n1mageuUszansnmeaslusunsy Ingldinaaeudiuiy 10 au laun 918 5 AU uasnge 5 A
Tneliivanosdsrilusunsuduiuusiazesdussnouresasdenmsnuay 3 ada 1 2 ULUU Feagvilildua
nsnageudmiussrasusarUssLnnuar sUkuUNIUouteyadnuiu 30 Meg1e laggvinsmaaauus
avauagldnnaedilusunsunevluuiaresdormaduduunuay 3 ads

n153Asznan1magaulusunsy vinsiesegilagldadnsiaiinnainvesa (word error

rate) YIA1UIOM bHANAUNITN (1)

WER=(0+D+S)/N (1)

o A

1agf | BUNgDe ANNONWNINTUNIINTYEAIULAY (Inserted words), D uede A1auigluain

Y

T9AULAL (Deleted words), S nunefia Arignunuiluaind@x (Substituted words) waz N vanedis

FuuAmLe Neildnnianainvesiianduniiefesas lnga1dnsARANAInVBIAINA1E99E

LEAIINTEUUTUSEANT A NN

NaN15338

1. nMswanduRnfeugly

nsWaulusunsuludiuinsefugld (user interface) #¥nguszasdiitelildauldineg Fale
oonuuulildnuannsndenldnuldiidusuuuuiuyuasdonldldnnung Ineludeniuyuanainas

JunsBenldnuiiensendeyaud dilldnmesneazidunisnsleudeyaveudazesdoimslilivsiu

faeazidunvesdeya Awandlunini 5
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Depth cm. Special Bar Talk with me
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Concrete Cu.m. Command me
Formwork Sq.m.
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Save Close
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5) Au U03AAUMEAY , L, . .
UU <k 2 DB 16> Llianan <iwu 2 DB 16> Uaan <itu 1 RB 6>
P . . . WY <1 S1> 1319 <1y 200> 817 <L 400> AU <19 10>
6) WUNIWAE? valoyanumaied | . PR
WMANE17 <L¥U RB 9 @ 20> Lwiandu <i¥u RB 9 @ 20>
P . WY <1 S1> 1379 <1y 200> 817 <K 400> AU <L 10>
7) WUADIN VOVOHANUADIN B . P
WMANE17 <L¥U RB 9 @ 20> Lwiandu <i¥u RB 9 @ 20>

Jryry1 189000y 10NUIU ARUSSSU

Intellectual, Professional, Cheerfulness, Morality

134



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - SudAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

3. wan1snagaulsEansamvaslusunsy
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Impact Matrix Multiplication Applied to Classification (MICMAC) Nan15398 WU Qﬂaiiﬂﬁﬁﬂﬁwﬁqw
vosnalnlunisanfnglulnsiaueenlediasfndamlasoanlediu Ao nsdfunuiigsinumaluladuasy
n1sanduunisanine NO, uae SO, wazn1suIanNAsEninAun1sUdRnungseilouresniady
Tnnsnwiafadannsadulsslesitugusznounmsidudelnsuasdimunulovislunisdanistiym

a1 ndlungia

AEATY: QUATIA WUUTPRUTILATIATINITAAN NMITANNIANYVeIgUaTIA UaiiyneInAlunsia

" JUszauaunean; wa: dettoy999@gmail.com

Jryryn 1899670y 10NUIU ANISSSU
Intellectual, Professional, Cheerfulness, Morality
139



onsansASUNUUSAAU auudnenAansia:inalulad UR 14 unsiAU - SudiAU 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022
Identifying and Ranking the Obstacles of Nitrogen Oxides (NO,)
and Sulphur Oxides (SO,) Emission Reductions from Marine Engines in
Government Agencies’ Perspectives on Thai Maritime Transportation Industry:

Using Interpretive Structural Modeling Approach
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L2The Cluster of Logistics and Rail Engineering,

Faculty of Engineering, Mahidol University
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Abstract

The objective of this research was to identify and rank the barriers of reduction of nitrogen
oxides (NO,) and sulfur oxides (SO,) emissions from marine engines in perspectives of government
agencies which relevant to Thai maritime transportation industry. This study chose semi-structured
interview to confirm the validity and added more related issues from the literature review. Purposive
Sampling was a technique used for selecting samples with the criterions of knowledge, expertise,
and experience in maritime transportation industry, air pollution and marine engineering. The
samplings were experts selected from three government organizations which relevant to Thai
maritime transportation industry to identify obstacles in Thailand's context. There was also used
“Interpretive Structural Modeling: ISM” to understand the relationship between the priorities of
obstacles. The results of the ISM technique were then applied to classify of obstacles by technique
of “Cross-Impact Matrix Multiplication Applied to Classification (MICMAC) ”. The findings indicated
that the most significant obstacles of reducing mechanisms of NO, and SO, were high Technology
capital and operational cost of Nitrogen Oxides and Sulphur Oxides reduction solutions and are not
aware compliance with regulation in Government. This study can be useful for Thai shipowners and

policymakers to manage the problem of maritime air pollution.

Keywords: Obstacle Interpretive structural modeling (ISM) Cross-Impact Matrix Multiplication
Applied to Classification (MICMAC) Maritime air pollution
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B3 | nalnlunisan NO, Wag SO, disunuga Ross and Orestis, (2019)
B4 | euvhmesumeaialunisuudasussuuiemaaie Lindstad and Bo, (2018)

B5 | wayaansiiiaings anudiunglutuneunmsuiinu nsesivdeu Animah et al,, (2018)

wazSuseaselusaansmivautaivnsenalunga

B6 | v1aumudnanswAtynitiomndsiiuanganiuige Chu Van et al,, (2019)

B7 | vnesAnsniuiinveunsiaiuiTouazgraiselenauauattenivug Animah et al,, (2018)

IMO Taganiy

B8 | wamsatiuayudwiuuidnviostulultgunu LNG Animah et al,, (2018)
B9 | IMANUATTUIN Animah et al., (2018)
B10 | uSEmuudazgdalsauideymuaiuviuusieausiiwi Zhu et al, (2017)
Bl | annmsiuileuazutsiiudoyaszninsuidniliieades Lee and Nam, (2017)
B12 | wadnun1mnisliuinisvesgseisenielulseime Lee and Nam, (2017)
oAlun15ITY
HUUBANUNITIVY

[ 1

N135¢YgUasIALaEmMANNANTUSTENI19QUaATIAMYTS ISM Kaufun13InnguvetgUuaTsnniyl

' '
[ A

Mdstundeunazn1siendaeds MICMAC SuNNIsAUmgUasIalynianee HIunITNUNIUITIUNTIY
thadidnnamaaeuaugniedasnsdunvaiulaznsneuuuuasuay ievndoasuguassania
Uumisanalng dadiduuaradilassaidvutudionandiifunmanuduiussewingUassndaeis
ISM gavingInnanankayiiaseigUassaniuisnis MICMAC

UseyNsuazaa9eng

wwmnansAnwndentld msdunwaluuuAslassaine (Semi Structured Interview) wagn13d1379
wuuaBRuAIN NsAREeNnauiiegeldimaiansdufieg19wuULEae (Purposive Sampling) %ql,flumi?jm

lagAndenngquitaganiianug anudrunguariniiineitesiunisquasesdmindounimeialy
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Usewelne Senin @J’L%'ansng (Expert) 11970 3 99ANINIASTLALA NSUAIYN (Marine Department) 97171
3 ¥iu MsvinSeuriadsemelng (Port Authority of Thailand) 3113u 3 vU wagnsuAIUANNETY (Pollution
Control Department) 3143 8 ¥4 HIUNNTTBNATATIRARUAINgNABINElWBIANS
inseaiiefilélun1sise
nssvygUasiauazdndifuanuduiuduesguassa n1sanfing NO, uay SO, aniATosudi3e
dmsugnamnIsunsvudmImsareding THumunsiaesadsdasadanisiiany (ISM) kauiunisdn
NauveIUaTIARILTs MICMAC

JUADUNI5IVY

N

yaueIBANluNTIvY 7 Tuney Ussgndnuiuinieued (Sumrit, 2021) il

e3°

1. N1358YQUaTIA AINNITNUNIUITIUNTTN WU HeUassaidwnadonisaning NO, uag SO,

I1INLATBLUALETE N91909UINTFA 12 518715 MIUA1519N 1 guassamallisunisnsisaeudnaseain

CiTekialal

=>4

2. Avuauagiauanuduiusauuiun fMvusenuduiusauuiunseninegUassa el
Hlrvngyasadeuanuduiug Iaglddin “dmaliin” lunmsivuaanuduiusseninsguassaiiozy
Aegau 0 BL dwalifin B2 muneai1udn “iAin Bl azdnaliia B2”

3. @ samudniug SSIM anuAafiuandidesmaiissylutueud 2) et
M319ANLELTLS SSIM sgvinseuassa (i, )) 34 “i” vinnefs guasselu “uan” wag “j” wunefsguassalu
“nadand” 1ngld @ daydnwal v, A, O wag X lumaiBsuifisumuduiusseninaesguassa Jemnumng
vosdyanual Ao

V unefis guasse i dwaliiinguasse j wiglasse j lddwaliingUasse |
A e auasse | dawaliiinguassa i wiglasse i lidwalminguasse |
X vungia guasia i dwaliiinguasse j wazguassa j dealiinguassa i
0 vt guassaliiinyuidiniudifeleaiy

4. g519m1519audusiug Reachability Matrix @379 Initial Reachability Matrix fwiSudu Taei
Foyaanmseanuduiug ssim Aludadnvalinudasufiay Inodvualidydnualiinnuwaadu
davtu wandlilunsed 2 ainduadne Final Reachability Matrix Sugarie aungnisidsundasos
wAdla ISM Ao &1 “i” danasdie 7 uaz < dwasie “k” avlRAnmuduTuSsSenTusywing “i” uay
“©7 vl “i” danasie “k” lumsauvindazildsuutasay 0 Wulay 1* vinnsmsavaeuanuduiug
n1sdoufiazgguassn nsnmadsuuuvififelfufindesitsainanufnifuresgiBersigy Final

Reachability Matrix Tugavieuanslilunsnai 3
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A1519% 2 M3swlasdyanvaiannaisns SSIM Tidudiay

dryanueal AMNFUNUS | o j (i, j) AMNFUNUS j fo i, i)
V 1 0
A 0 1
X 1 1
(@) 0 0

v ¢

5. 911 Level Partition ¥04gUassa welvinguisseauanuduniusvesudazguassa 3905w

3

NENVeIUATIAIIN M54 Final Reachability Matrix eonlu 2 wn fail
(1) Reachability Set As n1sdanguvesguassaudagiafisiauduiusivguassaduy
Tuuwaueu () enguassaifanuduiusiduas 1 vie 1* Wegndudeatu iuuuilfasuynguasse
(2) Antecedent Set fio n13innguuetgUassaudazfiianuduiusiugUasiadidug
Tuwwads () denguassaiiianuduiudiduey 1 vie 1* Weognguideatu viuvuiliasunnguasse
Nan151 Level Partition vesgUassa uandlilunssi 4
6. @519 ISM Model Tngtirdayaiiléiann1sm Level Partition 1849Uassn u1a¥s ISM Model

Feazuanemuduiusseninglassausazalassanasgninioaduununmiiuansliiued1adaauds

9 Y

o

sgRuAUEAyLaznsWeleaiuegslileddgyvagUasaneauanuddyvesguassaiiinszila

970 Reachability Matrix lnganuduiusseninaguassnazuandlagdydnuaignas fagui 1

A15199 3 Final Reachability Matrix

Final Reachability Matrix

s () W) Driving
Bl | B2 | B3| B4 |B5|B6|B7 | B8 | BY | B10O | BI1 | B12 Power
Bl 1 1* 1 1 1* 1 1* 1 0 1* 1* 1* 11
B2 1 1 1 1 1 1 1 1* 1 1* 1* 1* 12
B3 1 1* 1 1 1* 1* 1 1* 1* 1* 1* 1* 12
B4 0 0 1 1 O | 1] 1*| 0 0 1% 1 1 7
B5 1* 1 1* 1 1 1 1 1* 1* 1* 1* 1 12
B6 1 1 1* 1 1 1 1 1 1* 1 1 1* 12
B7 1 1 1 1 1 1 1 1 1 1 1 1 12
B8 1 1* 1* 1* 1* 1 1* 1 0 1* 1* 0 10
B9 1* 1* 0 1* 1* 1 1* 1* 1 1 1* 1 11
B10 0 0 O | 1] 0| 1*| O 0 0 1 1 0 a4
Bl1 1* 1* 1* 1 1* 1 1* 1* 0 1 1 1* 11
B12 1* 1* 1* 1 1* 1 1* 1* 0 1* 1* 1 11
Dependence
Power 10 | 10 | 10 | 12 | 10 | 12 | 11 | 10 6 12 12 10
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7. M3danuiavyvesguassalagis MICMAC lag MICMAC flanisasnensivldmiunisdavanams
Y9383AUsENBUAI9 sanaudady 2 ¥illa fie Driving Power uaz Dependence Power lngn1st1daya
91NAN519ANENTTUS Reachability Matrix 114 Tagendiazldndennsin Conical Matrix 9gnd1uIaN
n1sTudLavly Reachability Matrix @1 Driving Power vadudazguasinazlaunainuasiuvesiaiavluug

azun7 UazA1 Dependence Power vatuiargUassndzlaunanuasiuvasiavluwdazmoduil dauansld

[

lunn3197 3 9nuuieilsundennsmfiwuaidu 4 Quadrant daguil 2 taedis 4 Quadrant lunsivag

[ ' ¥
¥ £ v A

wanafenguitand19iu 4 ngueieiu qeil (Sandbhor and Botre, 2014) Quadrant 1: nguLinTuLaq

' '
=

(Autonomous) Quadrant 2: Ngu#IAeeN1 (Dependent) Quadrant 3: ﬂa:m%'auim (Linkage) Quadrant

4: ngudasy (Independent)

o
g

INIBANTUNTITENT 7 TURDUANEIAY I8V IUTI TN UsEaeRveInIsidy n1sseyguassnuay

[ [

naneuANdIRylun1saning NO, lag SO, NNLATBIYUALSE

o

NAN1538Y

v
Ya v v

AIdeAiunsITen 7 duneuiiszyliluitaniiuniside lonanisidedall

1. Msszyguassaidiasianisaniing NO, lay SO, IMNLATAIUUMLTD HAIINNITABULUUABUATY

INFLFLITIYNUIN 67% VDIADURUUADUAIUTUAIBIINITVIALATIAT 1IN U AT N Ud NS a9y

Y

Feoundanaunu 1ianguauisauauuaiivnisenialunsiaiinseuaqu aauiimediumaialy
nsUsuAsusruudemdade mnesdnsiifufiaveunsinudouargradeiitensuauasdoriivua IMO
amsaduayudmivuiviesiululsauniu LNG UismuudaazgreFouityuafivuuusisausiinh
PpnnuiilewarutsiiufeyaseviteuidniiAstoaiuguasse venaniiifiesUszana 21% vesnou
wvuaeunlaidiudaedt maviauumensuidgidomadimnzantuge nmeaunsentnuey

nmsvndnenmnisliuinisvesgreseneslulssmadugUassa dneusuudeuniuvisnun dauiiuies

fudn nalnlunisan NO, wae SO, HFumuas n1svIaYAaINITNiiAILS AUty luduneunsuiRau
MsnsvEeULaSUseaselusainsmuANuaiivisemelunzia Juguassaiiddsy

2. LU0 UTelATIa519n15AAM (Interpretive Structural Modelling: ISM) #aa1nn151235 ISM

s 1

Aasgideyalasuandidetvay vinimsuanuduiusseninguassa wuwuanutunal

a

Level | Ysznaudigguassa anuvimigatumatialunisusuilasussuuidondse (B4)

1 a v

PILUINIINITEAT YT oInasiIzauiulse (B6) Uiunaudiwazgnaisauntgymuaiviuusisay

Y

v

#1991 (B10) Waanusiuilanaziusiudayaseninsuseniingides (B11)

1% '
A =

Level Il Usznausieguassa navalassadsiiugiuiisndudundanudemamauny (81)
PangrinenuaEaiivnsenalungiaiinsounqu (B2) maynansiidiaud armdwiglutuseu
nsUfoRNY MInTaasunazuseaseluiiesnisauauuaiivnisoinidlunzia (85) vinosAnsd
SURnveum A Fouazgiaiieriienauausstaimun IMO (B7) viamsatiuayudmiuuTsniesivlu

l9gun1u LNG (B8)
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Level Il Usgnaudiwalasse wiadnenimnisliuinisvesgsieise (812) Wualassafidmaliiin
guassaluseau Il uaziinanguassaindednastguassa
Level IV Usgnaumeguassa mMsuiaauaseviln (B9) dwalagaseliinnisviafneninnis

o
[ 4

iusn1svesgeelse (B12) uardwmaniwenliinguassantainguassalulassasisafuduiuuy

Level V Usznausaeguassa nalnlunisan NO, uaz SO, fisunugs (83) uguassaasgnves

lassasianutu danudfgannign

A15197 4 ua@nINan131 Level Partition SUENQ‘U?{'E'EQ

gudssa Reachability Set Antecedent Set Intersection Level
B3,84,86, B1,82,83,B4,85,86, B3,84,8B6,
> B7,810,811,812 B7,88,89,810,811,B12 B7,810,811,812
B1,82,83,B4,85,B6, B1,82,B3,B4,B5,B6, B1,82,B3,B4,B5,B6,
. B7,88,89,810,811,812 B7,88,89,810,811,B12 B7,88,89,810,811,B12
B1,B2,B3,B4,B5,B6,
B10 B4,86,810,811 B4,B6,810,B11
B7,88,89,810,811,B12
B1,82,83,B4,85,B6, B1,82,B3,B4,B5,B6, B1,82,B3,B4,B5,B6,
- B7,88,810,811,B12 B7,88,89,810,811,B12 B7,88,810,811,B12
B1,B2,B3,B5,
B1 B1,82,83,85,87,88,B12 B1,82,83,85,87,B8,812 |
B7,88,89,812
B1,B2,B3,B5, B1,B2,B3,B5, B1,B2,B3,B5,
- B7,88,89,812 B7,88,89,812 B7,88,89,812 :
B1,82,83,B5, B1,82,83,B5, B1,82,83,B5,
» B7,B8,89,812 B7,88,89,B12 B7,88,89,B12 :
B1,82,83,B5, B1,82,83,B5, B1,82,83,B5,
o B7,B8,89,812 B7,88,89,B12 B7,88,89,B12 :
B1,82,83,B5,
B8 B1,82,B3,B5,87,88 B1,B2,B3,85,87,88 I
B7,88,89,B12
B12 B3,812 B3,89,812 B3,812 i
B9 B9 B3,B9 B9 \Y
B3 B3 B3 B3 %

3. Msdanuavlagldis MICMAC Kaa1NN53ATLIANYANMAITULATOLAENTRINIVBIUsRY

auassn 91nn59 Conical Matrix (U 2) wuingUassauwuseanidu 3 ngu laun

1. naufesfiani (Dependent) guassafieglunduilie n1snusemvuduazgnaisountam

AN YLUUAIIAUAIYIN
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2. nquifeules (Linkage) léun nsvalassadrsiugruiisnfudrundsnudomameuny
msvInngunemuessaivnsemAlunziaiiaseungu nalnlumsan NO, waz SO, fifumugs mmwinme
Frumadalunisuiudsuszuuiemande mayaainsidannud anudiunglufuneunisufoamu
n1snsRdeukazuseneludesnismuauuaiivnisomelungia vauuaamsuAtynidomasd
wnzaufuide MnesdnsfisuiaveumsiamuGeuasgroiseriionsuausstorivun IMO vIansatiuayy
dmduuivnsiesiululiguniu LNG vinanuswileuazuvsiudoyasznirsuisniieidosuazuin
Angnnnishiuinisuasgalse

3. ngudase (Independent) 1ugdassafififidsduindouninuaziinisianios laun

ANSVINAIIUATEIRUN

anUseNa

P

HANTIATIZN ISM A1u3UN 1 wuladeinduguassade nalnlunisanfing NO, uae SO, Hunuas

9

' '
1 a o

(B3) agfinuasanvassyiulaniadaddudu (sedu V) iWuglassafiddgyanduduusnaiuandienisea

v
'
=

ANUATEYIIN (S2AU Muaznsuedngnmnisliuinisvesgease (seau ll) msneanudguassamanil

\Wuauguassafididyiian nalnlunisaafine NO,uaz SO, fifunugauaznisunmuasEHin HARWEE
Ie¥unsaduayulag (Animah et al, 2018) Faszyinnalalunisanfing NO, uag SO, fFunugauaznsma
anunszuiin \Wuilaymuazguassaiddylumsannisudesiing NO, uay SO, 9niedessusifeiiiniuly
UsgimmanssasgnunuazUseimaasisasguaiesy guasasuduiiany msviadnaammsliuinsves

groi3e nadnsillasunmsatuayulag (Lee and Nam., 2017) vinis@inwinsdndsdudmnedeidufinsiv

'
a ¥

dawindeuludssinanvialdluyutesesgiose nan1sAnwinuIMvndneninnsliuinisvesgeeise
fellymitddymidunndelunsinddudmadeiidulinstuaunndeslulsemmnivald
KaMTIaT e MICMAC wandlugud 2 wuin msvalessareiiuguiisidudumdnuidomas
nAwNL (B1) 11angvansaluausafivnisenalunziafinsauagqu (82) nalnlunisan NO,uaz SO,
fuyugs (83) eruimmeduwefalumsusuildsussuudomaaie (B9) Mayaansiidanuianudiuy

Tuduneumsuuinu nsnsiaaeuiariuseieluzemnisnivay
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B4. B6. B11. B10.
AU PIALUINIIANTS YINAIINTINID USENVUE
sumedialy Aty wazUslu wazgrase
Level | v A P2 o . y -
nsUsuiasu LYDLNEAD VOYATENIN undaymuadiv
SEUULYBLNAY WHNZANNULS D USENN LUUANAY
159 W8IV RN
B5.
B1. B8. BY. B2. ,
. ANAUARINTN
Al YIANTS YINDIANT VIANYNUEY L
Y . de AT AUTIUTEY
JGERGEEN aduayu Niuiaveu AIUAY -
¥4 . o v A - Tudumou
WU Rl ATAAULTD LAY
. N > ao —> NI g —> AsUHURU
Level I SnTusu |« YN «—t uavgsiosaiie € oAl e d
o v 2 . . ASRTIVFBULLAY
NHU Pioanulule AOUAUDY NzLah .
¥ v . Susesseluisas
LROLNGY unu Yanuua IMO ATOUAQM
AIAIUANLANY
NOLNU LNG :
P9DINA UL
Level I B12.vmdAngnmmsiiusnisvesgnese
BO.
Level IV .
YINATIUATERUN
A
B3. nalnlunisan NO,
Level V

way SO, Hfunuge

Liquefied Natural Gas: LNG

International Maritime Organization: IMO

AT 1 LuuTaeadalasainansinuvedguassn n1saning NO,, SO, 3NLATEIEUALTE
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Quadrant 4 (Independent) Quadrant 3 (Linkage)
12 B2,B3,B5 B7 B6
11 B9 B1,B12 B11
10 B8
9
8
o 7 Bd
o 5
3
3 | 4 B10
3
2
1
Quadrant 1 (Autonomous) Quadrant 2 (Dependent)
1 2 3 a4 5 6 7 8 9 10 11 12
Dependence Power

m‘w17‘1| 2 n57 Conical Matrix

Nafiun1soINIAlungia (B5) vianuinenskndamidoimdsiiiuingauiuiis (B6) 11neAnInsuRateu

nsiawSelazgdelsalienauausidefimun IMO (B7) manisaduayudmiuusvnviesdululdguniu

LNG (88) inmnusuileuazuistiudoyasninsuddniiisades (B11) madnenmnsliuinnsvesgsio
30 (812) aglungudeulen (Linkage) mslinnuddglunsmingUassamaniseaiuszsingsts doq
Anwnanszmuaseuaqusousilunsuiluguassamand anuanisinsziasdunglddnd (84) ognss
Border Lines 5¥314 Quadrant 2uag3 03ungldin enuvimedumaiialumsuudsuszuudomas

[ YY) a

Sowdazdneglunguidoules wifiluguassandidstundouligein arsudlugyassadidue lungy

Foulvsriouguassatl nqudase (independent) ldun n1suanussmiin (89) iluguassafidmwanseny
sogUassmduquarliFunansznuangUassadu Yo axdaungléind (89) fausiinazegnss Border Lines
5¥WIN Quadrant 3uazd uiAdsilinisiemiites uansitnisvianuasewin dalsildidunisuauuy
viindilifozlaian uidalanunszminlusefunilstagndvinanguassadumnsenuld fafirazes
fnnu vilrsdudeslfanuddglumsusloguassefidususuusnlunmsuiluguassalunisanineg NO,

kag SO, MNLATDILUALSD
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#3UNan15IY

@

n1ssvyglassa tiemguassandiAgainusundsemalng gidelanauiwuuaouninain

<

¥ (%

nMInumwIssUnssuigItesivaUassalunsaniny a1nesesudise greukuuasuaududidesiey

o A

1 3 9AnIN1ASy Illdlddudeiertesiugnamnssuvudimmeiaveing

o«

n1safiuudnaendalasainenmsiainy (ISM) uaznsianuiangvetguassalagds MICMAC
vhunldiiiensavaeuna nsszyguassauazdndrduanudidnuesguassa nisanfins NO,uag SO, N
iSespudi3e dmfugnamnssunsyudsmmeiaveding navesnsindusunansliifiuinnsvianig
nszviin waznalnlumsan NO,uag SO, fisfuyuge iugUassafiegsziuarauazeylunguill Driving Power
a1 mavelassadsfiuguisuiuiundsnudemamauny Mangmneausuaivnsenalunsai
AsauAgY ATITMedumedalun1sUudsussuuidomande vayaansdifienu anudiugl
fumeun1sufiReu nansraseuuar fusenieludesnsmuguuativniseinialungia 91auuInag
nsufdymidemaafivanganiuige YneIANsTTURnTaUN TR Souas gre Folflenauausstaimun

IMO vmansatiuayudmsuuTenvesululdauniu LNG vinanusiuiisuazuisludayaseninauseni

£
[ ude

o 1% Y] Y a VA I3 PN oA .
WNetes viednennnnsiivinisvesgselse Wuglassaniegseauuuinvuliuareylunduwenles (Linkage)

Farun1sI93S ISM waz MICMAC Tun1s@nwillanadnsnasnndaeiu

JoLEAUBDLUL

1. mesgasihraveinsided Ilddudeyalunisdadula dfvuaulevisuarnamunuegiadu

a ]

szuu Msmvuauleuigresniasziaudidgylun1sfmueian1an1siaun1AgnaI NI TuNITYUHS

naneia 3 Jufeinn1simsziauny Hauselevd NMUudanlasHanIENUNISEUU MIBaSILUINI

q

wa

nstlU TRz an

[V '
v aa Yy £ =

2. miAdglumsiiidemsdunafiaslasunisudly Aeesifivdoyanngusznaumsnmagnaimnssy

nssudamzia Jududldsunansenulagnswnyinisinsziuazaunaainianiasguaznaenyy

Y
[

Wielinsivunuleueszezduuazsyazengniesuauduass veuwsvesnsdnufidudunisianiy
Tuvsundssinalng wagnisldinada ISM o19gslimisanedmiunsdndulaunluguasse daunsfing

vlusuran AsinnisAnerluvsunysemaaisgiiniinaansunussuiiisuiunagenaladiuinig

v & a

nsUsulIguiisuanuduiusiiavnuasng (Decision Making Trial and Evaluation Laboratory:

DEMATEL) %30n52UUNNTT8AUTUATILATIZNLUUARNLATE (Fuzzy Analytic Hierarchy Process: Fuzzy
AHP) Tumsiesgsimmadngdmsunmsnisimuiikun1sannsudaesing NO, uag SO, dmsuanamnssy

Wusevilanmaly
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The Study of Fiber Properties in Burial Conditions by Scanning Electron
Microscope and Energy Dispersive X-ray Spectroscopy for Forensic

Examination
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Abstract

The estimation of incident period for forensic examination depends on several factors.
Evidence dynamics is of particular problem in the incident clarification. Evidences from the
environment and clothing can be associated for more accurate and reliable examination. The aim
of this research was to study the change of physical and chemical properties for the fabric fibers
under simulated burial conditions using Scanning Electron Microscope and Energy Dispersive X-ray
Spectroscopy (SEM/EDX) technique. Experimental research on the comparison study between
natural fiber (cotton) and synthetic fiber (polyester) was performed. The selected fabric fibers were
buried in different physical characteristics and acidity sandy loam soil at a depth of 500 mm and
then recorded for a total period of 30 days. The results showed that peeling and tearing marks were
physically observed in the cotton fibers. The fibers buried in acidic soil at different periods
demonstrated a rough surface under SEM/EDX whereas polyester fibers were unable to be physically
distinguished under tested conditions. From the chemical properties examination, the fabric fibers
buried in soil at different periods were found to be significantly different at the 0.05 significance
level. Therefore, it can be concluded that the cotton fiber is less durable than the polyester fiber.
Moreover, the results can be used as a guideline for estimation of the burial period in order to

support related scientific proof of evidence.

Keywords: Scanning Electron Microscope, Natural Fiber, Synthetic Fiber, Burial, Forensic Science

" Corresponding Author; E-mail: parinya.se@rpca.ac.th

Jryry1 156060y 100U ANUSSSU
Intellectual, Professional, Cheerfulness, Morality
154


about:blank

onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - SudAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

anulunuazanuiAyvasdyni

' [
=

lun1samafigatongnssuiiaduludagdu ssinmsimdnnmsmaneimansunldnsiaiiad
fo1i993a wielvianunsadoulosauiie wde 1fvanuiiAnmaiiossusuazfigaunsiunisnseii
auRnfsauieinfisiossesuarneundnguliluilinmeislneddlauarilddala auvdnnisuas
nuinswanivdeutngiivnnsduiassiinnsfissessesliiaue u3e Locard’s Theory (Petherick, 2010)
neundngufinuluaouiiiame wu aeiafewdsuardiiuds weruingnediinet uazenysiililu
nsnew usu dndudesgniunldlunsimseiidenleadriunginisal anve uazdgnsesiin
(Koztowski, 2012) oehlsfinsluduiiinermansdu enudunatnsieailingn i umdngu
ulymuazeuassaiidmalinuaivesmeundngiuanas watnsieiudn Wy naivdsunvaunsz
szoziia Mawdsuulaunsizanmianedey neliAnanumaandeulunisuusua ilinisduauuas
nsfigainsuamuazderfiaaieiuaiaaeldienn (Suebpongsir, 2015)

Fgnenuusziomidule Wuingueudnussianitannsadanldidenlsadrfuauield iesin
duleldidudiuuszneuvesiane wu e indesivia wazAmesneg weruvdngrumadulsanunsald
anwlunsdinsthanluinavlufufaduitnissmeend e fimdoaiuld swdsihiiausieldvioan
finaggnilslunsauiuansie Inglumdiinemansmsussinussegiiananmsdugnsaniieaag1auzen
onallaunsauszanaaideTinlduidalunnnsdl wienaanunsaldingnetudinuiuisvesan gy
Fofh thinfinwidieUssanusseznandowiu lunsinw ingwenussinindsiosmadnumuznionn

va v

wazanaulivaaiiusenauiu iediednszrinislasuulaseaduleriila (Mahacharoen, 2020) £33

% =2

Jemilsdalsglovivesingneudseiandulefaiuisodanaronisuusnanazyse i sreziian

v Y v

nadedin ibndulediduingueuifinuduazannsoinldlunsduamunafigainediie
\Beuloambetugiesasds srufsanunsalivszneunsuszanuszeznainsiomgsuiuailinisves
ffouasngAnmanlluadild uenand senumsdnuluisUssmanudt dodnfinedodulovudnii
gnilanaulufuazderamesunuanigluszeziianusyinn 5-6 Ua1v (Gubala and Kochan, 2000) 5338
nsfnudaforeshuiidanasonisdouanmusaderinananiignils (Lowe et al, 2013) wagnisvasou

ANuAuMuLsRnvInvesduledmasangnilsnauludu (Mitchell et al,, 2012) 9ndadauazdeyad

o

\Rertes mengiduleseliAnusslenisonsiannaudiinermans weltilunsudnnisiigad
Faarsauazidoulondriunisnsgyhaanufin
Tgneulszinniduledannsainisiengimemailaniinaeganssad imadads Attenuated
Total Reflectance (ATR-FTIR) wag Raman Spectroscopy (Cardell and Guerra, 2016) sudensldindos
Scanning Electron Microscope Tunmsiiaszidslagdlngjagliifiensiuisuiiisuiuingneiugiads
SERIIIUIINAUT UL BATUAZININIEATN waENUIINTITedunTE e AnudnuaIE TN
menmuazsnesrUszneumeaiivesduledilunsdgnlanauludu neldinedandosganssmidiannseou
wilndeinsnsiuivauninsalalSadonduuunsza18waeeIU se Scanning Electron Microscope and

| v

Energy Dispersive X-ray Spectroscopy (SEM/EDX) wie@inwniladeifinadeiduledluanzianauluiu

Jryry1 156060y 100U ANUSSSU
Intellectual, Professional, Cheerfulness, Morality
155



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - SudAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

[
LY Va v X A

(Mahacharoen, 2020 ; Ruangkasa, 2021) fstiu f3deFsfinrmaulafiaz@nwviuTouiiioy msasuutas
AnaNTANIMEA M USNAmIuANA eI R osRUsEneu seidulefusazaila antadediina
serduleffignienaulufufiszoznauanssiunasAuiifauandisiistu Tngld SEM/EDX 1loTnszs
UBinasanaresdUszneuiidasuutadly uagieliduuumslunisussanassoginaily nnsioad

919y InIUlA

=

= a v a 174
N Y ASITUIIYNINYIVD
e lddmsuniside
nsnsvigalidulonliiingrmansasfnyanlassaiionaai dnuaenianignIn wazauds

199 vondulowsazailafilasunansenuandaanden ielnseitoya Swunidule uasiigauideifionss

' [
a a

$99588N13NTLYINANURATIATY NMSANwIaNvedugLIng1veudulowarnIInTIERUANMULEE VDY
w@ule vilalagldim3es Scanning Electron Microscope Tunisiiansaniiesinnisiuseuiisuannudene

'
v v ¥ a A

UIngme1ud198e wagiiian1siansuInANIIzvesRuaudinisaiivaznsnenin lnguszan
armdsmeiifniuvesdulefvarouuy uildlumudemevesdulednfignienavlufulasdndueg) fo
NANTEVUNGDLAREMEAUNISA9Y WU LuafiBe uags (Judu Fagdwmansevudeidulsssuwid
unninduledansieyt (Robertson, Roux and Wiggins, 1999) uanainidnwaizlasiadramiaaiivesd
wiaguiadmnuuandnaiu dmduiiihelasdnlngilaseahadudilowagloadoutefududunsien
3138091 cellobiose wazdinnsimisadnfuagisliifuszifou fiheazgrianslddeislongluanim
arandunsn Fsnsnazidnluvhaneiuseiiuainn glucoside oxygen atom Mideuegszwrinsinanglaaiis
9362994 cellobiose auviliAnnsuandald drulasaaframnaaiivesimedioanedadurdule
dumsgiusenaulumeny Ester, carbonyl oxygen, benzene ring WAz methylene fiftn1sdmeesai
sgaduszifou i lmdulefianuudassuasnuniu wazgaunsanusonsalauinninduledife (Gohl
and Vilensky, 1980)

(%

MATUTInusmesrUTEneuvenduleiinnsiuAsuLUaY ansansIaiamedygan i

Unlasalafannnisaendsnudioduleiinnisaaiess Tngld SEM/EDX nsusnuesdaqiaiendiss
dnwalglane (characteristic X-rays) ¥assmiiuanssiufoanaiudmdsny dsualiansaszsysind
Lﬂudauwamaﬁmqﬁaﬁuﬂ’sﬁu nMslengidyyaendisddnvusionzvessinioaunauiuand
anuduiussevinadsnilumiae keV wnu X) fusiuudyanaendiseiinsnduld wnu v) dyad
ﬁLﬁmﬁuiuaLUﬂm%fmsaaﬂﬂé’aqﬁumaﬁLﬁuaaﬁﬂizﬂawuﬁaad’m (Cardell and Guerra, 2016) #4a3113
AnnevisaludsUina Insvenidu % vessniified

MuAdeiieades

Tepdacha (2013) léAnwinaantimsmeninuazguandiidsnavesduleffignilsnauszezina
#199 teTeuifisunisiasunaswesiusazyiln wuindulennuieldfuaundomeviodesanm

paganilanaunlufudedkasfiunsne @ulernsssuvMdauan nuINNINEULEEFNATIEN WAENUIN

Jryry1 156060y 100U ANUSSSU
Intellectual, Professional, Cheerfulness, Morality
156



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - SudAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

dlefenauduszoznauuagldfuanudemennni wesdmuiniavesinuagssognaniilanay
danasiariAuauusRnUIneg1eiiduddny nedmnyilalianuaiuniuselsnvinanamanidinay
wnty uaadliiuiinmeiafuiarssernaiinausstudsalininudsuasdneasnsmeniniag
auantAivadanavenduleduandiafu uonaindnisAnwilusiasema (Lowe et al, 2013) waz
Ueland et al. (2019) wdulefusazadnaiignilanavlufulaglisfefinuasdnsazvondofunui
szozanfignilinauiinadonndenan nvediduly LazauAdeves Ruangkasa (2021) 1finn1sfnen
Wisuigudnvaensduguinewazsmesdusenevvesduledsssunauaziduleduaseiluaniie
nstlanaufefumien uasfunsedisisianudunia-rmsinauandeiy nudaunsoduunUseny
wuleandnuugnisdugiuingruassinesausenauudazyseinnle wagnuinduledniheasnadily
anmenalduinnitluanigens uenaniianauideuss Mahacharoen (2020) ldtiauenisiiasey
Snungmnsiufiuazsmosdvsznouluduledunseiuas dulosssunfseds SEM/EDX luauih
Ingrenans IneAnwinasduunauautiniuaiiuuianzianzavesdulesssuydvasidulodunsen

wazinearUsznaumawailuldlunisiSeuiisuseninaduleaosviin wuin SEM/EDX aunsalddy

ada

wwImansasiaduleniivszdninmuazudugilaonisduunauaudiniuasendule 8nvaduisn

lhaneingneuuaganunsansininagigiiiennnugniesnnguld

L

ngUsTaIAuaINISIVY

A o =

WiovhnsfnwiTeuisunsidsuulasgaaniinisnenmueaduleiusaziinainnisils
navlufufiszoznaunnisiusasiuifauaudiuandai lnelindonansseididnasouviadensia
srudvalUnnsalalsedonduuunIza1eWa991U %50 Scanning Electron Microscope and Energy
Dispersive X-ray Spectroscopy (SEM/EDX) IUﬂ’lim’mLU%EJULﬁSuﬁ'ﬂwmzVl’]&ﬁmg’luuazﬁ’l@mﬁﬂizﬂau

Tudulevastnurazyiin

YIULYAVDINITIVY

1. Snvazvesindildfine fe driivesadulosssund Toua fhe (Cotton) waviduledunsnzd
laun wedieaimes (Polyester)

2. guuantimamenimiidnu i Snvasnmsduguvesanmituiadulei

3. pauandiniaaifidnw 1iua msiasuulamessinuazesdUsznouveaduledn

4. fuildlunuiteduiuhulunmeiifidnvaenanenm warandfimaadiu Tnefmuadiu
wilaft 1 Juduwin A washuvidad 2 Huduein B

5. i3eafleflddnwn Thud eFesTar pH wazAnTuTesiu uarndosganssmididnaseunuy
d99n0917 Scanning Electron Microscope and Energy Dispersive X-ray Spectroscopy (SEM /EDX) ot

HITACHI $1 SU 1000

Jryry1 156060y 100U ANUSSSU
Intellectual, Professional, Cheerfulness, Morality
157



onsansASUNUUSAAU adudnenmansiasinalulad UR 14 uns1Au - SUoNAU 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

A5anduN1599Y
NENA8EN9

Ya o & v oA

1. fAdelafmuanguussvinsidmngngudiedid Ae dfinemedulosssuvifuazidule

L4

duaseh 195duiegrawuuinzasnnnguuesiinnedgidulesssuvifuazidulsdunsivsiegea

ee

1 vl Téuf &1 (Cotton) uazwedieanas (Polyester) dalufidonlunisirundadududoduaz
insesyminiiensuilanegaunsvanglulszine

2. fiuildlanauiudiuidegne fvualdausudunsedmuinnlulssmalne fufhiandnw
Dugnfiuszeas nquyniudl 43 (Department of Land Development, 2014) lutndiudisuarjaneiu
fuunaulunisnaasadu 2 viia Fwanseuaind 1 nsfuedausnivundu fusie A dnwvazna
e nfinerupdeiansewazidndeans (s9adnu 5YR 5/8) Taeifieudiu Munsell soil color chart
(Color, 1994) i pH aglutsszann 4-6 uazaruBuduRUSYINTU 81.92% uarAurdafiaosruuadu
funiin B fdnwmrmenienimdufou Fin (s9WadRu 5YR 6/2) wazfidenmenausy da1 pH aglutag

UL 6-7 WAZANUTUFUNUSIVINAU 80.91%

AN 1 LAAIS NWUZVRIRUTIUUUNTIY F1USUNITNAFBINSRINAUEN (1) Auada A (2) Auvde B

funauuarIsnanaaeg

1. MawSeudiognein vhlasnsdatusednsnihowasimodioanes Wilvwaussum ns x
617 Usganal 3.0 x 3.0 wulums denlithdunuiieliannsadaunnanisiasuudasléddaaulunmasoy
AasauUAnIsmenm duiindeyadnuagnianignmyeinguiiegesudazyin

2. MawssunapInsEudmsuusIIAuLaslddmsullanay ilaen1sdnassanitzaaieanInils
NAUIT TAWSENNaBIUIN N919 x 819 x 89 10U 12 x 12 x 65 [WuRuAT $1UIU 4 NaDY 119NFBINTZAY
Blufuidaiifnsmvaugumnivaranmundesledluanngfeaty sudunsaaesmstenause
naensrAwanzmiloudsluiuyin A uazdiuyia B lagvin15inel pH wavaumniiau LAYAUTY
AABANITNARD

3. yssguaslundosnseauiwioulilaglidanugatumand sldndes 10 wuhiuns a1nidu
MeegeiuazussaRuativlundesnseaulifissduanugeUssann 50 wufiuns Hanaudussesim

15 U war 30 T4 FIBg AN INT1ABINISHINAUBERIAININA 1

Jryny 180670y 10NUIU ANISSSL
Intellectual, Professional, Cheerfulness, Morality
158



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - SudAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

4. Wevinsianauasuauszegiatiivue dididiegseenunainnassuazasdainduag 3
AT Wemdnaudiuiuesnieuinlunegsuamuantiniiniennuazniaailas SEM/EDX lnalidfinisdn
asiiiadunsmuauadefiinadoiduledluannsilsnauliaiiousss

5. @wnuml8 SEM/EDX (Hitachi 'sq'u SU1000) Tae Backscattered-Electron mode i 20 KV 144

Y87 500 waz 1,000 w1 IUsngnIn SEM uazdaiaiwasdiuiu 3 a5 nusnasdulernnsmumislidgniu

65 @i,

NN 2 AMNIasInsRanaumegnauletmeRuluNTULNaRINTE AN

nsAATITvitaya

Tunsdnun §ideldinisieseilagldadanssaun loud diede (Mean) uaz drudsauy
1175514 (Standard Deviation, S.D.) tle3iaseviUsumsInesdUsznevveaduloudazyialuaniae
windeuuazsreznaiiuandnaiu Ingldmaiia SEM/EDX uarldadnsnads lun n153Asn29i Independent
sample t-test Inglilusunsudiagy spss ilednneiieuifisuauuandiadulodimetausiazuin

AlesunaInvinvesRukazsyaznailunsilanau

NN
MnananisinuIdeiduledihoazidulonedieanesfidsnavlufiuiudunssudaz g

SreIauaNd 1t andeszinuaudinisnen nalginaila SEM/EDX lagn1snsiadnuaenadugiu

vosanmiuiduled dunauariiesgilassaiunisindosivesdulefisidsens 500 uar 1,000 i

1

AsannnvengEulednusnannunsasuslasvesdulelaenisiSeuiis unuasinwinduuin 20

[

luasau (um) Anszniuladeseziiainislanaunuanseiu nan1sMAaentausIngsneasidsnland

AN 1 WATAISI9N 2

Jryry1 156060y 100U ANUSSSU
Intellectual, Professional, Cheerfulness, Morality
159



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - SudAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

A1319% 1 dnwagnsdagiuveaduledenneunasrdinisilanauluaulagly SEM/EDX

Usznuasnu 3PS/

Aaun1sienau Henau 15 M Henau 30 M

AUYn A

AUYUA B

FloxSEM1000 15.0KV 8.5mim X800 BSE-COMPS0PS

dnwaurnsdugraneweaduleiihefissesnadneiu deilinaulufuvia A nuindnuvazves
dulefanuuandistu fufivesdulednihe fssesingn 30 Ju Banisgaaeniazdnuinuidiy qul
Snuarliiiou uiufvesdulefnihefliszesingn 15 Ju S8nuasdeu ldfinnsvaeaenvidedniia uas
defnsameduguingveadlledinelufiuein A wazfuvia B iszeriian 15 u wui fHufiaves
dilegineilsnavlufuvie B Asveziian 15 Ju iAansvgeasnuazdnuiauidiu aulidnvaslsiiFeu
unninduleinihefiilanavlufuein A luvasiissezina 30 fu wnuihdnuuzveadulelifanuunndng

i Fenuiveuduleddheinaulufusiudunsesin A uagiuvia B inn1svanasnuazanuinulsdIu

A1319% 2 anvaenadugiuvesduleinnedieawmainneuwasndinisianaulufulasly SEM/EDX

Usgnnuasau ITYILIAN

Aaun1silanau feanau 15 M Henau 30 M

AUYUA A

AUYA B

Jryry1 156060y 100U ANUSSSU
Intellectual, Professional, Cheerfulness, Morality
160



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - SudAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

anwausnduguInevesduledinedieawes danavlufuvie A wasfuylia B Nszeziian
AU wudnwagnsduguvesiuiduleludaunanseiu waslianunsasieudisunnuuansnsle

287197 ALIU

a L4

NN5ATIEMTUSUTAelgATes SEM/EDX wSsusuanuwananaserinaduleinthe way

&

H1NeAANDS NoNHInauNszezaIkarluAuNLANA1IiY 31NN1SANYIaIAUsENaUNILATivaduladnva

Y

aesvila wuilisnnesdusznaulavdiulng laun samA1sueu (O) wazs1neandiau (O) aenArediiu

lassafaluanaiugiumaaiivesduledauiansfianini 2

CH,0H CH,OH CH,OH
H —0 , 0 0
\+ g H\‘%\D H/é \(E\O\'?:/E o
H H OH H
WH Y /1‘ J\$‘|/
H OH H  OH

o] o]
II Il
H—{—O—CH-‘CHL—O—C C‘]»CCH:_.
n

it 3 lassaaluanaiiugrumaniiveaduledie (uw) wasidulednedieawmes (819)

#ia1: Ruangkasa (2021)

nsiassiauaudiniaeaiivesduledndelaenisiSeuisudsuinasimesdlsenaulumieios
aglaeuda (Wt%) vasdSunasaveaduledidie neutlanauysunass C danviniu 38.83 wasyiunnsg
0 fidwiriu 57.06 e luilanaulufuvia A wagAuvia B fiszezinan 15 3u wuin deilsnaulufuwia
A Usanausnn C fiawiniu 27.99 Amfuedidudvesnsasundasiinaineunsilinauuazszezina 15
$u flenanaaindu 27.92% @muiunasin O wuwiiiy 50.85 dranasAndu 10.88% uaziileilanauly
fuwila B USinasn C windu 33.81 SsAnifunisiudsunlamwesuTnnainunounsienauiisudui
sepwa 15 U anaasiiy 12.92% wawUnmsin O fewhfu 57.47 Fufisduiiu 0.719% seawden

LEAAIAINITIN 3

Jryry1 156060y 100U ANUSSSU
Intellectual, Professional, Cheerfulness, Morality
161



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - SudAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

M1319%1 3 USunausgesAuseney (Wi%) vesduledhevdslinaulufiuiszesiian 15 u uay 30 Tu

NWALA SEM/EDX

¥in A U3uausI9
Y Sees | YUAVDIAU - . . Y .
Wule 2 nan1sIATIzkasaUnasuvauduly 2sAUsENaY (Wt%)
1980 fitlenay
C o)
fuviia A ' 27.99 | 50.85
15 U
AUYiin B i o 33.81 57.47
Hne 4, ﬂ
fuviia A 7 28.46 48.38
30 U
fuvin B [ 3608 | 52.63

MNMIANUTINUsMLaresRUsEneumaaiiveaduledie neuilinauuianneis C IAwwiniu

38.83 wazUsuusie O fid1winiu 57.06 isiludlenavlufueiia A uazfuwina B Niszziian 30 Tu

wudndleilsnaulufuuda A USunasie C Sanindu 28.46 TneAndulasidudnisiuasundasneunisils

nauwiguiufszeziial 30 Ju dAranaavinfu 26.71% dusuuSuiusis O daAwiiiu 48.38 deanas

winiu 15.21% uazdleilnaulufueiia B Usunasig C dawiiu 36.08 lneAaduesidudnisiuasundas

naun1sianauiuseezIan 30 Tu denanawyiniu 7.08% wazUSunasis O dAwvindu 52.63 fAanad

WINAU 7.76%

Jryry1 1890670y 10U ALUSSSL

Intellectual, Professional, Cheerfulness, Morality

162



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - SudAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

nAsIgRsnkaresrUsenaumsaiivenduledinedieames neuilinauuTuiasie C fian
Wiy 57.87 uazUlinaisng O TAuviriy 41.90 Wevimsienaulufuiiflanzunnsinsiu newIeuiiiey
Unasgesduszney (W) veudulevdsilinaufefuiissozing 15 Ju uag 30 Fu nanmaaosiildd
MuaziBuanansie 9197l ¢ lnsUBinusmuazesduszneumaaiiveadulodmedioanes Wevinnsils
navlufuwda A uagduvie B iszozinan 15 u wuindleilanavlufusia A Usunasig C Tauviaiy
50.21 TasAnifuefidudiuasunasnouilinauifisufussazina 15 Fu fldranauinfiu 12.39% uas
Uunasng O fldwindu 41.75 fleranaavinfu 9.43% eilsnavlufusia B Usuiasis C fldminiy
53.14 TngAniduiediduinsiasuulasounsilinauiuiiszoginan 15 Yu fmanaviiiu 15.60% uag
U519 O dewiniu 39.20 franaaviniu 1.41%

wulednedieawes neulanauysuisig C dawindu 57.87 waguUiunusig O fawiiiu 41.90
dlegnilanavlufuwia A Jiasrgsifiszoziian 30 Ju wuin Usumsas C fidvindu 42,14 TagAadu
Wesiudnsiwasuwasieunsinaudisuiuiissezinan 30 Yu fidianaaiiu 32.66% wazUiinasg
O fiAwiiy 46.28 fianfisturiniu 14.80% dmsunisilanavlufueiin B wuusuiusin C Sauviiy
56.64 TnoAndunefiduinisilasuulasnoumsienauaniiszogiaan 30 Ju fldranauviiiu 9.75% uas
USinusn O Saviiu 43.36 Taedidfindusity 5.18%

nyiesgdeyanaifiveaduledly inmsliasevideyalagldadi independent t-test
TUsunsu SPSs wesdoyanaantfmaningludileiusazsiandaarnnisgnilinavlufusiutunsed
anzuandousneiu vnmsFeuiisudinasigesduszneunnadailiifiearisoduduainaunnsng

YOIMaANSluLAAzEN1IEN1IMAGeY (Tepdacha, 2013) nadsnniduleddhegnianauludusiia A wagiu

a

¥iin B Miszegiian 15 Ju Ysuiwsin C vesndulennihengnilanavlufuauasyiadulifinaiuuansneiu

Y

Tuwaie3anaeg O veuduledhengnilsnavluiuauazyiaiulianuuandsiusg1aidedfynieaia

'
=

Mszau 0.05 Werihegnilsnaulufiuiszeziia 30 Tu USuusie C uarsig O veasuleddengnilanay
lufunsaesydaliunndreiu dmsunismeasslaslddinedieawmesienavlufunaesvia wui

fszaziian 15 Ju YSunausie C wazUsuues O veadulednedieawesignilnavlufunsaesviialyd

'
a

ANULANA1aY Wk medleamesgnianauluAunszuziian 30 Ju USuiusn C wazd3uiusn O 19

a o ) aaa

wulerngnilenaulufuiiseiuiy Ianuwanseiuegdliduddgmnsadinnsedu 0.05

Jryry1 156060y 100U ANUSSSU
Intellectual, Professional, Cheerfulness, Morality
163



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - SudAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

M13199 4 USinausnesdusznau (Wid) veudulenefieaimesvdilanausiefunissogiian 15 Tu

way 30 U MuwmAla SEM/EDX

- A UTunausn
YUA YUAYDIAU - . o Y P
v LYY | nan1sIATIzkasaUnasuvaaduly 29AUIzNaU (Wt%)
vaule anau
C 0
Auiin A 50.70 37.95
15 U
AUYUA B 48.84 41.31
NS
AUYa A 40.94 48.10
30 U =
5] 6P
AUYA B 53.23 44.07

HaN15ILAT181enTdIusneIAUsEnauvaduleddeuaziduledinefiaaines iefny

MsasuwlatesrusenauniaailvawduleinNannenautkazraanisienavludunssezian 15 U hag

30 Ju ngldtoyausinnsmesrusenauiriinsieilagmata SEM/EDX d518aul8unuaninanisnsd 5

Jryry1 1890670y 10U ALUSSSL

Intellectual, Professional, Cheerfulness, Morality

164



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - SudAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

=] o | 13 o v o o a 5=t a a
A15199 5 SmsndrnesUsznevvenduledihowasiduledwedioamesdgnilinauluduia A

LATAUYTA B N1528zIa1m9ny

- Ysunasnaerusenau (Wt%)
YUNVDY o :
v a o 3381981 519 C 570 O an3&au (C:0)
AUIUA A | AUTUA B | AUBUA A | AUYUA B | AUTUA A | AUTUA B
feuilsnau (0 Tw) | 38.83 38.83 57.06 57.06 0.68 0.68
e | 15 Tu 27.99 33.81 50.85 57.47 0.54 0.59
30 Ju 28.46 36.08 48.38 52.63 0.59 0.69
. . | neuilsnau (0 ju) 57.87 57.87 41.90 41.90 1.38 1.38
NIWDG =
. | 159u 50.70 48.84 37.95 41.31 1.34 1.18
LOELNDI —
30 u 40.94 53.23 48.10 44.07 0.85 1.21
#3UNan15IY

NnnsAnwIasuulasdnuazmameninesdulelasnsiinsgiammainy SEM luriannsia
yuainfudiszes 20 pm elFeudisuduled wuin dulehihedignilsnavlufvein A wagAuvie B
wumadsuuasegisdnuiiessoznauuiu Tasfiszesina 30 Yu ian1vgasenuasdniauisdau
dnwairlsiGou fadulefinsvereiesninnnidlodisuiumsgnilinaudiszoziaan 15 $u Wesnfuwin
A flanudunsaunninfusia B Ssnuidnvagmsmennvesindelufuyia B fiannuuanmaiuiulu
furda A ag1edaiu dmsunsiessimaduguesiuindulodaasies wui Fwedieaimeiignils
naulufiuwde A wazduviia B lunudnwarnanisaniunnsisfusgrsdaauvesduleiiososina
Wit fadu msfnwiisuifisuiiessyanudsuamsnmamvenduleinduameinidnauluiu
shoganelussernaniimvuaty Siliaunsassyannisiesesinmaunu SEM fissgafeald

nsAnwpuantAnuaiiveshdheuazinedioamesndinisilinay wuindinsaaneiveudule
ffndu Tnowaiildainsin C uag 519 O fUSmauesidusifianas Tngludusiia A Ssdiaudunsaasny
nsamefvesUTinusg C iluihiheuasimedioanes uidmiusin O senuUTinunsdsundas
othdldreiies udidofinnsandnsdrunessy CO lusogsiviaosiin nuhidanas wazdlefinnsan
TuAuvila B agnuimaudsuulamesTunnsn C uazsin O Tudiaaesyiia lufanuuansnefusntn
wuUFuns1g C Wasuulasfsndndes seslsinuilefinnsansandiuesdusznausin CO athihe
wazimediealnes Idnsrdruananiefisuiuieunisilinay uazazarusauiiuldodredalauiva
szzaan 15 Juveanistanavu wansliiufenisaarediveaduleainnisieseiauaudfnisad
aonAdosiuMsaaNefInuHaNTIATIZENsIWABULUamNINEn T 91nHanFIdesilRagUlean dhihe
wazfmedeameifignilsnavluduinisidenaaefiunnssiumudadvanisvesiiunas szoznanildly
nsilanau ansmirlududeyausznoulunsditnuTngnenuussamideindaieatesnisilanay waeu
wmdlunisfiansaniududeyammginisalifsdeaiieuszanassornaiingneugnienautas
szezanelu 30 Tuld

Jryry1 156060y 100U ANUSSSU

Intellectual, Professional, Cheerfulness, Morality
165



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - Sud1AL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

aAuT8Na

MnAsAnw U sufisunsasunlasnuandiniansanuaziaiiveaduledusazaiaan
nstlinavlufuiisseznauanisiulas fussiiniu nglindesganssmididnnseurindesnsingaiu
awninsalalSsdionduuunsza1enasanu (SEM/EDX) nudn aneaiznsintesi lassaiauazauauds
vouduleriviaosiaunndsiu uazdnuueynamenmvsnduledndheuandidiunsanaeniasingn
vsdauiidnuagliBeuislognilanavlufuvia A fiszezarunndaiu luvagidledihodegnils
naulufuvde B fszernaunnsrstundulinuanuunniiavesdnwmuenisneninesasudn i
WomnnAuwiin A fenudunsannnitiueia B desegsngnilsnaulufiuiianiznsadafinmsiudsuutas
Tnodulefiheinmadsannuaznadaag esnaramnmdunsa-auazanutuifognisluiu dwa
lmdulediinnsidenanin (Tepdacha, 2013) Snieiisenunanmsineindulefheszsmndluanie
nsaldnnniluanizeng (Ruangkasa, 2021) luvniginansdnwidulelndieamedideaglufuifianio
Anefukassruziiatfiudeliaiuisasenaiuuand19la aenadediui1uide Ueland et al. (2019)
Genuidnfindmannidulesssumfaaneduiiniidndaanidulodaaned wastusgiuszesinaves
nsgnilanaulufiu saulUfisndde Komkleow et al. (2014) Gso5ureiinistesamenisdininweadly
fnihedugeniluiwedieainefoensdideddy vliAauuamdunisiinsgismesdusenouluduledi
Toeld SEM/EDX $rufunmsfnundnuaiznmenisnimifieduunainuunninsvesdluanizsngeg

WefinwUTunasmuarasruszneumeaiiluduledusasyiin naannsAnwinuitusunaese C

9
'

wazU3ums1n O Fudussdussneundnideglulassadimaaiveaduled Wethluilanaulufuid
ANNMTHANAIIY AD AUTHA A wavfurslea B 15zeiian 15 74 way 30 T4 1A189AUSENoUNILALT

wANe19Y aenARBIUUITEVEY Mahacharoen (2020) NAnwdnvauziduleduagsmodusenaunieg
walla SEM nwud wduledouasidulenedieanes dsimeedusenoundn 2 vila tawn arsueu (O) way

20nB1au (0) wuriu wazdumuindifhengnilenavlufuianigiaiulugieszesiainouildfisssesiiand

Haudd 15 Tu YSunusguazesruszneumaaiiluduleddheanasegrelifeddgdaiieuiuduledni

navluAuuiudeszezial 30 Ju luvasiniswdsuilassinesalsenevvenduledinedieainasiu

fUsununtsanasntesninluduledheluriessesnafeinu wanddmaulainfdineaeanasnnanann

[
[ v Y o

dleduaneiiinsgesaanglaonnindniheadudulesssund Snsdiaenndomseiuanundifedne
lngldAudiegsnfianuvarnvaiginiy

v a

NnsansAITeiliduduindulediansssuni fe e fdnvuznsinEosdvonduledi
anumunutesnindulefdunsegd fe dmedieames wiainiadudu wu aruluarujisen
pondduiiieates viliusinavessneendiauiifluduinfiaessialuinai Tepdacha (2013) uagnuin
aautFvesdulofusarsindnalanseornfindnnnduledu ulefianusogaduildfaydmalii
ansgedutararsuldinnnd duddivhandulefufussiasianumumiuninge i pH
meluduzia A fenudunsmnnniifiuvie B dwaliufinuvesigesiusenoumaeiivosduloiians

PanaIg1ANANNAU UBNAINTNISIY SEM/EDX dadumatinfiaunsadnunvianasanuwauzuaadule

Jryry1 156060y 100U ANUSSSU
Intellectual, Professional, Cheerfulness, Morality
166



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - Sud1AL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

Ielnglivihaneingnenu fusslevisenisnsiafigauniswuiiinermansilesandeldiuseulunisiiu
fnguerudwiunmslinszisniionnugndeswazanuindefionindatu sgslsfiniy euideiifuuun
MIMFIATIEidnvaznsMeauazmaaiive s lafifomhunldiu sidedelumsdnuiadevie
duilAedosdmunsilinavlufiu 1wy qauvddlumu Aty anmerma Srulumsdndraiusazeio
Hustu ileliAnguuuumsiingeit (profile) inseunguuasiinyszlovilumsiannismansaieudio

1Y

mgneusialy

LRIGIRIE
1. daausuuzlunisimaddeluly
1.1 meifeiidnwmaninnisilinauluuiidesiinvesn (Fulosssuwd duleduases)
TunsUszinuszeznamsiisdnuautiivndasaiie ared nsiame uaznmsdaduveadulewiianis
dieanunsaUszanuszernamamsiinaulfusus ey
1.2 nansiianegiisinesdussnouvesiusazaiinenanainindoumnaniiziiltunneisiu
AsAUANANTIENSHNAY AnWeINA LWy ANuTukargumgl TlndiAsaty
2. doiusuurlunisideasesialy
2.1 ensldsvznmnsilanauiiuiuiy wazdnutiadeildlumsionaulvinsounquuiierdu s
muaNanTznsianaulilnglfssanInase wu anaudunne uagqdunsd
2.2 arsinwiladedufienaiinarerduled uasiAntuunfludinusesiu Wy nisindrs vide

sl

LBNE1I5919D9

Cardell, C. and Guerra, I. (2016). An overview of emerging hyphenated SEM-EDX and Raman
spectroscopy systems: Applications in life, environmental and materials sciences. TrAC
Trends in Analytical Chemistry, 77, 156-166.

Color, M. (1994). Munsell soil color charts, revised edition. New Windsor, New York: Macbeth
Division of Kollmorgen Instruments Corporation.

Department of Land Development. (2010). 62 soil group series [Online]. Retrieved March 1, 2020,
from: https://ldd.go.th/thaisoils museum/62_soilgroup/main_62soilgroup.htm. (in Thai)

Gohl, E. and Vilensky, L. (1980). Textile science: An Explanation of Fibre Properties. Sydney,
Australia: Longman Cheshire.

Gubala, J. and Kochan, R. (2000). The biodegradation of the fabric of soldiers’ uniforms.
Science & Justice, 40(1), 15-20.

Jryry1 156060y 100U ANUSSSU
Intellectual, Professional, Cheerfulness, Morality
167



onsansASUNUUSAAU adudnenAansiazinalulad UR 14 uns1Au - Sud1AL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

Komkleow, S., Whalley, A., Karnchanatat, A. and Sihanonth, P. (2014). Decomposition of cotton and
polyester fabrics in soil and related fungi. Thesis of the Degree of Master of Science
Program in Biotechnology. Bangkok: Chulalongkorn University. (in Thai)

Koztowski, R. (2012). Identification of natural textile fibres. In Woodhead Publishing Series in
Textiles (Eds). Handbook of Natural Fibres. (pp. 314-344). Australia: Woodhead Publishing.

Lowe, A. et al. (2013). The effect of soil texture on the degradation of textiles associated with
buried bodies. Forensic Science International, 231, 331-339.

Mahacharoen, T. (2020). The Classification of Natural and Synthetic Fibers in Thailand for Forensic
Purpose by Using Surface and Elemental Analysis from Scanning Electron
Microscope/Energy Dispersive X-ray Spectroscopy. CRMA Journal, 18, 32-46. (in Thai)

Mitchell, J., Carra, D., Niven, B., Harrison, K. and Girvan, E. (2012). Physical and mechanical
degradation of shirting fabrics in burial conditions. Forensic Science International, 222,
94-101.

Petherick, W., Turvey, B. and Ferguson, C. (2010). Forensic Criminology. London: Elsevier
Academic Press.

Robertson, J., Roux C. and Wiggins, K. (1999). Forensic Examination of Fibres. London, UK: Taylor
and Francis.

Ruangkasa, S. (2021). A Study of Physiological Structure and Element Composition of Fibers at
Burial with Different pH Values. Journal of Applied Research on Science and Technology
(JARST), 20(2), 2773-9473. (in Thai)

Suebpongsiri, S. (2015). Crime Reconstruction in Forensic Science Approach. Journal of Criminology
and Forensic Science, 1, 7-16. (in Thai)

Tepdacha, W. (2013). A Study of physical and mechanical properties of fabrics within burial
conditions. Thesis of the Master of Science Program in Forensic Science. Silpakorn
University. (in Thai)

Ueland, M., Forbes, S. L., and Stuart, B. H. (2019). Understanding clothed buried remains:
the analysis of decomposition fluids and their influence on clothing in model burial

environments. Forensic Science, Medicine and Pathology, 15(1), 3-12.

Jryry1 156060y 100U ANUSSSU
Intellectual, Professional, Cheerfulness, Morality
168



onsansASUNUUSAAU auudnenAansia:inalulad UR 14 unsiAU - Sud1AL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

] A a ' ¢
n1seanLUULAzaTIATasHuaanunAuAulagiIuENN TN N

<

NYSUNT dununal, Iswa Unudsuaad nuiuun dnalnana’,

9

nFan guie’, Aol dnssryeia®, wevanad ygnun®’
lanvnigngnamnssufal anzmalulaganamungsy UNINeNaesI¥AqUATAISIINGIY
gy nalulaganainssy AMZWALULABNEMINT SN UNNINYISBTIBAUATAISIINIY
*81913813ANTTUINAY AUEAAINTINAIENT UNIINBIRENTINNEUYS
‘grun3rndaanssauiniy audaanssuamansuazaadnenssuaans

W IMedBnalulagsvaenagIssagil

Received: 12 July 2021
Revised: 21 November 2022
Accepted: 21 November 2022

UNANED

Nuideatuiihaueniseeniuuiarasiuesesdudaniudsieuaunisvinulagriuaun vy

el tngusvasddall Ao ieWauieiosdiudanuiiazesnuuuuaradiaaiesdiudanundanisinesiy
vl wfinarwazaan meis lunsfudeniul aanauasiiusandaundstu wasiveuiunvos
Tassaudsil sanuuuliueiesdudnniuuuuiduliasmnuagiuadoniufuuarooniuussuuieiosd
waanundanislagruanfmlnuiawisoda Ia iedesuazudufoudloudunmmdnniuivun suds
annsavenyTnauudanumduedidud Tnedanuihulnsdnviauflnulddnde inTesdiudaniumids
mslagsnanvln Suun Tasaiiseardosdiudaniun A 60 wufiluns Anunine 40 lwuRuns
AEe 110 Wwufituns Msnaaesutseanidu 3 dau fie (1) MIvedeUANsIAUE MTThaLYBaAdosdEn
nundsnistagsiuasn iy waasuldinadesamnsadudanunlsuimamngn 7 830 n¥u a1mis
5ol 750 RPM Tutian 5 it (2) vinmsvedeuilonanuAnNaInYeIsE UL WU SEuvaINsaLdaiiou
AdnuldnuingUszasd uazasunanisnnass uas (3) unanisananuiimelalunisliiesesdwdn
nundsimuaunsihaulagiaindnlnuguiuy vinsaguaenufisnelanislinueieadiudaniu
dnsTagrinuasnsvlviusuuuy faufinelaadesiu Ae unfige (X = 4.53, SD. = 0.44)

a =3

AdAgy: Lesasduanniun wendindu Blynk Wesidudainiuuiug

" fUszanunuman; Bia: promphak boo@bkkthon.ac.th

erry7 /5’836’7[]4 1unuU FIUSSSIU
Intellectual, Professional, Cheerfulness, Morality
169



onsansASUNUUSAAU adudnenFansiazinalulag UA 14 unsiAu - SUdAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

Designing and Building a Coffee bean Polishing machine

using a Smartphone controller

Patcharin Intamas®, Weerapol Pansrinaun?, Kantinan Sakulpaisan?®,

Kreeta Sukthang®, Saran Chattunyakit®, Promphak Boonraksa*"

!Industrial Arts Department, Faculty of Industrial Technology,
Nakhon Si Thammarat Rajabhat University

2 Industrial Technology Department, Faculty of Industrial Technology,
Nakhon Si Thammarat Rajabhat University
® Electrical Engineering Department, Faculty of Engineering, Bangkok Thonburi University
% School of Electrical Engineering Faculty of Engineering and Architecture,

Rajamangala University of Technology Suvarnabhumi

Received: 12 July 2021
Revised: 21 November 2022
Accepted: 21 November 2022

Abstract

This research presents the design and construction of a coffee bean polishing machine
controlled by a smartphone. The objectives are as follows: to develop a designed and built coffee
bean polishing machine that can be controlled via a smartphone to reduce time and increase
productivity. The scope of the project is as follows: Designed a coffee bean polishing machine that
can be controlled via a smartphone that can turn on and off the machine and notify when the
amount of coffee beans runs out Including being able to tell the number of coffee beans as a
percentage by ordering through a smartphone as well. The structure of the coffee bean polishing
machine is 60 centimeters long, 40 centimeters wide, and 110 centimeters high. The experiment was
divided into 3 parts: (1) Testing the performance of the coffee bean color machine, ordered via a
smartphone. The results concluded that the machine was able to mill the maximum amount of
coffee beans at 830 grams at a speed of 750 RPM in 5 minutes. (2) Testing for system failures. It was
found that the system was able to alert users according to the purpose and summarize the results
of the experiment and (3) To collect the results of a study on the satisfaction of using a coffee bean
milling machine controlled by a prototype smartphone. Summarize the satisfaction values of using
the coffee bean milling machine controlled via the prototype smartphone. The overall average
satisfaction was the highest (X = 4.53, S.D. = 0.44)

Keywords: Polishing Machine, Blynk Application, Percentage Accuracy
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Blynk Buaan gunsal LU Arduino esp8266 Esp32 Rasberry Pi Weusaluds Server vas Blynk laginss

ansadudetoyanmiula (Phurahong and Klangwicha, 2018)
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Abstract

This research studied the strength of precast concrete bearing walls with large opening.
The size of specimens was reduced to get the strength of 1/3 of the actual nominal wall’s strength.
Two specimens were constructed with the dimensions of 175 cm wide, 175 cm high and 7 cm thick.
One of which was a solid wall, the other had a 45% opening. Tests were performed by applying the
uniformly distributed load at the upper edge along the length of the wall. Test results showed that
the wall without opening had a load carrying capacity of 78.43 tons with a buckling mode of failure.
The ultimate testing load was found to be 2.4% and 14.1% different from the theoretical values
according to the ACl and AS standard, respectively. For the wall with large opening, the failure mode
was flexural failure with compression control. The load carrying capacity was 47% decrease. This
experimental value compared to the theoretical value suggested was found to be 7.4% different.
The discrepancy may result that the theoretical vale was formulated by the test results of wall with
opening less than 27%. Therefore, from this research of wall with very large or 45% opening, the
Empirical formula was developed using test results both of equations that are currently and
researchers. The proposed formula can decrease the degree of discrepancy to be less than 2.3%

which suitable for strength prediction of walls with large opening.

Keywords: The Strength of The Load-Bearing Wall, Precast Concrete Wall, Strength of Walls with
Openings, Opening in The Wall, Large Opening
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Abstract

Smart City projects have a large number of project-specific characteristics to be used in the
analysis for classifying smart-project types. The processing time depends on the quantity of project-
specific characteristics used in the analysis. This research investigated the correlation of project-
specific characteristics, using data mining techniques, and selected essential project-specific
characteristics for the analysis in order to reduce the processing time. The results showed that the
quantity of project-specific characteristics was reduced by 33.65%, the processing time was reduced

by 28.53%, while accuracy decreased by 1.17%.

Keywords: Data Reduction, Project Characteristics, Smart City, Smart Community, Data Mining
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Introduction

Smart City projects have a large number of project-specific characteristics to be used in the
analysis for classifying smart-project types. The type of smart project can be classified in to seven
categories: Smart Mobility, Smart Economy, Smart Environment, Smart Governance, Smart Energy,
Smart living, and Smart People by Supamid and Mungsing, (2020). In each project there are many
project-specifics characteristics to be used for smart-category classification. The project-specific
characteristics are correlated among smart project categories. Therefore, a project can be classified
as more than one category (hybrid). The processing time for smart project classification depends on
the quantity of project-specific characteristics used in the analysis. The analysis process may take
hours depending on the amount of the project-specific characteristics used. The challenge to select
the number of the project-specific characteristics to reduce the computation time with no significant
decreasing in accuracy. Investigating a correlation of project-specific characteristics among smart
categories can speed up the classification process. Correlation analysis is a statistical method used
to evaluate the strength of relationship between two quantitative variables. A high correlation means
that two or more variables have a strong relationship with each other, while a weak correlation
means that the variables are hardly related. Investigation the correlation of project-specific
characteristics helps reducing number of project-specific characteristics by selecting common and
strong relationship between smart project categories to be used for smart-project category analysis.

With the smaller number of project-specific characteristics the processing time would be faster.

Research Objective
This research aims to study the following information.
1. The study a conceptual framework by smart city and smart community.
2. The project-specific characteristics reduction.
3. The researcher created a tool to test the project.
4. The comparing classification methods for data mining is K-Nearest Neighbors (KNN), Neural

Networks, and Support Vector Machine (SVM).

Research Framework
The conceptual framework for project-specific characteristics reduction in order to reduce

processing time for sub-classification analysis of smart community projects figure 1.
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Figure 1 Conceptual framework for project-specific characteristics and smart community

sub-classification analysis processing time

According to figure 1, Conceptual framework for project-specific characteristics and smart
community sub-classification analysis processing time. There are procedures for studying and
researching information in the work. and a system for analyzing and classifying features specific to
the Smart Community project by Pichet (2017). The resulting in a more accurate understanding of
the working system of the smart community smart project selection system Which has analyzed the
needs of the decision-making system for smart community projects. After the development of the

program is completed and can study the details of the steps under the topic research process.

Research Methodology

Correlation analysis Rule mining algorithm

1.1 Correlation analysis and Regression Analysis

Correlation analysis and regression analysis is the study of the relationship of variables. The
main objective of regression analysis is estimating the value of a variable, which is called the
dependent variable, commonly denoted by Y, based on knowledge of other variables called
independent variables, commonly denoted by X. or in other words We use knowledge If only one
variable X is used in estimating Y and the relation of Y and X is linear, we call it simple linear
regression. The relationships It is the study of the degree or magnitude of the linear relationship
between two variables corresponding to Kolozali, Bermudez-Edo, Farajidavar, Barnaghi, Gao, Intizar
Ali, Mileo, Fischer, lggena, Kuemper, Tonjes (2019). It is a symbolic aggregate estimation to reduce
the size of a data stream and perform a quality analysis taking into account both single and multi-
stream data streams. However, the measuring tool is called correlation of commonly shown in the
following equation. corr(X, Y) = corr(Y, X) lower letter. When r is measured as a number between -1
and 1. r is close to 1 from the two variables are highly related and have the same direction. X is
large, Y is also large, and r is close to -1 from then the two variables are also very related, but in
opposite directions, that is, if X is large, or X is large, Y is smaller or X is small. Then, X and Y are less
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correlated and the correlation coefficient r is closest to 0. However, A key mathematical property of
the pearson correlation coefficient is that it is invariant under separate changes in location and scale
in the two variables. That is, we may transform X to a + bX and transform Y to c + dY, where a, b, ¢,
and d are constants with b, d > 0, without changing the correlation coefficient. (This holds for both
the population and sample Pearson correlation coefficients.) Note that more general linear
transformations do change the correlation: see § Decorrelation of n random variables for an
application of this.

1.2 Rule mining algorithm

Rule mining algorithm is an algorithm to search for correlation from big data to be used for
the results of the analysis will be the answer to the problem. In which this type of analysis is used
"Relationship Rules” (Association Rule) to find the correlation of information. There are several ways
to have this relationship consistent with Datta, Mali and Roy (2017). It is an algorithmic data mining
as a result of traditional mining, many rules are often created, including less or less important ones,

which users expect is follow in the most important association rules.

Research Process

The research conducted in six steps as follows:

Step 1: Define all project-specific characteristics to be used for smart community
classification. Study a research work by Supamid and Mungsing (2020), which defined project-specific
characteristics for Smart Mobility, Smart Economy, Smart Environment, Smart Governance, Smart
Energy, Smart living, and Smart People. These project-specific characteristics are to be used as the
before-reduction input data. From the method of selecting the characteristics of the smart city
project, the characteristics of various types such as Smart Energy are electric power sources to make
use of various electrical devices in height and freedom. In general, more details can be studied in
section 1. Smart city project specific characteristics.

Step 2: Perform correlation of those project-specific characteristics. The project-specific
characteristics from in step 1 are used as input for correlation analysis, using WE-KA and MATLAB.
Only strong relationship of characteristics will be considered. In general, more details can be studied
in section 2. project specific characteristics correlation analysis.

Step 3: Select essential characteristics to be used for smart community sub-classification
analysis. Therefore, when choosing a project, there are criteria to be considered as follows:
(1) Knowledge, skills, experience, aptitude and interest in the selected project. (2) The project is
appropriate and consistent with the community. (3) The project is suitable for local or community
conditions. (4) The project is suitable for gender, age, capacity and the community budget (5) The

duration of the project should not be too short and not more than 1 year. (6) It should be a project

erry7 /5’836’7[]4 1unuU FIUSSSIU
Intellectual, Professional, Cheerfulness, Morality
201



onsansASUNUUSAAU adudnenFansiazinalulag UA 14 unsiAu - SUdAL 2565
Sripatum Review of Science and Technology Vol.14 January — December 2022

that can research additional information from various sources. Can show the results of project

analysis from any type of Smart Community examination at figure 2.

Figure 2 The results of the project analysis based on the criterion of Smart Community

According to figure 2 the results of the project analysis based on the criterion of Smart
Community. Which the audit is finding information based on the likelihood, likeness or syntax of
each Smart community database, and community suitability, etc. However, the selection method
can be studied how to select it. project-specific characteristics. Which can study details in section
3. Select essential project specific characteristics.

Step 4: Perform classification using selected project-specific characteristics with data mining
technique. It is a hybrid function estimation technique for creating a continuous working model with
a value used to indicate the level of relationship. Researchers were able to analyze the data using
tools that were used for data mining, such as Decision Tree, Naive Bayes, and K-NN correspond to
Supamid and Mungsing (2020), studied the genetic coefficient for learning algorithm in imbalanced
data of software quality: A case study of the decision-making system for selecting the Smart project
for initiating projects based on the concept of Smart City In general, more details can be studied in
section 4. perform smart city classification using data mining techniques.

Step 5: Comparing processing time and accuracy before and after project-specific
characteristics reduction. Therefore, the cleaning of time is important because the time from the
action results to be used in the analysis of community smart project data in the attribute institution
has to be used for cleaning. The timing of the data or the search for defects with the optimization
of the interval data may occur or the area changes over time. In general, more details can be studied

in section 5. Record and observe processing time and efficiency.
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Project Analysis and Classification of Smart Community or Smart City Projects

1. Smart city project specific characteristics

The specific books (project characteristics) of the SmartCity project can be described as
follows. (1) Smart Energy is a source of electricity to make use of various electrical equipment such
as machine Heat, beauty, light etc. (2) Smart living is a city that has developed facilities based on
the principle of civil architecture (Universal Design) to provide people with good health and quality
of life and safe and happy in life. (3) Smart Economy is an economic system that allows individuals
to make decisions on economic activities based on their abilities and opportunities based on markets
and prices. (4) Smart Environment is a city that focuses on improving quality and increasing efficiency.
management effectiveness and monitoring systematic environment and environment. (5) Smart
People is a city that aims to develop knowledge, skills and environment. conducive to lifelong
learning Reduce social and economic inequalities and open up for creativity, innovation and public
participation. (6) Smart Mobility is a city that focuses on increasing convenience, efficiency and safety
in travel and transportation. and environmentally friendly. (7) Smart Governance is a city that focuses
on developing service systems to allow people to access government services conveniently and
quickly, increasing channels for public participation. Including allowing the public to access
information, resulting in transparency and verifiability.

2. project specific characteristics correlation analysis

Correlation analysis is the study of the relationship of 2 or more variables that they are
related or not. How much they are related to each other the correlation analysis is divided into two
types: (1) Simple Correlation Analysis. (2) Multiple Correlation Analysis.

3. Select essential project specific characteristics

Project features refer to a project that is a systematic organization of activities for the
performance of organizational duties to achieve the goals effectively. Which a good project will
make the efficiency of the operation and returns that the organization or agency will receive
worthwhile This will bring about the development of that department. The summarized the good
characteristics of the project as follows: (1) Able to meet the needs or solve problems of the
organization or department. (2) Have clear objectives and goals. Able to operate and perform.
(3) Project descriptions must be consistent and interrelated, that is, the project objectives must be
consistent with principles and rationale. Operational methods must be consistent with the
objectives, etc. (4) The details of the project can be easily understood. Convenient for implementing
the project. (5) It is a project that can be put into action. Consistent with the main program of the
organization and can be monitored and evaluated. (6) Projects must be based on factual information

and it is information that has been analyzed carefully. (7) The project must have support in terms
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of resources and management appropriately. (8) The project must have a period of time to
implement. That is, must specify the start date and end of the project.

4. perform smart city classification using data mining techniques

It is a hybrid function estimation technique for creating a continuous working model with a
value used to indicate the level of relationship. Moreover, it should know what kind of value
relationships are structured in rule form and how to implement a set of instructions or rules of
structure to create rules which can be structured in a rule form by using the equation and the
relationship of an attribute display for the measure. The equation that @ from the equation of
Correlation analysis is [ = iy ..., and D = t; ... t,;, ©. The equation that @ from the equation
of Linear regression (Regression Analysis) is Zy = B1Z, @. The equation that ® from the Multiple

Linear Regression equation is g(x) = By + B1X1 + B2 X2 + -+ + BiXy + &€ @. The equation that
LZ=(xi—%)(yi—¥)
VI-0)2E(i-y)?

5. Record and observe processing time and efficiency

@ from the equation of Correlation Analysis is 7 =

Recording is a record of the processing to examine information that may make the
information that is not inaccurate or inaccurate. Which method this result helps to observe and may
be represented by symbols in long messages. Observe the processing time for the analysis of
processing time, it is a method used to analyze data or observations that have changed in
chronological order that occurred or changed in a variable over time. The nature of the change may
or may not have a pattern. But if time shows up in a pattern that has changed over a certain period
of time in the past in the past, it will be possible to predict in the future what kind of change should
be in the future and able to forecast future data changes. Therefore, the analysis of time data is
based on historical time changes. Efficiency to optimize the analysis results: (1) the amount of work
is too large to exceed the capabilities of other methods, (2) the result is needed in a short time,
(3) the nature of the work, has a repetitive workflow; When the processing is complicated.

6. Program (program smart community)

6.1 the screen design of the program
1. Login monitor screen the sign of the site used to login to use the system.
The channel user has input user name and password to login show as figure 3 (a).
2. Main menu screen served as the center of use of the user to use functions of the
website, you can add customers with button add project and the details of the customer to stay in

the system show as figure 3 (b).
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Fassword: ]

Number - [} ié CAMEr a0 Teiiop i ek D2 Dsery e Fam

URL :

Email :

Phone NMumbear -

(a) (b)

Figure 3. (a) login (b) main menu

3. Add Customer Information screen serves to add customer information, after
pressing the ADD PROJECT button, there will be a space for the user to enter the customer's
information to select a community project. Show as shown in figure 4 (a).

4. Screen showing the results of the considered projects acts to show a list of

projects that have been considered with details. Show as shown in figure 4 (b).

(a) (b)
Figure 4. (a) The screen shows adding information to the customer who wants to locate the

distribution point. (b) The screen shows the approved project

Findings

This research is a data analysis to reduce the amount of characteristic data in the Smart
Community project for initiating projects based on the concept of Smart City. Besides, the researcher
used the specific data for comparison of classification methods with data mining in the form of
algorithms, data reduction analysis, characterization of smart community projects, results of time
analysis of project-specific data and results of data reduction methods. In this case, it is relating with
the specific information of the Smart Community project, and the results of the reduction analysis
and the characteristics of the Smart Community project. As the result, the researcher performed an

analysis to show the results according to Figure 5-10.
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K-Nearest Neighbors (K-NN) Neural Networks (NN) Support Vector Machine (SVM)

Figure 5. Comparison of Classification Methods

According to figure 5. it represented to the results of a comparison of classification methods.
The techniques used in the comparison are as follows: K-Nearest Neighbors (KNN), Neural Networks
and Support Vector Machine (SVM). Which class will represent a new condition or case? It was

possible that the K-Nearest Neighbors (KNN) technique had a maximum accuracy of 97.88%.

Accuracy I |

Reducing of Specific Data Quantity in Project (%) NI I
Time Result I N

Specific Data Quantity without Reducing NN I

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M 1 Smart Energy M 2 Smart Economy ® 3 Smart Environment = 4 Smart Mobility

B 5 Smart Governance M6 Smart living B 7 Smart People B 7 Total

Figure 6. Reduction Analysis Results for the Smart Community Project Characteristics with the

Percentage of Data Reduction in Each Feature

According to Figure 6, it represented to the results of the reduction analysis for the
characteristics of the Smart Community Project with the percentage of data reduction in each
feature. In this case, according to the result of data analysis it is based on the six project-specific
data reduction segmentation methods to be compared: delete unnecessary columns and rows,
group by and summarize, adjust column data types. optimize and set up for custom columns.
As the result, it showed that researchers could use a variety of methods to obtain the most accuracy

in reducing the amount of project-specific data.
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Accuracy NN I

Time Result I

Quantity of Specific Project Information with Reducing [N
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B 1 Smart Energy M 2 Smart Economy 3 Smart Environment = 4 Smart Mobility

M 5 Smart Governance M6 Smart living W 7 Smart People W 7 Total

Figure 7. Project-Specific Analysis Results of Processing Time

According to figure 7, the results of the analysis of the specific processing time of the project.
It is the result of data analysis from reducing the amount of information already. In order to analyze
the time required for analyzing project-specific data, it was found that the time it took to process
was better when the project-specific data was downgraded to the most accurate at 0:30:51 and the
accuracy value at an average of 97.62% of the specifics of the projects that have already been

reduced in 4702 attributes the properties (attributes).

1:26:24
1:12:00
0:57:36

0:43:12
O:2E2:48
0:14:24

0:00:00
1 2 : - 5 L] 7 8

- — Proceszing Time hefore ~s—  Processing Time after

Figure 8. Compare processing times

According to figure 8, the results of the analysis of the specific processing time of the project,
it was found that the time it took to process was better when the project-specific data was

downgraded to the most accurate at 0:30:51.
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Figure 9. Reducing Method Effects of Data on the Characteristics of the Smart Community Project

According to Figure 9, the results of the reduction method on the characteristics of the Smart
Community project. According to the result of data analysis and volume reduction method from the
comparison of classification methods, the researchers compared the six data segmentation methods:
delete unnecessary columns, delete unnecessary rows, group by and summarize, optimize column
data types, and settings for custom columns and switch to mixed mode. The results showed that

the follow-and-summation method gave the most accuracy at 98.45%.

100.00%
98.00%
96.00%
94.00%
92.00%
90.00%
88.00%

Rule mining algorithm Correlation analysis Linear regression

1 2 3

Figure 10. Reduction Analysis Results of Characteristics for the Smart Community Project

from the Data Correlation

According to Figure 10, it represented to the results of reduction analysis from the
characteristics of the Smart Community Project with finding of correlation data. Besides, it is the
result of data analysis from the comparison of the relational value with the specific information.
In this case, the researchers have compared the relationship to classify the segments with three
ways for rule mining algorithm, such as rule mining, correlation analysis (Correlational), and linear
regression (regression analysis). Thus, it was found a correlation analysis (Correlational) to gives the

highest accuracy at 98.88%.
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Discussion

The results of the research were divided into 4 categories: (1) The results of teaching
comparison of classification methods, including K-Nearest Neighbors (KNN), Neural Networks and
Support Vector Machine (SVM). The most accurate value of 97.88%, the Kenia Raseber data
segmentation method that gave the highest accuracy was not old, used with Supamid and Mungsing
(2020). described the Project-specific information conference rooms and project studies from the
study of data segmentation methods, as well as Datta, Mali and Roy (2017), say that organizing links
are based on the importance of knowledge discovery. (2) Analysis of data reduction of characteristics
of the smart community project in 6 ways. It was found that researchers were able to use a variety
of methods to obtain the most accuracy in reducing the amount of agency-specific information with
Datta, Mali and Roy (2017). Efficient data and cleaning results that saddle up of data. It uses design
aggregation estimation to reduce data size and automated validation methods, all single and multi-
model data in reducing the amount of data. (3) Project-Specific analysis results of processing time.
It was found that the time it took to perform the effect was 16.69, from the data before the reduction
7087 attribute, the time spent 47.20 downgraded the data volume 4702, the attribute (the attribute),
the time used 30:51. According to Mutani, Todeschi and Nuvoli (2019), each attainment test is based
on pattern data and different volumes of data and the degree of cleanliness. Availability of
information and a wide range of response times. 4) Reducing Method Effects of data on the
characteristics of the smart community project. The data was divided into six unnecessary
elimination methods such as remove unnecessary columns, remove unnecessary rows, group by
and summarize, optimize column data types, settings for custom columns and switch to mixed
mode. The researchers can use a variety of methods to obtain the most accurate measurements.
Reduce the amount of information for the specific project, it was found that the method for grouping
according to and sentences gave the most accuracy at 97.80%. In accordance with Nattawutthisit,
Sukvaree and Sincharoonsak (2016), described the testing methodology for the construction of train
track indicators and the patterns of the train track and smart city, as well as Rudolf and Haindlmaier
(2010), said that monitoring and manipulation to mitigate more or less conflicts depends on the
information and response times on which the display is available different. (5) The reduction analysis
the results of the feature for the smart community project from data correlation were found that
the correlation analysis gave the most accurate at 98.88%. explains how the use of technology/tools
to understand the needs of the community for training, systems, development and implementation.
According to the results of the study for the project-specific factors, it represented to the analysis
of 4702 attributes with showing of seven attribute features to be divided into seven groups, and

each of different features has been shown in figure 6. According to the reduction results for the data
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amount, it represented to the factors used in the analysis with the data characteristics for reducing
of the data amount as shown in figure 5. According to the results of the processing time before and
after the reduction as the data amount characteristics, it was found the good significance. According
to the results of the analysis accuracy before and after reducing for the data amount characteristics,
it showed of no significance including of the future research to be analyzed with the quality for the

relationship rule.

Suggestion

1. Suggestion for Research Utilization

The data analysis to reduce the amount of information on the characteristics of community
projects, it is involving with the initiating projects based on the concept of Smart City. In addition,
it was found that the community project selection method for initiatives is based on the concept
idea of Smart City by K-Nearest Neighbors method give the most accuracy to the selection and the
resulting in speed and convenient for the operator and users of the program to decide on a smart
community project So that the user can use the model most effective.

2. Suggestion for Future Research

In future research, the researcher would like to develop a system for analyzing and
characterizing the smart community project. The system provides feedback and recommendations
based on project-specific features that can enable users to immediately improve project documents
in the event that the user's project does not use Smart Community 100 percent and researchers

want to develop a system to receive and analyze project data in real-time analytics.
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