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fupanuINoU [BanAIUAIAAEBUTBINITIMUNAIBILS wazainduishamudadailaly
AREAANULUUTIABINITTILUNA18W LT (Rice Image Classification Model) siald agludunau
I & v . . & v = Y a = .
N13HUITBLaN1MUAAT13 (Rice Image Segmentation) Wuagldn15158u31348n (Deep Leaming
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WugU1? 91NN1TNAEBY Mask R-CNN #1iuA38n1591 Augmentation wuu Cropping @ Scaling

FENINAUIAATIIIINVAINARILANINLINADY FU1TvIUlsog1aliUsEanS A mAuN N eLLEn

Piluvanuatguiun lagdlan loU 91.77%
ArdAgY: N1suUITaYan AT AeNTImeIIIAY NMsSEuSTEn

ABSTRACT

An epidemic of weedy rice affects rice productivity which is an economic crops and
export products of Thailand. In computer vision era, many researchers attempted to develop
rice image classification model but most of model have developed in controlled contexts.

Due to the actual usage, images in different environments greatly affect the model accuracy
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because each type of rice is slightly different. This research aims to extend rice image
classification model in rice image segmentation phase using deep learning model to localize
rice seeds in the images in various contexts in order to improve overall accuracy. The experiment
reveals that Mask R-CNN developed using cropping and scaling augmentation techniques

trained with rice seed images captured in various environments performs well with 91.77% loU.
Keywords: Rice Image Segmentation, Computer Vision, Deep Learning
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2552) 3ot iviivdnansenuseinuasnsand1n uiidesandnuazvoundatniviivnd
mnulndlAgstumdatmaeiug denmsiuunifissudaeiuging Seilidenesenall
annsaueneenanild widesefeuszaunsairuiangidengy
argludagduinenisneuiunesavieyd (Computer Vision) dn1siaunliagiaunn wane
mATldiaLuuiaeaiioriglunisduundniviivesnaindnaeius feisnsuszanana
shenm esndnaeiusuaziniviviinruadieadsiugs wasiseazBendidosdniiuduou
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110 Fedpafunmdaenisldndesdiaasiountmatiiien wie ndesfeaueasnd (Diital Single
Lens Reflex camera: DSLR camera) Tu Controlled Environment ﬁ'ﬁmsmuqmmq SEREAL
semiendesiuludndng ilelvlis1oaziBondigel classification model axvienldfiign Fsioud
szthdnindnly classify todu szdesriiuduneunisvin Image Segmentation titelldugdndng
wiad o9 wilunisldauaisnmdrulnguranndesinsdwsisiede laildeglu Controlled
Environment filsifinsnuauuas fufi waesverserindestundndnn wosmnamitldunda
vanavanesisludomesnudnin tunveandnd1n Nunds wazianseudns Mdumsseysumis
veuudndnIsdaududeunnndu suluiinsdonh Deep Learning Wnldluduneunisin Image

Segmentation
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NUITUTWUwIAnN A goAkaEHRINILUUTIA0IN1TIUUN @187 LT (Rice Image
Classification Model) Iagagiamuiliaiunsaldladuamaigainndesinsdnidens laon1sasig
LuuaaIn1swladeyan mudndn (Rice Image Segmentation Model) Mensi3eusidedn (Deep
Learning) 7l a1s13a5eyfunyaveadnd1aainaini laildeglu Controlled Environment 1¢
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1. n1suusdayanIndq835n15138us1898n (Image Segmentation : Deep Learning
Approaches)
Image Segmentation Aian1sszysmunisuazduuningnislunin laedunisduwunly
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szau finwainfinealuwsassuwniaduinguiiala 35714lun15 Image Segmentation luganeou
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Uszion uwdlatlgnianududeunindstu Deep Learning Ssgmindnanusegndld End-to-end &s
%mmaaﬁﬂﬁtﬁmmiL%uﬁwﬁgumumiﬁﬁ Feature Extraction lWanunsaisgus uagusuan
parameter msf[,mﬁ'aiﬁwaé’wﬁmﬁiauﬁﬁ'qm Taeialuud 2 lus1u Image Sesmentation Geuld
wuUsaeesal
1.1 U-net

U-net +Ju Tassineuszamiisnuuunouligdu (Convolutional Neural Network)
yidand ¢ § u'ngaldlusiuuszian Biomedical Image Segmentation 4 1 nf nd ulny Olaf
Ronneberger wagauy ImUﬁLLmﬁmLﬁ@ﬂ%é’ﬂﬁ@ﬂ’]iﬁﬂ@mé’ﬂwmzﬁﬁ@wé’ﬂwmaizé’mmmm
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aulaneglunmld Tnefidiaunsasnwauasidearesnnlalaenisly skip connection Tusedu
ANNBELREALALIM Wanani U-net fulllassasnauuunsuligtuiavan vilinsuseuianaanunse
o % 1 & a 2
Mlpoen95InL519nme

U-Net gngninluldlunisnisunmg wwu amaieildy X-Ray #3an1mainndes
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Jansiad Jadnegluusunidy  3ndudesdonlduuuaasduniinnududounindu wazidy
WUUTNReNIANNI A Ingaula
1.2 Mask Region-based Convolutional Neural Network (Mask R-CNN)
Mask R-CNN 10 ULUUT180989UsEn0Un1e 3 73U taun d7uwsnlglunisuinusi

'
aa v

duwdeuniiingaulaey (bounding box) kuuAs1IY Gasnazyiuglssianvesingilaainiiuily
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druusn wazdrugaingazmiineaniiuing 9 Mask R-CNN gnimu11191n Faster R-CNN lag
Kaiming He wazAn faniswamndiuusnvesuuinaediiduwuudtaesdosiiannsogn train I
Javl Mask R-CNN Huszansnmlunisyin sesmentation f1ganin Faster R-CNN InefianaUnenssy

ANUNNT 1

i 1: @aaninenssy Mask Region-based Convolutional Neural Network

2. msmma%’aga (Data Augmentation)
msveeteyagaUszasdliloinuTinanazamumainratsveateyaliuuudiasdls
Seus Wiateanisnisiindlaymn Overfitting vasuuusians uonaniiddwmaliuuusiassiianay
LLﬁJuﬁﬂLﬁuqmmsﬁu (Pholberdee, Pathompatai, & Taeprasartsit, 2018) Imaﬁl’ﬂﬂﬂ’mma%%amw
(Image Augmentation) fivhs ﬂ’]iGZJEJ’]EJ‘i’JJEJ;JUaﬂWWﬁ’JEJﬂ’]SLUﬁIEJULLUa\‘imﬁ (Color Augmentation) W@
mﬁsusnasﬁauuamwﬁammammﬂaim (Geometric Transformation Augmentation) Lt WaANAIW §in
AN VU UAE LADUAMN

o/

nnUsEALAYaINITITY

1. Wead1auwuudiaes (Deep Learning Model) fid@1unsauwuadaganiniuaatia (Rice
Segmentation) nawitlaileaglu Controlled Environment
2. WOWAUILUUTIAINITTIHUNNINA89UTV1? (Rice Image Classification Model)
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1. UABUNITANEUIIUIY

1.1 nsiiiudaya (Data Collection)
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Uzd105 wagdadyiyduay 4 aeitug laun 919mne 4ane 9ifnduie Tafedugs asuain
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AugIdedunusl nsunsdn nssnsnnuaswazannsal lneiiisnis 2 Wlunsiudeya el

=

gadoyanalemenaedivsAnidetio 5 Ju S1wuguay 1,000 3U sy 5,000 §U
WenasAbrnmiiauazidengeanvasnsfnilietiousiaziu aesunioudaunavaiely (built-in

flash) 1A8LSUUEATINUUNTEATBAVIIVUIN 105x148 Hadwwns lulvddruidauriuiuy lnendos

aa v

Insénsifiefonaznsznuwdvisedsseevnaliiiu 50 wufwng wasyateyaiianermendendva

A¥VIoUNINANLAYY W30 NavdAledloals (Digital Single Lens Reflex camera: DSLR camera) ’iq'u

1%
a

Canon77D Laud Canon Lens EF-S 60mm F2.8 Macro USM g5 eaudadnuuiuiiusnaadiniby
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91w 500 3U deslifidrunudadndeuriuiy Auausres ITEnINNdoefdneasisiuiiy

Ao o

MugvddnRuliegh 40 wuRwns anuaiwawaay (flash) iasiviiulungy munni 2

(2n) (2%)
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AINN 2: G]'J@EJ']QEUﬂ']WQ']ﬂsq@ISUf’JHa'V]ﬂ']EJﬂ’JEJ (2n) ﬂaaﬂimiﬂwmmaﬂal’l’ag (29) NavY ALRALLDABDNT

1.2 n'lswﬁa&l“l’l'a;‘.lja (Data Preparation)
1.2.1 nsseynaaag (Data Annotation)
Tudupeuiidunislisineuiignies (Ground Truth) iiewdiu Training Data 14
wuudians (Model) linn1s33dienisvi Mask Tnsudnadidumdndnagssunedodung Ui
Huwdsyazsruiedediden nefufegduldmuualilddeselunnguifieldlunsmouasse

dnlusuian duusnudu 9 Nduiiundsasssuigmeiihtuasieidduning 3
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(3n) (3%)

AN 3: f29819 (3n) AAuatULay (39) Mask

1.2.2 Mmsvenedaya (Data Augmentation)
= ' 1Y 1% v e A o & a =
Weasnnameiemendeddnsdniidededainuvainnatevisluisednudnn

& v & Y] Y] v = o & A Y v a . ~
VUINVDNLUAAUTT WU LLamiﬂQia‘U“UN QQQWLUUWQSW@QI%W]@UFI Image Augmentatlon HIND

[
% e

asanunannuangluyeadeyadimiuiuuinasniswisdeyanmuand lunuideiliivedenld
wAfA Image Augmentation s1aun 5 33 aunmd 4
1.2.2.1 msvenedayanienisulasauas (Exposure)
N3ve1etoyaniun1sulatAIkarIeIT N1 wlatAdINsyuLd RGB
Husruud HSV 9ntudsuntas channel Value fensduiiuaiasiisening -30 fs 30 nihe
1.2.2.2 msﬁuenaﬁagaﬁqamswﬁauﬁﬁwé’a (Background Color)
n1sve1edayadienindsudfiundsdieisnng nsduiiueia
589113 50 4 50 92 Tushs 3 channels Y3s¥UUE RGB
1.2.2.3 msﬁuenaﬁagaﬁqamswﬁaumwﬁwﬁa (Implicit Semantic)
nsveneteyafoniauAsun mitundaieisng thamiuiadug an
Wasuuugnmn (Weighted Average) Tnglidminfiuvdslmhdu 0.8
1.2.2.4 M3vg1edayanIenIsanvUIAIW (Scaling)
N15U81870Y AN IUNITAAVUIANINAIETTNITHUAATUIANTNA Y
PMIIEINTENING 0 89 0.3
1.2.2.5 nM3venedayadaenisianin (Cropping)

n1svereteyarmeisnsianimiieliingluamivuialugTu we

o Y] Y v Yy & v aAa I3
‘Via\‘i"ﬂqﬂfﬂﬁ@]@lLLa'J"USG]ENVL@ILNa@GUTJV]LG]@JLZJ@@
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Exposure

Implicit Semantic Scaling Cropping

AW 4: F29E19NMUAAT 1AV Augmentation WUUANSY

1.2.3 nMsUSuvuIadaya (Resizing Image)
\18991NUUUTIA0INITIT8USLT9AN (Deep Learning Model) Usinnnis

WU SWEAN WP AN (Image Segmentation) AMWT T UT 3eApaT WAL LA RI8AINIIN

Wnsdwiflofiefisaus¥ninan wazguidmhewnndeiu dwalivuinnmiivwialivindu 39310

o 1

Mgdeslsusulvegluwuiss uazlvun 512 x 512 finwa lnenisuurunnnnlagadedisdndiu

(Scaling) Tiilvuafiusulasunisvesrundinvun wavliuiuifnimdonleds auani 5

AN 5: A298190 N HAINUSUIUN
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2. NM33EU3YaILUUTIARY (Model Training)

¥
v A

Tuauideily

2N

Feelsvinnanmaeddagld 2 uuudraes leun U-Net wag Mask R-CNN 1l
wilouazimungaunnsesvesnismaass tauusgadeyasenidu training set uag test set Tu
§937d7u 90 : 10 wuugu il training set Tunns train model uag test set dnFuszidunalite
THhdenuuudassiifiussansnmifian lneveaeunisiBousidednuu Google Colab 715 GPU Ju T4
& P100 Lagau1aniienudn 25G8
2.1 U-Net
Susufideideniaudenuudians U-Net 7iil 6 layers lunisvanosnifidelald
yadoyanmanndesnsiwidefosiamnsiuam 5,000 nm Tnefmualif batch size = 1 epoch =
20 learning rate = 0.0001 &g loss = ‘categorical crossentropy’
2.1.1 Vanilla U-Net
a¥1auuusaes U-net 713 6 layers Tnesinnly training set sanun 4,500 nw
LAy test set WaVILA 500 A
2.1.2 U-Net with Augmentation
Aidedenldiznisvenedeyanin 3 35 laun nsvenedeyanignisulasAiua
(Exposure Augmentation) mi%’la“ﬁ@ﬂﬂaﬁwmﬂﬂﬁlSuﬁﬁUMﬁﬂ (Background Color Augmentation)
wazmsvenedeyaden1sUasunwitunda (mplicit Semantic Augmentation) Ingsvgnedeyann
Huduauvilai
2.2 Mask R-CNN
Mask R-CNN llasea313 (Architecture) fifluunalajuasfisiuan parameter 1nn 3
Fodlddeyadiuruumemaii eliuuudiassanisadld §3deddimadannsarelouninng
(Transfer Learning) fiu Mask R-CNN Vigﬂ pretrained Uu coco dataset e?iﬂ%mmmam%mu%%a
fldlumsadrauuusiassadluldunn Tumsasauuusiaesiidentd backbone lu Mask R-CNN i
1A9A319UU ResNet101 Annunlyt batch size = 1 epoch = 20 uag learning rate = 0.0002 d1913U
5 epochs u3n wag 0.0001 113U epoch 7 6-20
2.2.1 Vanilla Mask R-CNN
aSauuuiaedlagliyadeyanmainndednsdnidenodnuiuy 500 Am
2.2.2 Mask R-CNN with augmentation
N1598187 01 ANTNAIBNATANITANTUIANIN (Scaling) LagNITAAAIN
(Cropping) I@Hﬁﬂﬂ?i%ﬂﬂﬂ%@ﬂuaﬂﬂwﬁgﬂ 2 wallalusnsndiusin ¢ fu %wzﬁﬂﬁﬁ%’agaﬁwm 1,000

NN
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2.2.3 Mask R-CNN with augmentation and adding DSLR dataset
Tunsnaansnsad Fensieanissnunlssdns nmlunissiuunivioyves
wuusiaes wazdeansiuuudiassanunsavihauldasumdadaluvuiafiuand 1efuls 3elaadia
training set 9NN 4 NN UsenaumenInaInndes DSLR §1uau 400 A1, MMwaInnaes DSLR i

H1UN1TYE18T0LANTIN UL 100 AN, AMNAINNADINIANNTBRD 71U 400 AN WAZAINIIN

a Y

ndoslnsdwvidedefiiunisvensteyanmiuds S1uau 100 nw efiunisrsdnaduveanmiil
wisegylulvdorauauly
3. nUsgiunauuIass (Model Evaluation)
Tun1sUszaduna Image Segmentation Model 93835 n15Use i unadi uans1991n
Classification Model 721U 1ilasannifiu pixel-level classification Jafleuldivey 3 sUuuy el
Precision and Recall f1 Precision 9U8n3197n7 wuuT1ae9 (Model) ¥unefinany
gniionluminlng du Recall 9¥uen3191n Ground Truth Pixel HeuawuUsIaes (Model) aunse

Muglawinlug euulaannaunisy (1) wag (2) auansu

Precision = L (1)
TP + FP

rp ©)
Recall = TP+—F1V

Intersection over Union (IoU) %58 the Jaccard Index 3gkansdnsIadIuTenInNgdIuL
pixel khuuT1aee (Model) vwegndesindumdndifieuiudiuig Predicted Pixel dunaidniu
Ground Truth Pixel Pixel Awialavnaunisi (3) lngdl A fAod1uiu Predicted Pixel uaz B Ag

Ground Truth Pixel

=~
)
o]

loU = &

N
Cc
o

NaN1593uazaNUII8Na

1. U-Net
MsadauuUTiaes Vanilla U-net Tinadnsfinsnsil 1 wuudiassanmnsassysiumis
yoaidnd 1l fiAn Precision 99.62% Recall 99.33% wag loU ¥9s917887 96.95% usiszysinummia
vounsugyldluftnluuisnin Saden Iousuaqm%'aqgagjﬁ 87.82% wenaniiothuuusassly
naaauiunwluanNLINEDNTILANA1$9IN training data Lty JANundaiilalladvn Tidnsauay
LA WagsrerTEninendestuwdndny dunnd 6 wuiuuusiassdaaunndesie liaunsoviaudy

v
1 U Va o =®

a a L. val Y] A Y] a
ﬂ']Wiu‘Ui‘UVWlm’Nl‘U‘UWﬂ training data lﬂﬂll']ﬂ‘L!ﬂ I@IEJLQW']%ﬂ']WV]ﬂJWU‘VI JANAUNING Q']@UEJGNLa@ﬂ

518




The 11 National and the 5™ International PIM Conference
July 16, 2021

¥
=

Mg toyanIndiiAI generalize ituluudaes Wa i@ uNTasassuNMPuALaT Y

LY &

NAINMAINMANY LANAI9RIN training set Iagluudnass U-Net with Augmentation lAKNAaNE

Va v = o

A13991 1 rulgannsvenedeyasnienisulasanaswaziUisuiunasiulinadwsnavu §3dede
N15Y8I8URYATY 2 wuutusnswiy WeiawwuuIaesnimsdsuwlaiuasasiungs U-Net
(mixed) @11150v9ulafluuSunfinuly training set waAgely generalize Wnwafiazauisa

P ldlguasala

A15197 1 WASNNLUUTIane U-Net

Model Precision Recall Rice loU Coin loU
Vanilla U-net 99.62 99.33 96.95 87.82
U-Net (exposure) 99.90 99.61 96.40 95.19
U-Net (background color) 97.67 97.37 51.13 41.09
U-Net (implicit semantic) 99.29 99.00 95.98 61.97
U-Net (mixed) 99.79 99.49 96.44 89.29

Original

Vanilla U-Net

U-Net

(Exposure)

U-Net

(Background
Color)

U-Net

(Implicit

Semantic)

U-Net

(Mixed)

AN 6: H9819NAGNSALANLUUI1aD9 U-net
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2. Mask R-CNN

NS 1UUIIaedlaNan 13l 2 HulaILUUTIaesE NN T ST UM URILANTT)
laag1ausiugn dANUNUNIUABLAILATNUNEINNAINNATY WAIINAINT 6 NUTILUUTIABIE ]

Tounnsee lnguszn1susnie wnwaadafivuinluy nisidnatunnaneainaiwlu training set 1

11N LUUIIEe9ITITYMUMLITaLdadIRana1n wazUsznisiiaesfie wuudraeuindilainingdu

q

ya o o

o Y 1Y) 2 v ) a o = A v %

AdvwalndiAgsiuiudandrndutny §37e3aimun Mask R-CNN 9015981809480 1R8N 1580
. (4 . = 4 (J Ty a [ a 4

YUINNIN (Scaling) wazn15HnAIN (Cropping) L olvikuudiasslidnduingiidudiainvuin

MAIINNTRAUIRUUTIRBY Mask R-CNN with Augmentation wurausawndayvnluusenisusn

Ietetned udemsnutgmluusznsiiass uagsinAntuduingiieguuitundsdv vieingileguy

fuiaiseu Feoradululdin Tu training set lwdnd1agninseg uuiuiaissusazidudvin

a o

wuuiaesdadinnudilaininglag Neguuiunasdvnvienuianiseudnduwdadn §3ded@sne

v A a

dataset tiinannwdidedendes DSLR fundadufiitu uasdingduiifivualndifessumde
F1ieglunmme

lun1sas19uuuTIaes Mask R-CNN with augmentation and adding DSLR dataset
wadnsiduiitinfanelaiien Precision 99.23% Recall 93.65% loU ¥84%12 91.77% waz loU v84
WieRy 97.08% fams1edl 2 usidlothiSsuliisufunuudtassieunth wuin e Recall fivoudign

1 = = &

windiA Precision unniign Jadululdinsiiunminundsiinnuvainvalsdu wuuinasdanunse
= PEY < v yaa = o & v o v Y 2 v %

Souidnvurvenudadmldatedu wilvvusfeduiudiedendatuisdadnionatann
Fuauliunuuudans gavieidotuvuiasslunaaeuluan mandousiag wul1 wuudiasd
ANUNTONUFIBLAT TUNST WURD UazszagnsanenmAuandaiulaeened fasnini 7 dealianuise

THauluuSuniviannuane LHgawamnonIshtIIUas
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Original

Vanilla
Mask
R-CNN

Mask
R-CNN
with

augment

Mask
R-CNN
(augment
and DSLR
dataset)

AW 7: nadnsTildanuuusaas Vanilla Mask R-CNN, Mask R-CNN with augmentation wa

Mask R-CNN with augmentation and adding DSLR dataset

A15199 2: LUASNERINUUUIIADS Mask R-CNN

Model Precision Recall Rice loU Coin loU
Vanilla Mask R-CNN 98.78 94.51 91.11 95.03
Mask R-CNN (augmentation) 99.07 9391 91.02 95.62

Mask R-CNN (augmentation & adding

99.23 93.65 91.77 97.08
DSLR dataset)

521



The 11 National and the 5™ International PIM Conference
July 16, 2021

GEL

va o

IINNITNYIBINAFLUUTIAINTHUITBYANMUNAAT 1AM ST ousITEn JITeidentd
LUUT1aee Mask R-CNN #a8n15¥i Augmentation wuu Cropping wag Scaling fenmiuindian
ndadlnsdnsifiede uagndas DSLR Tu Controlled Environment @il Precision 99.23% Recall
93.65% loUr09112 91.77% wagloUrasiviery 97.08% wuudraesiiannsaviadnd1nluguniwld
oghaiusravsam luuduniivannmans

91nA15AnEIarNAasInuIlud U Image Seementation U-Net vJunuudiaesi
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ABSTRACT

This research has objectives 1) to develop a community website that collects E-sport
competition information 2) to study the quality of E-sports tournament management on

developed E-sports information center website 3) to study satisfaction towards the developed

524



The 11 National and the 5™ International PIM Conference
July 16, 2021

E-sport community website from 42 research selected samples who were E-sport, E-sport
competitors, E-sport team managers, and general gamers and E-sport players. Tools used in
this research were a community E-sport website which was developed with responsive
technique in order to be able to response to every communication device and a satisfaction
questionnaire towards the website.

Research result found that general quality of tournament management of the community
E-sport website had average value of 4.42 which was in high level and the user satisfaction
evaluation towards the website’ s information had average value of 4.49 (SD=0.63), towards
the design had average value of 4.54 (SD=0.64), and towards effectiveness of application had
average value of 4.54 (SD=0.64) were all in high level which affected the overall satisfaction

towards the website in high level with an average value of 4.52 (SD=0.64).
Keywords: Web Development, E-sport, Responsive
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ABSTRACT

This research objectives are 1) to develop a bilingual web application for a laundry
business 2) to study the quality of laundry service through web application 3) to study
a satisfaction towards the developed laundry business web application. This web application
can support online laundry service, check laundry prices, track status of laundry process, and
reserve a queue in advance. The tools used in this research include the web application for
laundry business using responsive technique to be able to support all different communication

device platforms and the satisfaction survey on the web application.
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The research results found that general quality of laundry online service on the web
application had average value of 4.70 which was in highest level. The user satisfactions from
30 research selected samples evaluation included the web application information, design,
and effectiveness of web application. All these satisfactions had the highest level resulting in
the overall satisfaction towards the web application in highest level with an average value of

4.65 (SD=0.56).
Keywords: Web Application, Laundry Business, Responsive
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ABSTRACT

This purpose of this research is to reduce the inventory holding cost in the
automotive seat company. Some of maintenance spare parts was storage more than
necessary, resulting in high inventory holding costs and some maintenance spare parts are

not stored enough to meet the demand, resulting in a shortage when needed.
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This research applied the ABC analysis to classify the maintenance spare parts by
inventory value. By determine the period of time to review maintenance parts for each
group. The classification of 494 maintenance spare parts; group A had 57 items valued at
69.8%, group B had 123 items, valued at 20.2%, and group C had 314 items valued at 10.0%.
To make inventory control more efficient therefore set the safety stock, re-order point and
the maximum - minimum level of stock for each group. The result of using the proposed
method shows that the inventory holding cost of maintenance spare parts is reduced from

15,851,331 baht to 8,239,090 baht or a decrease of 7,612,241 baht.
Keywords: Safety Stock, ABC Analysis, Re-Order Point, Min-Max Stock
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ABSTRACT

Reinforcement learning (RL) is one of the learning algorithms of artificial intelligence
which is popularly utilized for unlabeled data applications such as automated driving, medical

assistance and etc. Instead of learning the predicted model according to the prior information,
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RL learns the model according to a sequential decision according to the considered
environment in a trial-and-error strategy. OpenAl Gym is a tool of several artificial intelligence
algorithms. In this paper, we present a comprehensive study of RL learning tools in a highway
environment. Learning procedures are described comprehensively with the setting of the
environment and learning parameters. Moreover, the utilization of the learning tools with

other applications are discussed.
Keywords: Reinforcement Learning, Artificial Intelligence, OpenAl Gym
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ansnthenuiildanuuudasdusesenfunmsaiassuuiusadalui@ldlueunan naildazyinli

AnenadnlalumsBeuiisnsaiessuumenisiseusiuuasumasla

NUNIUITIUNIIA

MaFeusiuuLEsuings (Reinforcement Learning: RL) (Sutton & Barto, 2020) udnueue
YDINIFEURUUNYEERIUNNTARIRAaRgniutInsuAY Megukuunslirazuuuduuinderila
gnded waziluaudievinn suldnavesnsassinassgnluldlunsimunguiuuresrnauiignes
wasnzauluszezgiuaa g NSty wasleinanmnisaliudn Aanusadimussaunisel

v o = = T a v & & a ¢ v
wilglaegnamangay wlivisionafianiunisalldwiliowdulaudfasidunsiiuauszaunisaidnly

1508 9

— Agent —

— Environment —_—

Sk+1

A 12 WHURININMTNUTRSILIULazanLIndanluN SIS BUSLUUIES AN

(%
a o Y [

nsssuskuuEsuAaslunsljiRtudedilawufananlunisiaunssuunsieuLuy

& o

iEsumas Ineiileandunaesidnuazidnlansll dunu (Agent), namauuny (Rewards), ANINLINRDY
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(Environment), @a1ug (State), AHeATY (Value function) waguluuie (Policy)
Lwﬂﬁﬂﬁugmmaqmil,%fsmilwuLﬂ%uﬁﬁé’aﬁ?umé‘fsmiﬁmummzmumsﬁmﬁu%Lmeﬁﬂaw
(Markov decision process :MDP) (Sutton & Barto, 2020) L“’fJuﬂiauﬁLﬂumqmsﬁm%’umiﬁaui
wuulesumads Miteesuisanmuandenfidanaldegsanysaidwadwd iduuuuguuisdiuuay
vndutuel funsnsgyivesiaunundedisruadnaula Tunmsssydamiiidduanimundon
dielldmmeuiiamnzanld Tnenmautfvesninenduldinaniamauiffidheddidatulusses

=3

gradunamnanmsiituaauedagiu Sudumuiiesduresaaiuzdaly s an k + 1 awnse

wanslpsidoulugndne a nan K el
Prisips1 = SlIsk = s} =Pr{sigs1 =S|Skx = S,Sk41 =S, v, Sg = S} (1)

uazlilonTsissuiwuuasumdmlanmiinassfiaenadesiuauauivuuininanasisendy
v a s J Y I A a 1%
nsvunsaedulasuuinsaen lnedmualivasial k iWuanuesiiinananinuiadeon S uas

N13N52Y A waNl@suaNNIsNTEYi A Aigaue S A auylnd S Ferudrasduniialafe
P& = Pr{sp41 = s|sxy = s,ax} = a} (2)

r-:’lj a 1 1 < [l . ey a Y
gun1stlgnisendn anuuiaviluvesnsdsdniue (transition probabilities) 91 au tiandaguu

= v A | Yo =~ @ ! o [J Yo
AD S way Ay wavan1uzinlufe Sgyq dwalirinauwnu 73, Faduarainnssyin vinlian

A TanauLnudalUidu
Rgs = E{rilsy = s,ax = a, 541 = 57} (3)

ideoldnanouunuainaunisuda Aamsathlumnisiauiminzaunazusuugsliles
wanouLnudi Aluszerenald Snisdsdmaiacig q Adundsuldiunsdeusuvuaiuid
f7981949 U Monte Carlo (MO), Temporal Difference (TD), Q-Leaming, SARSA, Deep Q-Learning, Deep
Reinforcement Learning 4@ DDPG (Deep Deterministic Policy Gradient) 4 sanunsaurluusuldiiie
Waugane3viu Tuanmuwindenluuas 9 Tu OpenAl Gym g

Tuduiazna1ds OpenAl Gym dadugaiadosfedmiunisidoiioldlunisdnen
UyayrUseiugluguuuunmsiseusuumas Jasuded 2016 lnedulusaanddunaslusanves
OpenAl fild§unsatuayuredsiag Elon musk iteldiduiuleddauanunsoudstiunadniua

Y

Wiguiiuuseaninmuesdanesiulunisseuiuuuids a1eld OpenAl dsillasansnildnisiseus
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= A

wuuindaunld 1w Tasa1u OpenAl Five (Bemer et al,, 2019) Mldnsi3suduvuiasuidadsdn
aunsoaslygiusshvgaurilviiauny Dota2 usuiusyiuduiwedanls

OpenAl Gym ldinsas1s Environment Wlvdnwmunlaldaulasiinisiaulagladefua
sonulaeilsiwandonsing q feil

1. observation @ ffiuansdvaniuzves environment

2. reward fle Suusataiildainnsnsevieuntiil

done fa Aaruduassiiszyiiaaailun1ssidn environment

s W»

info fia Yayanldlunis debug
Fasaunsadlulinulaef a timestep azfin1sanaulaves agent Wieldeon action way

111Ul Environment Iagluaiaudald environment aziinnsAuaAInusIgasidens uuusaly

action

Agent Environment

observation, reward

Al 2 Agent-Environment Loop

fiun: https://gym.openai.com/docs/

OpenAl Gym ladin1sdanuiangves Environment Lilvdniamuiladiunldaiu lnguus

panvdu 7 Mu’mm{ f il Algorithms, Atari, Box2D, Classic control, MuJoCo, Robotics agToy

o

Text lngluudazniiamyiianuywmishiindauiaiunsausudanesiuvuwuudiassnilliiaonau

a v v o 1Y v saay v a A 19 & o v g v
anansaeuditlaanunsaiaunIulanadwsnala OpenAl Gym Hilesan1nwinaeuvindudmsuly
U Fgimundesesnwuy agent Wivhaudrfudumesienlydsiuiuiumsteuiuuuasuidaaly
leuazdane3viu ves OpenAl Gym nflduldegsdase muzdmsunsiauluealvduaz iy

¥ a ¥

an nwIndeunssEuFwuULEsuiEvle
fniaunladaneiiiuuianassuu OpenAl Gym 8n@a9gn9ity (Plasencia et al., 2019)
1¢ith OpenAl Gym wndunidhwaiasetislunsaeulitn@nvidilanisvinuie nmsseudiuy

L@Sumasiudanaifiu Deep reinforcement learning Tun15v91uvaessUUTIa U R UITY
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¥94 (Blakeman & Mareschal, 2020) leitingane3#iu Complementary Temporal Difference Learning
(CTDL) 571U DNN Wag Self-Organizing Map (SOM) snagoutUTautisuiusaeinukuu DON
VLA WWINGDY Cart-Pole WAz Continuous Mountain Car wansnail liluneusuduiidn usildna

[

SE8¥8NINAVUNILUU DON LHL

o

ngUsTaIAURINIsITY

1. Anw1n199aun1edy1useAvgueeguuuunisisous wuunas (Reinforcement
Learning)

2. a¥uesdmnuimaiutiyaussivslunuunsiFeuiuuudds Wedluusuldiuanin
wuudondu 9 14

3. annseaiegiuumsiseudiuuiadlauuiundiass OpenAl Gym la

W51 OpenAl Gym ULEATNLINABULUU Highway

OpenAl Gym 1y library niiswasawn python Mdurdedleiiasduiiewluiam vie
Wiguieudanesiiuvesnsiseusuuuiasuings dmsu version 0.18.0 atfuayunisvitanuuu Linux
uag OS X 74 Python 3.5 - 3.8 dmfuszuuufiinis Windows azanansaldlédiang algorithmic,
toy text, classic_control and Atari Ineannafinseuazldnudosdu Tnefitunoudil

1. amﬁ% package U84 gym ey highway

pip install gym
pip install highway-env
2. nsldeudesdu

#import package
import
import

#a¥9 environment
"highway-v0O"
#I]IﬁNHHI'{N environment
False
while not
# Your agent code here

’ ’ ’

AN 3 9SUNBNS3UN Y OpenAl Gym LUodAu
Highway tJuaninuangdeuiigniamnyuanuy OpenAl Gym Faduaninwindeufindouldeu
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s'ﬁqwfé’maammazmﬂiﬁﬁ’wﬁ%’mu Tnglafidaranmundeudoiunds uiisiansadiuuss
anuwandon iernuaudnvasidulituaninwndonld sy parameter fail
1. lanes count Ao I1UIULDINIATITIUANINLINADY
vehicles count A9 FIUIUTAUUOUY

'
[

vehicles_density A9 AINRUILULUDITANAYT

o

2
3
4. collision reward fio reward lasafivsduiinisvuiusafuduunouy
5. screen width Ao ANATIwRsIBLaAnIraiinialy px

6

. A = 1 1d
screen_height AB ANMNFIVDIIDLANIHANMUIBLTU pX

import
from import as
import

"highway-v0"
"lanes count": 3,
"vehicles density": 2,
"duration" 30,

"screen height" 150,
"screen width" 600

mode="rgb array"

AN 4 source code A88719NSUSULAIENINKLINA DL

V] 100 200 300 400 500

0 0

50 50

100 100
0 100 200 300 400 500 0 100 200 300 400 500

AN 5 NAGNSALANNNNSUSUBAIENINLINRDU ANUATNA 4
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nsasslaunalaglddanasiiu Double DQN UUEANWILIAABULUU Highway

n1sasslunalaelddana3viu Double DON vuan1WLInga 81 Highway Tun1snadau
Training a¥uusoeanidu 2 @9u A8 Training Network way Predicting Networkiﬂﬂi%ﬁﬂﬁ"ﬂé"ﬂ
tenserflow 2 lun15a319 Double DON lngldandnenssunisusvananauuuguuiy vuwnanwosy
CUDA #slgiondiunisuszuianaainnisnae Nvidia GeForce GTX 1060 Miaauszanay 14 §21us Tne

197U7U 3000 episode WAZHNITAPUAAIINTNLINSOUAININ 6

"offscreen rendering": True,
"observation"
"type": "GrayscaleObservation",
"weights" 0.9, 0.1, 0.57, # weights for R
"stack size": 4,
"observation shape" ,
14
"screen width" ,
"screen height" ,
"scaling": 5.75,
"lanes count":4,

P~ LA v ' Y i L.
AN 6 ANUTULAIYBIANINLINADN ﬂiﬁuﬂﬁ’i training

Tneidlofnfa OpenAl Gym LBLASENANTNLINABNLASILAD dNN1TaNAaBITaNa37il Double

DON (Paarvendhan, 2021) Iagauns0a5ungn1svinauUadnusdll

Initial variable

v
Yes
Yrdraumusman te SUFN observation 11 observation sy » _
W <4 ’ —Pp . = ~P U action 91N agent
episodes 27N environment agent
1 action T3
U episodes 4— train model < )
environment
Yes ¢
awian predicton @ UuAin reward

AN 7 95UNERINITYINIUYBE source code

571



The 11 National and the 5™ International PIM Conference ‘:&@é’
July 16,2021 “HrndE

Tagavanunsanaaes training A source code lalneiitunoudei

1. Clone Repository U84 github.com/perseus784/Vehicle Overtake Double DQON
2. A lbrary fisdudiaia

pip install tgdm numpy opencv-python tensorflow

[

3. l9Ads python run.py a3y Tngaunsaeduignisvinnulesiulan

def , , train frequency=2

for in range

#i A ulISNA®

#3u@1 observation 1386% 910 environment

while 1

#5u@1 Action 91N Agent

#%ﬂdﬁobservation nbﬂéqﬁ%aﬁnenvironment

’ ’ ’

[ 1
#nuan

#train model

if 10 0
if len
if
break
#1iwiin reward wasumaz Episodes
with
"Episodic Average Rewards",
data ,
step
"Epsilon", data , Step
, , "episodic reward.csv"
#oawian prediction
if 2 1
max ,
f 9 and 10 0

A 8 asurenITvinulasRuveslg run.py

dloswadauds a¢ld model file ﬁasﬂuiﬂaLG]EJ‘%../ﬁLes/training/modet_ﬁles \fier model
Ak un15 training U196 euran wazazld log MiAveyluguuuuuinana csv lulnaines
/files/training/my logs #iUsuaniia A1 loss Ao Afivsvennisviauvesiunadindiuseansam
Jiedla way reward Tuandliiufensuuuvedlunaluusas episode
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NaN15I8

1 log NilYeya loss 91U 57823 U kazdaya reward 91W3U 3,000 F1UU AN

13 training lAgUA@319nIIN 1BANUEZAINIUAITIATIEARAAINING 9 wagn Tl 10

loss

0.14 4
0.12 A
0.10
0.08 4
0.06 -
0.04 -

0.02 4

T

0 10000 20000

AN 9 N3MLENS Loss NLA9INAIT training

rewards

0.9 4

0.8 +

0.7 1

0.6 1

0.5 1

0.4 T T T T
0 1000 2000 3000

A 10 n5uEns reward 7l@a1nn1g training
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Fusraunsadnseiusednsamvedduiag lai1danaIfiu Double DON i douuy
an1muInaeY highway Wi Wevihulssegiiamis loss dd1anas 970 0.14 aww10g581i1e 0.00
~ 0.02 Fauansbiiuinlunadinisvinnuiliianain uwasld reward aglugag 0.5 - 1.0 lagliny

reward MU -1 Feanunsoazuledn lumaiienuansalunisdndulals 100% taglifanain

Gl

9

nuan1siTelauansliiiuissed@nsnmvesdane3iiu Double DON Tun1syheuuy
anmuandey Highway fiiinssaranmuindeunudnedu ledsuendeauansalunisdadule
v0e8ane3fiule 100% tnglyufinnsRionain uwidsll reward Aliiafiesin Fudusregransldonui
fgailadiniseusuuuaiumdsanansadegenasnauidamsuiaunuiulyyuseivg i
annsoiinaianslidoaussivsluianmaluladuaydsauld uaziiuiisians Openal Gym #if
NSTNNULAZNARDI AN INUIAG BULUY highway LanalilAudan13viau nsnlday wagns

wansua anunsavibiiaaunsilusesenla
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STUDY ON ZERO EMISSION ELECTRIC VEHICLE PROTOTYPE FOR TRANSPORTATION

= a

590 NWANSTY

9
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L4
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UNANED
grugud i1 %39 Electric Vehicle iWudnniadennilanaziinuseans nnluszuuvuds

(%

Tnataniznisanlods annisismnindulaegradiuladn uwddumauniddyngalunisldsasud
il Ao Msagldsnsudlniihegnslsliinusednsninaan
n1svaaesiidunisiivdeyadnsinisldndsauvesssuutund eusasudlninduwuy
FIRALUAINIDINTONTZULAA AL UA B USEUUTULAA BUANLAS Bs8URd U UNeTY (ICE: Internal
Combustion Engine) siusawmasini (Electric Motor) Inefisasinisidnasanunlaainnismaass
2z UNRILUI AU LU U TUNITAT UIUE M1 AUUADIR B LUUINRDINALIAAIEANS TIN1TDONLUU
T1899UT2NOUNITAIUIULATAINITITADIAN 9 21NNITATIVADUAIYBILUUIIABINUI @105
91899n115%19ULA NAAEIAUKNANS DU
91NN15NAFUNITES08UANAINUINANTuATIE vinlrlans1uD99ns1N158 U UADIUDI5 DI UANAI9UY
W1 11991nn15NeEaUIe (Test Drive) a1nn1svaaaulunisidaiuass delavinnisifiualegaziden
Ma1nn1sian1sauldesnnnszualiinily sulufnmsiiuteyamindud yansevdudreseu
a 2 a a P A a £ v a 9 Y aa v
19 s2u3n1e anusuedslagaziden sauluisdamnifedulunisldnuass ndeunaisuidemn
& o A o v A a & aw P ) L - Y]
oy iethdeayawmaiiundnses wagainmsideasulaimadnsnisduuiomaanu saluin

AULUU Usendandn 48.77% saudedausendnrnungesnwsiatiia 72.10%

AdAgy: soeudliin Aukuy Yuds Snduldes

ABSTRACT

Electric vehicle (EV) is the efficient choice for reducing emissions and fossil fuel
dependence in transport systems. One of the most concerned questions about EV is how to

optimize the use of it.
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In this experiment, energy consumption data is collected from EV prototype.
EV prototype is modified from diesel pickup truck by replacing the internal combustion engine
(ICE: Internal Combustion Engine) into electric motor. The experimental consumption data
will be used to improve the accuracy of consumption calculation with mathematical models.
The simulation model and parameters from the experiment perform the result close to the
actual test one.

From this experiment, we obtained consumption data from both testing run (Test
Drive) and usage in real situations. Not only the electricity usage, but also goods weight,
dropping points per round, distance, and average speed data are collected. Moreover, we also
collected the usage problems that happened in experiment, and offer basic solution for those
problems. Analysis of these experimental data will be beneficial to EV usage that will be

significantly widespread in the near future.

Keywords: Electric Vehicle (EV), Prototype, Internal Combustion Engine (ICE), Consumption, Test

Drive

UNi

sovuddudrunisvesszuvrudaiuiugudadudiudAgsonisimunasegiavesuszime
| I ) & v ¢ ‘:1' I3 Y o § v =

sgnlsimuszuvvudslulsswalusasdaruninldsnsudszuuinsosoudin g viliaesian
& a U A o o oS v o v & ) A O v & v i =
WorndsnanAoududassianinisinndudiulug dnvsdadudun evesnisuassuaniizduiu
aLunranYeINIsiinan e ounszanlaanzluliemaianinisasnasuesa (Tamsanya, 2009)
a & ) [y v 1 Y =3 I <@ PN
anvan1sagvunllvesdulusuiandulnduasnisanielansoululagtu Anuauladanadsnd
NINAILNTEUUILEINSsEL andgmianiizlaniou wagann1sieniunsiu (IEA, 2010)

ludagduiimalulagvainvarefanuisadigussimaminenand nidumalulagnlasu
Aanuaulailuegaunnde sasudlin (Electric Vehicles: EV) fsanunsanaulandlaisnunislaau
aAa a a v o ™ i = 2 a
dusEANS AW annslduniu wazlitinsUasslodelneduds

sogudlin wie BV [Wudnmadenuilsiaziulsydns mulussuvrudslnaanizmsanlode

= ’6’ Y 1% ' <@ Y v Y 3 [ 1
ann1siamundiulaegraniuladn niswawisasudlnihlasuauaulasinniniasgwazienyudu
aenuN Favdislumaunddgantunisiausosudlii fie nsimusaeudlinegelsTviin

UsgdEndnmgegn (Chi-Sheng Tsai, 2010)

577




) (]
The 11 National and the 5™ International PIM Conference %@&
g

July 16,2021 ‘Sl

AW 1: sanssuzlninduwuudslivassuan1izuunednuu (Zero Emission)

av & = [y e A I3 [ < [ = a =

NUITBtazAnwidnsnsaudessssasudnasauliindundn laefnvudseuiiioy
UsgAnsnmsausliirdunuulunmd 1 funsideuaseduanimuindaunig o weiduuuinidu
nMsusulsesneudlinlianysalunngsdu Taeaauivhnsveasduasinudeyaasdu dumaduse
PNAUGNIELFUAT YeaUTEM T eead 910 (uyww) ludsiuasaindadie 9 wenandeya
mandsnuluguuuulniug deyadu 9 wu mnudr, seeniy, dmindud, yanseddud, Jym
MAnTuszrmimsldnuaggninuauglumelussninansveaes

= & <) }2 1 2 = 1 |

Fadwanensveassaziunnusnlunstiswidyivaii Inenisseyiideiugiuigy
nMsinnazAIUATAUUABwesasud i saulufsnmisunletaynudessulunisldausasus
Irduwuy Fetayaaintasenisienvasyreurlugnsldsasunlairlussuvaudsoyied

UszAnSnnuazanuan1ielussuurudeg1edsiiu

NUNIUITIUNTIIAU

¥ <

lunuidediimsiiuteyad lananudisduainnisnaassldnusanssuslniiduuuy
1NNIIMTBYANBATIWUUTIADIVBINITNARBIUATNITIATIZVVBYAAUTIAUL AN 9] VBITOLUA

Iniduwuy §Ideladnwienaisuazauidemneidededulng asmlaanteyalusiielszina

Ao o

(Kempton, 2000) 1y lutszmaduuazUssmaluglsy Lﬁaﬁmiwﬁm%aﬂaﬁugm dayloun
mstanardundnmauydemossnsudlitlneiiussdudeoluil
Uszifvaamalulageuwinuzlni
Tul a.a. 1834 Iéfimatauneusudliihtulneliuunneivgugd wummeiuuulsiaun
Useqlwlualls) ndsanidu Tudrsmnissud 19 Tdlinmsnanuumneiuuuussqlilmildogiunsvans
Fedamalierupudlafinduidond siu TastulfiSususuddiuyanauassouiindid s udu

AN 20 uesudliihdiadesnlunstuiedeugs dedenistdeu Tuvasieusudduniy
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meludddnuldazmnin WewndedduselunsBumsinursaaiowus duedeeudsy 9 wu
Lﬂ%‘la\‘lﬁlﬂﬂaﬁ’lgﬂéljaﬂﬂ’lim'i’i;mm pasmauUszAvE AMwlunshauveses e Tl A 1920 3n1s
Tnususudlnihunsvaisdatu oglusUresszuurudasisnzuazndsasin o

atislsfnny w3essusdununeluiinsiauiegdeiios (a.a. 1911) Fwhlderusus
Fumuneluldguauavlaunndu venaniauldiuieuludiusesdmdsnusinies sademas
mFsnuiivaesesnutluni whetminvesuna smdsaw) sgradiuldde Wesnidomawes
A3 oseuddununeludamdanusinizyseann 9000 Whike wianusudazdussansainnig
Frauites 20% wazshlrndsnusunzmvaesiios 1800 Whike luvasiinunmes Lead-acid th
findausimsiiies 30 Wh/ke dedamdsnuludaamasiniindaiuszansam 90% Fwilnnde
AMEsSIInsites 27 Whke Wity dawalidodduunmeisuaunnlunislindenu nuneds
nshenusuideIumMnveLUALABI RINNTY ﬁaﬁ’;aehﬂugﬂﬁ 2 Fawansliiiudeaulalseu
Yodpinaweadaseuidunnslulasnisiisuiiousnsidiuvemdsnuiildaetmdniidos

995U D TULARD UL U UALUSZELNI 50 wag 500 Alatuns
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Vehicle with a range of about 50 km

Engine and gearbox with an
efficiency of 20%

Shaft energy obtained

Tank containing 4 kg s 7200 Wh

(4.5 litres) of fuel with
a calorific value of 36 000 Wh

Electric motor and drive system
with overall efficiency of 90%

Lead acid battery with
a mass of 270 kg, volume

135 litres, and energy 8100 Wh Shaft energy obtained

is 7200 Wh

Vehicle with a range of about 500 km

Engine and gearbox with an
efficiency of 20%

Tank containing 40 kg
(45 litres) of fuel with

- Shaft energy obtained
a calorific value of 360 000 Wh

o N
'&f"\l oS 72 000 Wh

Lead acid battery with a mass of 2700 kg,
volume 1350 litres, and
energy 81 000 Wh

Electric motor and drive system
with overall efficiency of 90%

Shaft energy obtained
is 72 000 Wh

AN 2: LARINISIUSUMEUNITINE NG UV DILUSLA DI WAL LN URINTU

JULARDULUSUALUSZEE 50 kay 500 Nlatuns

AU ATURALNSINUNAUVULAZBUTNENEIU NTENTHNGLU

wUUSIaewmeAdiadansneafusseiinssidaguwasuz v

NM3ANWILATASHAILNALSSO UL YRS UUTULAE susuesudliieiy winvilnenisadig
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naswesde (Rolling resistance force) WSIAIUNIUNITINATBID1AA (Aerodynamic drag force) w59
Adlunnstumsanndu (Hil climbing force) wazL3IaINAMILES (Acceleration force) fauandly
A 3 (Amrhein, 2005)

mgv Cyyp cos 0

AN 3: Free body diagram ¥895991n58yNAVE UL URA

¥ '
= =

AU NI5ENISTULAR BUVBITREURTIUNINUAT LAY U A DIDINEUUs (Total tractive

effort, Pye ) @snsauanslansaunis

1
P, = (mav) + (mgvsin 0) + ( mgvCrg cos ) + (E PairCpApv3)
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A15199 1: AINNSITLHBSNLY I UNITAILIULSINTZYINFDTOEUR
Crr Cp Ap (m?) Curb Weight (Kg)

0.014 0.9 0.6 140
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5197 2: Standard box dimension of THERMOTECH (e sunadsnaniaziduruinsneds

dwsuguasnndudiiu Jsdussnndusuisasiivuinnigluiiniinii)

THEROMTECH Internal Dimension (mm.) External Dimension (mm.)
Length  Width Height Length  Width Height Volume  Weight
Type/Model s
m Kes.
PK1 LO barn door 2110 1570 1265 2290 1750 1450 3.80 280
PK1-STD barn door 2110 1570 1465 2290 1750 1650 4.50 300
PK1 Hi barn door 2110 1570 1785 2290 1750 1970 5.90 380
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711974 (ESA, 2009)
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1AS9E5195018991NUN I UEILYINTEULNEIDDN TN1S9DNLUUIAMITLNDING WUALMBS Tl
ANuUaendy fIdulatiauna (Battery Pack) 11319 Inenildlatinisuusieniea (Battery Cell) 98
nfudsgUluidedaly (Matthias, 2006)

¥
a @

AnnsgunIaliszuusandsnuluih

Fumeumsrhaundsminnisesniuuiamiliiioruunned deldiludiuresnsrusnds
sudagiiusmnaudoonduiiFeuosuds fidelduntaume (Battery Pack) 1n21e Tneftlaildiinns
wsusniea (Battery Cell) sananifuifionuvasndy sufusSoufanifndaiingumnd ik

dusunmsAneniselusuing

= oA 1 3 % 1Y
AN 8: LL‘UC‘ILG]EJSV]'J’NEJQ‘U‘LWN?I?NWTHGUaﬂiﬂi\iﬁﬂﬂiguglﬁl\]ﬁ’muLL‘U‘U

Falimynaminsiuitenseangiminivigaunaqaaud e

N1509NBUUKASAANITSUUTULARDU

o Y &g v v PR v & a Y

dusunamosintinaaaulusasud MAAuLUU NUASIAS 1T USANTEUY LASDIUUANAN
% ‘NI

ﬁauamaﬂv\lﬁﬂ%qﬁﬁﬂaqqqu 100 kW 30 134 U591 vauiuseiy 220V usilngeandl 680

NeM USunmsgegaianunsaussynvedlafe 7.63 gnuianiiums

= a = = A I3 1Y) A %
A15197 3: S19aLBUAveAI BBUR TN Fanuiiad eeuarnlrdlu STUUTULAR DUYBITRBURA

Ttauluy
. WTYCDJ-50A-XL 50kw 220vac 1800RPM
Engine type DC Motor 100kw 4000RPM
Max Power 100KW
- Max Torque 680 n.M
Max Speed 100Km/h
Battery 125Ah 173V 21 .5kw 195kg And12V 60Ah
Battery Charger 32A/16A Charger *
Cruising radius No load and A/C off 230 Km @ 60 Km/h

fiun: King Long Kingo Operation Manual (EV)
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ABSTRACT

The objective of this paper is to design web GIS on platform of ArcGIS online for urban
tree in Nakhon Ratchasima City Municipality (NCM). Method of web ArcGIS designing includes
(1) requirement of 2 groups: group of office of NCM 4 officers (2 administrators and 2 workers)

and 160 NCM residents-based random sampling, (2) designing web ArcGIS and (3) designing
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assessment of web ArcGIS with questionnaires for experts and users. The results are found
that (1) The need for the GIS web site at administration level focuses on adding treatments
and tree tracking on the other hand, the operator level focuses on tree information such as
planning, determining the appropriate tree planting locations and types of trees etc.,
(2) designing web GIS is made by according to requirement of (1) that is presented in patterns
of work flow diagram, context diagram, data flow diagram and ER-Diagram, and (3) assessment
of this web ArcGIS focuses on the acceptance of technology-based questionnaires in 2 main

issues: contents and using web ArcGlIS.
Keywords: Web ArcGIS, Urban Tree, Geographical Information System
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ABSTRACT

The purpose of this research was to determine the optimal quantity of plastic
recycled pellets and to determine the appropriate usage in the nonwoven production by
applying the design and analysis of experiment. The general full factorial design

methodology of Minitab was chosen to find the most suitable factors in the production of
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plastic recycled pellets and optimal quantity used in the nonwoven process. This finding
cause proportion defective not exceeding 5% as determined by the company by using the
response optimizer technique to find the appropriate level of factors. The results showed
that the melting temperature of recycled polypropylene plastic pellets was used to
determine the optimum response factor of the variable. The optimum amount is 190
degrees Celsius and the amount of recycled pellets is used as an ingredient in the
production of nonwoven. In contrast the use of plastic recycled pellets from the original
average of 3.5% . It is worth using the active ingredient of polypropylene plastic produced

from 161,4307 baht per month.
Keywords: Design and Analysis of Experiment, Plastic Recycled Pellets, Nonwoven

unin

Y a

Uagtugsiaussinntlnsialiinisudatureudegevislu@esunn auamdua wazdunu

9 9

3

YDINAN N

a v o) [

lngusennsilAnwndugnaninledunsigriviesendndedn Nonwoven nGnaIe

weluladdugs Wnednleduasieildauisainluwdsglidundndusivssimeundodoud Taun

¥ o o <

wihnneudley deundedmiudvds drdeudmiuin drdeudmiudivg uazndndusiuszian

Y

n1sunngd lown wesessuunidluriesidn suuisussiannsldaulugaamnssy laun n1sndncn
U = A o s a s & v a o e = = v a
Aause frdafndmiununesiines Wudu vs¥nnsdnwluleuignazandunulunisngn ng
o a W  gan 1 = v a a o« A A a Y oAy Yoo A
nsdmdndaaliiunesgudduiunsudnsenin “vesdevseduaillaunsaviela” wu i
FIMITANAINNTEUIUMIHER Lk uRaN1TAFoUANUBAMUAYRIGNAT UIVINN1TILULARAIELAT O
a a v o < a o a J o v & | v a A a v
wandanarainaulaidudanaradinslada mnduilUldludiunanluingiuineanysuianisly
< = aa =% & U a U = = A aAw ' a

ianedlnsiiau (Polypropylene: PP) alluingiunan delilgyminnuanfedidounnsas uaziin
voudaiintulundnsugniinslddanarafindledadudiunan ieandenaradiniluda lean
NSUWARSUNNRERINNAERNINIUNSTUIUNTNANLToUlaenITVARNMaY karTugUlnaien

6 o

afs fwavilvanslefidulasiadavemeiiuefunnasniilinugnvediana waztminues
luanaanas (Sombatsompop & Woo, 1998) ot 5’11&"}LﬁmwmaaﬂﬁlmﬁamﬁugULﬁumémﬁmSﬁ
Tyl wanfasinanafnfildaedaudinnisnmanas feinsusensshiidermunietugumgii
Tnandlananainileda uazudununslddiananainileda Amnzanlunszuiuniuds s

wlevigusenivue dadiuvendsainnisnandedivsunalifiu 5% Jagiuuseniindndueii

a Y < a al a I 1 1 1 1 =~ o &
Nﬁmiﬂﬂi%LmﬂWﬂ’]ﬁﬁ]ﬂﬂ%Lﬂa LUUﬁ?UNﬁN@Q@S’NWBLUBQ@QU

605




The 11 National and the 5" International PIM Conference
July 16, 2021

1. wAndnet A ufh Nonwoven dam thwiin 80 n$w/msiauns Mifiananadindlefaly
Rs1dIUNaNTDYaY 1.5

2. wanf B 1ufh Nonwoven 8ifen dhwiin 70 ndwmsiawns Mdanarainluda
lugnsndrunansesay 1.5

3. wanfae C Wudhh Nonwoven 21de7 vaniin 80 nfa/msiauns Iidananainileda
Tusnsdiunausosas 1.5

4. wAnsa D Wi Nonwoven dv12 thwein 70 nd/msans MWidenanainslo@aly
Rs1dIUNaNSDYaY 1.5

31NN5ANYITBYANITNANTENINURBY NeAINEY 2562 Budlou dguiey 2563 wudymn
Founnsesivhliiinveadeanuandas Insaunsoesuisladn 3 suduusnvessiuiuresdy fe

Y & Y o [ PN
NUUUNG WU LaENen @QLLE@\TIL!JWWVI 1

nsdasuilSunainasiaunnsas
35000

30000 s

25000 — I 80

20000 L 60

Percent

15000+

Usmniunaidu

L 40
10000

5000 - A

0 ﬁ—l 0

anmurAIaIiaLNNSad ui‘u.f.l"uww :h':ﬁu nem
Count 24912 3897 2418
Percent 79.8 12.5 7.7

Cum % 79.8 92.3 100.0

£
=

AN 1: USUNUU89aNUAETDUNNT DI UFLTLNATUIUTINABU W.8. 2562 Dufau 9.8, 2563

a

99151910 M7 1 agiiuindaunnsasiiiinaindndunie daaudrdguiniiaa
auaiu fIdedadeniinzdnydymdeunniediiinandndunie lnesiusiudeyavesdediin
yndounnsesdiilunisunazndndoug Tudiafou wgrinieu 2562 Gufiow Jquiaw 2563 fakand

Tunwi 2

606



The 11 National and the 5" International PIM Conference
July 16, 2021

nnvldagruilSunatuasriaunwsas

25000 - —— L 100
SESas
//_
»
20000 e L 80
2 /
-
2 15000 | 60 E
g S
2 g
g 4
& 10000 - L 40
|
5000 - - 20
[
0 T T T r 0
HanAu A B C Other
Count 11346 7560 4883 1123
Percent 45.5 30.3 19.6 4.5
Cum % 45.5 75.9 95.5 100.0

d' a ¥ 1 ¥ I~ | a [ L
AN 2: USUIUVDIVDUANTDINTUN LA AL HARN N EUN

A 2 Wefiansanvsunavesdeiintulundazndnduet wuitdeunnieswes
wanfnai A fdndnvendogeiignie 45.5% lneg3deldi8n1sn1sesnuuunismnass (Design and
Analysis of Experiment: DOE) \ile@inwsiiadeiifinadonunmussinnaradiniloida uazmsydu
Yadoimuzanlunsnandanarafiniloia ilnansznusemsiadeunnsesdndunie ugahly

4' Y ! v & a a a dad
VY1YNA LW@ﬂqﬁmiqﬁ?‘UﬂqﬂmLuﬁwaqﬁ@ﬂilsﬁlﬁam@ﬂfjﬂ

NUNIUIFIUNTIA

Uselaty yulayeyn wazvdnn vgy3dns (2554) laAnwin1stugumessuuayyiniaAiiin

Tymauauiianuvuldaduate wuin Jadenidnsnadeanuvuivestuny lawn gamgiilunis

v v

inusou ssegnantunisliauiou sseznanlunmsguayinia ssegattunisiiandl wag

v I3 av aa
SLYLLIATIUNITIN AaNLTUIUITYN]

(Y]

b“:{l =1 > 2 ‘ﬂl o U g
nUszasRnazAnwIssaudadeiinunzan dmiun1stusy
warainyllalndlifianaslsaniainuvun 0.4 faduns {Idelaldinseanwuunisvaassdaunnme
IEALUY 2° (2 Factorial Design) 2R UAITULTONY 95% lauvnaanigties 1 A5 (single

replicate) 9MNKaN1IVARBY WU gaunniilunislianuseu 1900 C sveznantunisivianiuieu 34

)

= a = ¥ 1 a = v @ a a 1 1%
W SrevIananINIA 36 Ui Waudh 19 3uil wazlviaudu 9 Juni agdwmaliaununves

4

VNUAALNAUINA 7, 9 wag 13 F9 J anuvuiindwdu 0.13, 0.11 wag 0.14 1.3

=3

I51ga Junsanana uazams (2555) lWAnwinszurum s liAalavwaiadniiiinain
NSEUIUNMSNSREATISLERAT (Cast Polypropylene Film) liduwdiananafin Repel let sotnduun
HutngAvlunssuiunisude Tneaminszuiunsmssladadusismadanen faftuuasuden
iwsesinsiildimaluladuuuidndngduunsyism (Extrusion granulate) HAIINNSHAUINTEUIUNTS

3 IS

= a _a N a i a a a s 1 3 % wa
ﬂqiii%LﬂawaN%WWUiqﬂ{]'J']a']ll']iﬂmamWa']a@]ﬂ‘Uifj‘V]ﬁV]ﬂ'ﬁ'uJViu’]LLuu 0.86 g/cm PIUAUUR

607




The 11 National and the 5" International PIM Conference
July 16, 2021

Feuwhmanaindaiu san1mmaaesiwanainiirhunisilmdonaudanatafinuians (Pure resin)
ludnsdiunaniasay 10, 20, 30, 40, 50, 75 wazldwarai@nainnissloida 100% ludlaugid
(Homo polymer) finumu 17 luaseu HAINNINAdBUANENTUANING (Mechanical test) ¥89
wanfausififauuln wuhinaensisuaiuuduss (Tensile strength) Auinmsguresidud
Al 1ULLILAT099NS (Machine direction) §A111n37 5.0 Kef/mm? wazludiuniuviig

'
J [

(Traverse direction) fiA1u1nA1 3.0 Kgf/mm? Aanuudausesesda (Heat seal strength) daneg)

Y

1.28 Kgf/15mm an1uu10s§IuveIndniuannfediAiuinnda 1.0 Kef/15mm Naa1nn1simu

[ a

a1unsandningAuainniss teidads 964,175 Alansusel wazanaunuingAudiuiu 14,462,625
Uwidel uazannansenudcinden nmsUdaesiensuoulaoonlediiinainnisldwdsnuladi
waniananafnieiusan 1,949,562 winng 9a ilsuwinsUdesfnaideunsyanegluzuvesiinm
Arsueulneanlenlisuvin (Carbon dioxide equivalent) 126,532 Alandu (kg CO,e) MIULWUINIG
MaiAgREvnITILieANud iy

qisde dsmiing wasamy (2555) Anvimiilade wagseduilmunzadlunisnay uastugy
FununaasuvesTanidsusznauseninanednsefidufuseyniaulu Tnsussgndldimadanis
pONLUUNITNAALY Liolfunantidumumivomednsefau lun1maaessadailldensonna
uluniduasiiiunudadiunodnsefidusosisoyniauiluil 100: 0, 99.5: 0.5, 99:1, 98.5:1.5
uay 98:2 Fusuiilinaaeudivuinm1uu1nsgiu ASTM D 638 Type IV wag ASTM D 256 Tng
sankuUNInaasuluwuy General Factorial Usznausiy 3 Jadenan leun Usunaeiaeyniau
Tulngrimiind 0.5, 1, 1.5 wag 2 Woefidud arudaseulunisuaudl 40, 60 uas 80 seusiowil uas

AUNANUNNSHENT 180 way 200 BaANTALYEE FILUINDUAUBIADAINITANUNIUABLIIALALAINIT

9 U

£ |

FIUNIUADLTINTEUNA TIINIIANYINANTZNUNSNLATNANTENUTINUDITRTBES 9 NIzAUANLITDIY
95 % INHANITNARBALIATILINETANUTIT Yedeuagseaunmuiganlunisnauuasiugy
Fununegeuveiandausenausenitaneanseiiauiveteynaulufe ivsiaeeunIAully 1
- H o < = ] =~ a =~
Woasi@ualaguinin anusisevlumsuauil 40 sousauil aaumiilunisnay 180 ssmgaigua

ANNNSATUNIULIIAWNNU 52 MPa LAaZAINITAIUNIULTINTEWNNYVINAY 32.55 kJ/m2

14 1 aAaa

a = v o = a a o ) ' c{'
030 A3 (2559) lvimsfnwinssuiunisudndesefiidue susumnsalfny) wullaymi

[ v
a = <

daransenuson1sHANLINNgAIiNmun 2 anvaizhs Jymauauiseslndl wastiunulusesidivn

a v =) 3

Weddldndnnis aMIE Tuunanvnvesdymnidninaduvends ngldnannis 3G Awnsien

ey

(% (% (%
v 1

anvaaun wuhdyniialudivesiunsunisuiuseatadenisliannuieulunisundn 3alade
viaiuadl 4 Jadedie 1. gaumgiiluniseudianaadin 2. gamgiilunisisuvasudanaiadin 3. gangll
Tunsvaeudanaiadin 4. gaumgilunisd@anatafinmas lagldisn1seanuuunisnnaesuuiy

sULUU 2 526U (2X Full Factorial Design) tilafinwdnsnaniiniuveudsvesns 4 Jady a1ntiuly

608




The 11 National and the 5" International PIM Conference
July 16, 2021

(%
Y

#aNN13 Response Optimization tienseaudademmunzauigalunisuds antugidelavianis
naaedlagldlusunsu Minitab lunisdunisnaasuaginsigsina nuiiseauladenisnsnasiuiu
Ao 1. guugiilunisquidiananadinduaamgilunisisunasudanaiadin 2. saumgilunissunasy

a

diananafindugamgiluns@anatafinmad 3. samgdlunisvasudanarafiniugamgiilunisie

A A A

wanaRnmal wagnuhseaudadenmunsanlunisudndedeiid Avgamaiilunisudananadiniian

sgauilade 170 ssrwadea aungiitunissuvasudanaiainfiszauiade 180 semwadya

aamniilunisvaeudanaiasin

IUIZEIAVINIGIVY

1. wWeAnwtavendualunszuiunisuantnlodunsiz

A o a v A o a A a v o &
2. Wenmuuadsunamsitdlanaiainslaia Awunzanlunssuiunseaninledauasied

/AN

dosnmsrdninleduesgidinslidananainiluda fafugumndililunisvasuivan
dananafnaglaidulumudasmaveommaniu dslifinasgulufufiegumnd anmanuny
sunsIAeiuInd e Wudﬂqmmﬁmm%uﬁmaGiaﬂizmumisﬁugﬂwmaaﬂ fatiu Faparin

nsauauaamginldlunisvasumad Fedulededdydmadionssuiunisndnileduasizi

lnegdlanaassaseAuaamgiiUawiu fwm1sen 1

A13197 1 nsveaeAsEivamilivasumvadenatainslefa

a6y sumgiinlivasumadidawatainiluda (°C) dasmsinaade (n3u/10u1i)
1 190 29.1
2 200 30.6
3 210 33.3
4 220 35.6
5 230 38.6

U1 21NNTNARDIVDE IR

910915799 1 wudinsusugamngiinldvasumail 190 -200 ssrwaifed axvinlvlde

Y

[y a

NanaRnsleAanlAlA19MIINS A lNAREIAUNISNARYRIUSENNSUANYIAD 28 + 3 NTU/10UNT B9

< a [ 1 Y @ o [y} ] v} qd‘
Junesignilumsudn lngniseassiainanldidunilunisimunseiudianisuiugamaiinlyly

609




The 11 National and the 5" International PIM Conference
July 16, 2021

mMsvasumaIndmasetounnsasiiinndudune §ideldsiusudeyausinanisliddianaatin

a o

SluAasisudifoungainiou 2562 i Weuliquisy 2563 wulndnisldilanarafiniladaludns,

drunandosaz 1.5 Wemuualadeiivuivanlunisndandananainiluda §3deddddndnnis

General Full Factorial Design 91nlUsunsy Minitab Fap15197 2

dl o U U
A15197 20 vuaseaudadelunismaass

Uady szaulady
1. gaungifiliviaeumandanaradinilufa (°C) 190 200
2. Ysnaunsldidianana@inslaia (%) 0 1 2 3 4 5

d‘ o 1 Y} % Ql' = d! a
INAITNN 2 WEAAINITANAUAAISEAUUIIENILANY LR8@INITODDNLUULNUNIT I0N1S
71989997 2 AS9 2 LANMUA 24 N15NARBILAE lARINUAANAINULTBNUN 95%

1. MsAvuAsNYRgIY

1.1 aifgiudl 1 mavdussdgampiflivasumandananainilefa
Ho:fi=0 i=12..a
Hi:fiz0 sgley 1 dldwindu o
1.2 aunfgiud 2 msufuuiinunistédanaradnilefalunisndn
Ho:yj=0 j=12..3
Hi:yj»0 eguidos 1 daliwiiu 0
1.3 auuigiudl 3 mMsidiavinasinvesanisuiuagumaiildvasuman uazusunw
mslddn3leada
Ho:Byij=0
H1: Byij =0 stwtdes 1 dladwiniu o

NaN1533uazaNUSI8Na

1. M3wATzvidayanan1smaassnlelusunsy Minitab
1.1 MMIATIVFBIUANNYNABIVBIFULUUNTTMARBY (Model Adequacy Checking)

Eﬁumauﬁﬂumimwaaummmmzammgﬂwumimam I@EJE‘ULL‘U‘U?J@Q?Wi

a

naaosazasadulunumdnnis € ~ NID (0, 6°) Aon1snsrvdauniskanuasund waznsiludasy

a0

fAnlndifies 0 uazAULUTUTIU (09) Teass Faagiiideyaiinugneias uasdniede

610




The 11 National and the 5" International PIM Conference
July 16, 2021
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Source DF Seq.ss Adj SS Adj MS F P
gumpiilinasmvandanaadnileda | 1 | 02750 | 02750 | 02750 | 1634 | 0.002
Usunaunstdifiananafinileida 5 | 616304 | 61.6344 | 123269 | 731.3 | 0.000
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Error 12 0.202 0.202 0.0168
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S=797914 R-Sq=99.68% R-Sq(adj) = 99.38%
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Main Effects Plot (data means) for dasyuaasdu(%)
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