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Abstract

The objectives of this research were to measure the noise of work in the car garage and
compare with the standard, to compare the noise of work in the large and small car garage and to study
the effect of the noise on the employees. The measure of noise used the sound level meter. The
measurement used the method of the noise of work in accordance with the standards of ministerial
regulations in the management of occupational safety, health and working environment concerning heat,
light and sound (B.E.2549).

The results of the study are as follows. The large and small garage had time weighted
average (TWA) as 75.75 + 2.70 dB(A) and 78.50 + 1.38 dB(A) respectively, impulse noise as 116.87 + 4.49
dB(C) and 116.75 + 5.13 dB(C) respectively. The comparison of TWA and impulse noise to the standard
which is not over 85 dB(A) and 140 dB(C) respectively. The comparison TWA between the large and small
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car garage using t - test independent at 0.05 of significant founded that p-value < 0.05. The results
indicated that the small car garage had TWA rather than the large car garage. The results of interview in
the large and small car garage founded that the noise caused by the operation affects the hearing
efficiency, communication during working and the mental state of the employees.

Keywords: Noise of Work, Car Garage, Noise Effect
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7 79.25 111.3 100.3 52.1 26.53 79
8 79.78 111.3 99.3 49.1 29.97 79
9 79.97 118.4 103.5 49.5 31.32 79
10 80.31 120.3 103.5 47.5 33.87 80
11 79.49 121.1 105.3 50.3 28.02 79
12 78.49 125.3 105.3 49.5 22.24 78

ﬂ'%aﬁs 79.05+1.37 | 116.75+5.13 104.26+4.98 49.57+2.36 | 26.40+6.80 78.50+1.38

Nan13A593nsEIUEEY NUd seduideund (LAeg) Windu 79.05 = 1.37 ndluaie seduideanszunn
(Lpeak) Wiy 116.75 + 5.13 1aBiuad USinandesgsan (Lmax) WAy 104.26+4.98 1ndiuate Y3snandesinge
(Lrnin) Wiy 49.57+2.36 ia@luaie Usinainsdudadesavas (D%) Wiy 26.40 + 6.80 % uawseiuidesdiduda
Dhunan 8 dalus (TWA) gesnisvieu wihiu 78.50 + 1.38 wndiuate
2. mawSsuiiisussauidesiiduiadunat 8 4alus (TWA) vasnisinaufuaannsgu

nMssuifisuszduidesiduiadung 8 $2lus (TWA) veamsvhanuluaniuuszneunisgtensasudiy
A1NIATTINNYNIENTHLUNMTUTMILAENTIANITAUANNYaendy 01Tewndly wavan mwinaexulun1syiu
Aenfuanudou wasaing wazides w.e. 2549 wuin amuﬂizﬂaUﬂ'ﬁ@jsziamaauﬁmu”um%ﬁgﬁixﬁuLﬁwﬁé’mﬁalﬁu
181 8 F3lue (TWA) 983n159au Wiy 75.75 + 2.70 indiuae wazseiuidesnseunn 116.87 + 4.49 1aTuad
uazanuUsEneUNsEteNsasusvImdnlsy T udsaduda Tunan 8 92l (TWA) weansvhan winfu 78.50 +
1.38 1BLUaLe WarseAudenseunn 116.75 + 513 ndluad erlFouiflsuiuaunnsgiussdudesidusiadu
a1 8 Falue (TWA) veanisviauuagseiuideansyunn dainunlfldiiu 85 ndiuaie uay 140 induad
puadu uandliiiiuin anuuszneunsgteusasudvuelvguazradnilsziudesiidudadung 8 4l
(TWA) 9a4n137vnausas seaudeanszunn liiiuamnsgu
3. MmaFsuifisuszaudesdidudaduna 8 4alus (TWA) vesnsieuszudnsaaiulsenauns

nawFeuifisusesudesiidudadunan 8 alus (TWA) vesnisvhausswinsanuusenaunisauieig
wazaguUsznaunisvuain tneldadf T - test independent fiszsuiaddey 0.05 wui1 mansiSeuiieu
sefuidseiiduiadunan 8 3l (TWA) vesnsviausewinsaaulsznay 2 uia fid pvalue Wiy 0.005 3
WneANI dauusyneunisvualuguazanuusznaunsawinan dnnadssedudeiidudadunan 8 $alue
(TWA) a3n15va1usand 19y fissdutedfey 0.05 ﬂgu?waammﬂixﬂaumigﬁiammwﬁmmmLﬁﬂ (78.50 + 1.38
wdiuate) svsuidsaiidudaduna 8 Falus (TwA) vesmsvhausnnniaaulseneumsgronsasusivusilng
(75.75 + 2.70 L9@LUa)

Vol 6 NO 2 Jul — Dec 2022



6  Journal of Science and Technology Thonburi University

4. nan1sdunwaintinanuluaaiulsznaunisgdeusasun
wansdunwaindnenluaniuuszneunisgdensnsudvualvgiazauiadn dadunisdunvaliunuy
dednifeafudnungnmainuiidmanssnutendnau wui winouldSunansemuvesdsmnnisuifoulag
finansenudenisldfuuaziliniinnuiionnisyeduuiaia wagianuddnenin Hagludienardld
\n3esinsuazgUnsailunsuf iRy wazidssnmsuiifnudmadenisdeanslussuiinmsuiifnuluuiseds
Hagtuniinauimelifinislégunsaitostuduyaaalunsdesiunanssnuanides

d3UnadBuazaNUsIeNa

mMsnsIeinsiudesweInIsiien wui anuuszneunseteusasudvuelvg Jeiseduidesiduda
Wunan 8 $lus (TWA) ve3nsviiey wiidu 75.75 + 2.70 1ndiuate wazseiuideenszunn 11687 + 4.49 103
wad anuUsznoumsgtensasudvuiaian feszduidssidudadunat 8 $alus (TWA) vesnsviau wirdy
78.50 + 138 \nBluaio wagsEAUdBINTEANN 116.75 + 513 1nfiuad Seszduidosmaansinenuiia 2 § fnisld
wpadnslunisvhauendiu wissnenton duau wivlelain waganssulunisvamefivu msiag o
n9i3e§ deiaedestnsuasiansalunshanuieiduindsiniadonigluaauiivszneumsgdensaudld
Gafrtug gBun$ (2556) Idnanfeseduidsmenaiosinslulssnudouadiesnouiinadosduan feedudes 92.8
- 932 IndlualeuaslAeaides 87.0 - 98.0 Wwdwate Ssuandiihimmihauiifinsléieiesinsuazisnssuanns
aulugauuseneunisedeusasudiduuvasiniade

mswsuiiisuseiudssidudadunan 8 $alus (TWA) vesmsvhanu wWisuiisuiudsnsgiu wuin
Andssziuidssiiduiaiung 8 42l (TWA) veansviinu vesanulsznounsgdensasudvualng wiriu
75.75 + 2.70 IndlUale WazseAUIdBanTzunn 11687 + 4.9 1nd1Uad uavAedsseduldesiidudaiduie 8
Hlug (TWA) 99715711971 vesanuUszneunTgtensasuduuInLan iy 78.50 + 1.38 Iadluale Laysydu
WFeanszumn 116.75 + 513 1adluad Wethaedssedudesiidudadunan 8 42lus (TwA) vesnsviau was
Feanszunninsaialdiuiouisusuamnnsgiudeimualilihu 90 wduale uag 140 1ndluad auddu
wuin feliAunnsgiu anveissduidssadefdudaduna 8 4alus (TWA) vesnsinunasseiuides
nszunnUesanuUsENeUNsTUIRngwazdauUsznoun stwadnaldiiuinesgrudunszlugisiaivesns
pstasdudesUinunuiarauilunshodllififetuegureiiomasnszesina 8 Falusmeviau Fadu
auvguileivilissiuidsandofiduiaiung 8 alus (Twa) vesmevhaulsiiAuinnsgiu

mMssuiiisuseduidsaidudadunan 8 $alus (TwA) vosnvihuswianulszneumsuelug
(75.75 + 2.70 19TLUALD) LLavamuﬂsvﬂaumwmmé‘ﬂ (78.50 = 1.38) 19af@ T - test independent fisgsiu
tedAy 0.05 nui p-value deyinfiy 0.005 Favaneenudn mseiudssiduiaung 8 dalus (Twa) V93N13
vhanis 2 anuusgneuntsdiauuansfiy me’mmmwamuﬂﬁvﬂaumaa%amaaumﬁummLaﬂ fnseiuldesd
dudadunm 8 $alus (TwA) Guaqmsmmumﬂm']amuﬂszﬂaumﬁﬁummg%amaauﬂmg lesnnuIunvesany
Usgneunsgeusasuivunadn Suifluufofnu 200 msnaues Safesninsznaumsgdensnsusuunslng)
waznsdnnaedesdnslumsufoRauegiadu SﬂﬁaﬁuﬁiumiﬂﬁﬁamuLﬂué’ﬂwmsﬁuﬁﬂmﬁqﬁﬂﬁﬁmﬁﬁwﬁu
MnnsUfthauiinenssnediuiineuenidtos waruunvesaniusznounisgrensnuiuialvg) ffuily
UFTRem 525 manaiuas dennnianulszneumsgtensasuduuadnuazmsinnandosdnslunisufoRay
Uszegrieiu 5ﬂﬁy’qﬁumumiﬂﬁﬂ“ﬁmmﬂuﬁﬂwmzﬁuﬁLﬂﬂ%ﬂﬁﬂﬁlﬁaaﬁﬁm%umnmsuﬁﬁamuﬁmsmzmaéﬁuﬁ
meenldinnniy Seilidarseiudosiiduiaiung 8 Hlus (TWA) sesmshanuvesaniuUsznaunsuung
FousnauATIAEN fAunndanuusznaunsgreusaeuAvua e

nmsdunvaintdnnuluaniulseneunisgyeusagufruInlnguazuuimdn wudi FeaiiAnTuainnis
UftRnudsmanszvusiouszavsnmmsldiu msdeassevinamsufdRnunazanmdnlaves iRy Seimen
agan (2552) lpesueisdunseveansdudaiudssdanniiuluinnsdernsiduduneneguaimsinie lawn
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THE STUDY OF THE ABNORMAL IMMUNOGLOBULIN TYPES RELATED TO DISEASE
AND FREQUENCY OF EXAMINATION IN PATIENTS AT SRINAGARIND HOSPITAL,
FACULTY OF MEDICINE, KHON KAEN UNIVERSITY, THAILAND
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nsfnwwiinvesduylulnayduiieuninnuduiusiulsauas Anudvesnisasisluginelsmetunans
uaung amgunneaans unAInerdsvounnu Ussinalne fnguszasdiiien1s@nyinm MM, (Multiple
Myeloma) vesitheidulsauzifanslaiisinen MiAnanauinundvesmaianiwad sudunguveasadiindon
¥ Tugtelsadudunananwadazinisisdyivlnfiiaunily dwaliAamnuiaunilusisnie dusnnaia
wazasIany Buylulnaydu flaund dsanunsansiausnviauazduduldsne 15n51a IFE. (mmunofixation Test)
Feluvaiontu IFE. Alilinseaey dwmsunsinsedlsaduudnismageuiiiensinfusurialsn Tulsmenuna
gundnoshifinisansludnvasi Wesesfunisliusnis eilsardiuinislunisasaa IFE Tusyuy
nsuday@naraseniiugedia 3,000 Umdends Friunavesnsinw IFE. wingiavldnga ietusurialsauazas
duwmsraliiAu 2 afated Hesanguuuuves Buylulnaydu Snlidesivdsundas dnsuauldlsaladiinisdimea
FE. Yas 1 a¥s fotunmuizaniiesninauld MM dnflonnisiidennignisinuresaunniessiudae a1
msenudavuinluauldlaifu Non Specific Diagnosis T §in15n529 IFE. o1amszunmddasnsnsisdeuimie
wonifadeiiesnaudsssonisifu MM, sen Tuvasientu nsld SPEP iiemsaafneuauld Afldautaeldunn
LAz S1AIRLANAI9NTUN9ATIA IFE. 1nedl SPEP 51A1 300 U wdends wazlagianizlungy MM, LaInUdn
aunsoldna SPEP Usziliuauldlans 95.8%
Ad1Asy: MM. (Multiple Myeloma), IFE. Immunofixation Test)

Abstract
The study of the abnormal immunoglobulin types related to disease and frequency of
examination in patients at Srinagarind Hospital, Faculty of Medicine, Khon Kaen University, Thailand aimed

to study Multiple Myeloma (MM.) of patients with hematological cancer caused by abnormalities in
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plasma cells which is a group of white blood cells. In Multiple Myeloma patients, plasma cells grow
abnormally. Resulting in abnormalities in the body. Most of them are created and detected abnormal
immunoglobulins, which can be distinguished and confirmed with an Immunofixation Test (IFE.), while at
the same time IFE is not a test. For screening, it's just a test to confirm the type of disease. In smaller
hospitals, tests of this nature may not be available to support the service. However, the fee for IFE.
examination in the Comptroller General's Department system is charged up to 3,000 baht per time, so the
results of the IFE. study are suitable for examination to confirm the type of disease and should be tested
no more than 2 times a year due to the form of immunoglobulin often does not chansge. For patients
with Nephrotic Syndrome, an IFE. test once a year is considered appropriate since MM. patients are often
predisposed to impaired renal function. The study also found that in patients with no non specific
diagnosis, IFE. was tested, possibly because the doctor wanted to determine or exclude the diagnosis to
rule out the risk of MM. At the same time, SPEP was used to monitor patients. It can help a lot. And the
price is very different from IFE examination, where SPEP costs 300 baht per time, and especially in the
MM. eroup, it was found that the SPEP results can be evaluated by up to 95.8% of patients.

Keywords: Multiple Myeloma (MM.) , Immunofixation Test (IFE.)

unin

duglulnayau iulusiuiifuneadduiodugfiduiuvie antibody Tidediuitelsa wuafiFe lafa
Fosuazuzide 3 duylulnaydu deg 5 ¥iln (Kyle RA., etal, 2003) ) lon

1.1 ammiuiﬂauau A (1) wusnnuwdeiiien Taslawzidadlonlussuumadumels madueims tes
AreA 1 wazihans 39 1gA astaedoatusanmenndauinen

1.2 uglulnayau G (g6) uriafimusnniigalusrsnenuinluluveanailusiane dredestunisin
douuafids uarlada uaranunsanieneamssn Mnuiludamanluassdld

1.3 Buglulnaydu M (gM) iu antibody fnuluiwiesanden fisumeasistu erediuidiolss

1.4 uylulnaydu E (gE) 1 antibody MiAsadosnisnisui 1wy avesunas nienisuivudnd wuly
e fmla uazidolilon

1.5 Suylulnaydu D (D) 1y antibody fislsinsmumihiidaiou wagiisenumsnsiawuries
Multiple myeloma

a

Myeloma cell fidnwazduniziiunnsiaainuzifedu q Ao n13a$19 monoclonal duylulnayau
senulunssuadentiilinisnsratalsiumend awnsalditedouasinaunissnuwild Tnemsnsiadifdede
Multiple myeloma thy Tnausiifiads (0’Connell TX, etal., 2005) fsif

Symptomatic myeloma

1)  A199$I9NU Monoclonal protein Tutdenunselutlaans

2)  MAIIINU Monoclonal plasma cell Iul,ﬁaml,aﬂmﬂiz@jﬂ

3) dnwageinisnuedin lawn ang Caldum ge a13glanng (Renal insufficiency) n11w@a (Anemia)

Bone Lesion (8 ® 71 CRAB Syndrome) % 39 A 12¢ Amyloidosis Asymptomatic myeloma
(Smoldering myeloma)

4)  AIRTI9NU Monoclonal protein Tuideansetaanns > 3 g/dL

5) 1139 739NU Monoclonal plasma cell Tulsuﬂszqﬂ > 10%

6) linudnware1n1sneadin
N19M333%1 Monoclonal protein

N135m3599 Monoclonal protein (Kyle RA., et.al.,, 2015) §1a1833 laun n159599 Bence Jones protein
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luidennsolaane n15ms1a protein electrophoresis ludannsolaanie n15m519 Serum electrophoresis wag
M3A578 Immunofixation electrophoresis Tuidanrseilaaniz nMsnsrama1iieds Semi-automated daAoudig
glagn Foserfeanutiuglunisnsann uasituisifenulhdeudneii Ssmnuldaududulunissamnise
\dntfesflmdongndsaunisinyl (Minimal residual disease) Fadslalarunsaimduusuals Fadadldnag
Wisuifeuyiina Buglulnaydu deunasvdanssnulunisiamunanisine dedu ifesnsiaunesds
sy Buylulnaydu Ssnsmsiesedu Suylulnaydu Aldaunsavenld duylulnaydu finsalddu
Monoclonal protein 3ol Aou1FelinisimuiIn1snsIa Total serum K/L assays symptomatic myeloma
(Milani P., etal, 2017) wielianusansivldlasldin3eedmluifuas Tadunuuusuald (Fouquet G, etal,
2014) wiisissiifesesnsainrusimes wardldidaliusnmsiulsmeuariuniuns
Immunofixation Test (IFN) %38 Immunofixation electrophoresis Test (IFE)

\Jun13m379%1 Monoclonal protein flanunsasiuun winves Monoclonal protein ¢ Tagldudnns
984 Protein electrophoresis (Baridge D.R., et.al, 2014) Tun1suendiulsenavlusiuluidensan u 5 lau
w2391 Antiserum TngsialusAuLAazsia Lawn Antiserum #o IgG, IgA, IgM, kappa kag lambda Light
chain uviufAsendulysAuuumauy Agarose geL adlusAulauinninunfagiin Immune complex TENIN
Antiserum fiu Buylulnaydu w3e Light chain Wk WAINNALNBUBYULKNY Agarose el (Fsguil 1) Tedrinves
IFE A wledl Suylulnaydu Tuuiinaann 9 awmlummiammwummmmﬂﬂmim dosn Ysinaweudiaud
a¥rsenuiuanniiuluyild Antigen-antibody complex gna19eanlusEninanseuIuns wwszaziy lunsai
Auheiiusunn Suylulnaydu gann (Gertz MA, Kyle RA, 1995) masiin1sideansludadiu 1:3 fia 1:10 uazly
nsdlil Monoclonal v1saduifu antisera v 5 wiln Tiidunn band fidafian fo UiRseTiAnduass

milggiAuiuuazalindln wiesfUAnsivmanitugns lsmeruiariuaiuns Anzunneans
WiUIN15MI7 533 IFE Tngn135189urRa class Uag type vee duylulnayiu fiiaund wieldslunsitadauas
m‘iammum‘i%’ﬂ‘wﬂ,wgﬂwﬁﬁm’w monoclonal gammopathy 141U multiple myeloma %ﬂﬁgﬂaaiuﬂdmﬁ o4
nsvdeniieguiinuazseiureudulusiu (M Protein) wazduylulnayau (Baridge DR, etal, 2014) f2du 9
s2ulUfesedu Serum Free Light Chain (Katzmann J.A., etal, 2015) lunsruadonad1edeiiios 3991y
Ve iRnsvmanitugndosnenunasgisgniios itetigliinszuaunsinwuarmsinauns3nudugs
wa Jogtu Tuszeznan 10 Weuiiuan (1 1.a.-31 7.a.63) Staesmu 199 519 fidensaa IFE lumbeniduiu
waziafinddn curesUfiRnmsnmanitugns Ssmuigtiemnnindesay 80 sslufiheneiuiiuvhmnga
ageraiiies Welladuuasfinmunissne Famamhenulianuddy Tudumoun1snsia wazaanTsianis
NeaNaTigndes >99% udemenunaauuansitliny Suglulnaydu Aaund dwmiunsdiinenusaduuan
nsudanansnagouazUsddn nsnu auylulnayiu fiRaund Fauenmileann Multiple myeloma wés e1aiide
ﬁﬂ%@dﬁu"] U immune system disorder e1aiAgndesfiuuziSewiindu q wie Waldenstrom’s macroglobulinemia
(Dispenzieri A, et.al., 2010)

IUszaRA

1. Wiefnwuiiaves auylulnayau ﬁmﬂﬂﬁﬁmmwﬂuﬁﬂw MM fidansaa IFE Tulsanerunaasunsuns
AMEUNNEANERS UMNINEIRBVRULAY TUYNNIIALDRIAAN W.A. 2564

2. iefnwdmsnisasrany Suglulnaydu AeunAlugfiaedug uenmileain MM

3. iiefnwenudfungaulunisdmsin IFE lunsfinmunisinwigiae MM

4. iiewSsulflounanisnsaa IFE uaz Serum protein electrophoresis (SPEP) Vo5 MM wieldluns
FARMINNITTNN
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wailagléFu

1. aN1N3a5 BN UHANATI90E9gnFed Liteatuayunideduenaude

2. mihsannalideyaildnnnisitondsd weunsliduusslondluauiniiedes Sadgudnis
7379 immunization test Tunangfusenideunile ileatuayuulovismuiuda veddsuiouunmg wagai
Uszlewiunianywerd lnslanzaiisgauninnisnna Weaduayunisitedeiigndedulsmeiuialuaia
nzugenideanile

3. yAansamsaious Msiaun wazifuesdsIuues lab correlation InnudsyiiiufiRusydrty

a11130a3199117398 Useian Routine to research (R2R) B3au1sasiosanaudn wazwuilugnisideuinus
suatuLieffuiwewnslavidunsanslunazinsseme

‘VI‘U‘VI'J‘L!L'E]ﬂﬁ']’iLLﬁ%'J’i’imﬂi’iNﬁLﬁlﬂ'J%B\‘i

Easter Cooperative Oncology Group lasuseeni1snsianiusua Free light chain (FLC) Ta el
Polyclonal latex-conjugated anti-free light chain Fawan15msaiils szseeueanundu antibody fisumzse
U3tau Hidden Surface (LﬂuU%Lamﬁéﬁauagjiwdw Light chain tag Heavy chain chain 994 FLC) Laga1u15n
AT Uinasaeludenléfie 0.3 me/l 18sA1 Kappa Wag 0.5 me/L 184 Lambda

U.S. Food and Drug Administration (FDA) wasUszwmaansgaiusni lasusedildarunilunsdiitdads
waznTIRRmUNsALulsaveUle Multiple myeloma, Lymphocytic neoplasm,

Wald Enstrom’s macroglobulinemia, AL amyloidosis wag Light Chain Deposition Disease laga1989A1UnA
el Kappa (95% range) 3.3-19.4 mg/L, Lambda (95% range) 5.7-26.3 mg/L wag K/L (100% range) 0.26-1.65

Tomer Mark Wagmaady (2013) New York Presbyterian Hospital-Cornell Medical Center, New York,
NY, USA. 5189131 M-protein iJusnasn1ssnadediddaydmiunismevauadly multiple myeloma (MM) waznns
ammﬁgﬂﬁauﬂuqf,yLmﬁwﬁzﬁumﬁﬁmmimmﬁﬁﬂ Atypical M-Protein fiwulu serum immunofixation
electrophoresis fin1uuana9eg19tALaUludIUYTZNOUVDY heavy chain Way light chain a1nlUsAu M-spike
FuRuuazFonirsUuuunisaiegdduiulugsy lunisfnwinissufuresssuugidufuunndos wie BIRD
(lenalidomide and dexamethasone with clarithromycin) W& ¢ atypical serum immunofixation patterns
(ASIPs) WU £the 4/72 (33%) A¥nwsne BIRD aWaunluilu ASIPs Wleiieufudinedldsu BiRD sl ASIPs 4
nsmeuausdlassmiituegsdtodia (100% Wieudu 85%) wasdnsnismevauosiiauysal (71% Lisuiy
23%)

Christopher Heaton wazandg (2016) lavinn1s@nwilu Medical College of Georgia Iuﬁﬂaaﬁwm 237
AufldsunisvagaunazTuinUsy Tasu 1,503 ads dwdu maneaeudmiuviwite 1nni 1 ada lunsna
serum protein electrophoresis (SPEP) , serum immunofixation electrophoresis (IFF) Lag serum free light
chain assays (SFLCA) WU31 46% 2840150579 SPEP uaz 42% 1890150539 SFLCALEUNS5UN15057a 39 SPEP,
IFF uae SFLCA Aenisvadeuiiddylunisasainisifadouasnsinniunaves monoclonal sammopathies

Bn1sanliunsuazisuidym

1. M svagdeu

nMsAnuIBaiiaTed TinguszasdiioAnuianuduiusues Jady (exposure) fu 15 (disease) w3e
KadWS (outcome) fifesnsfinw lunguszanns flhefigndsnsn IFE Tulsmeunaniueiuns ssoznadud 1
unsIAY - 30 Aoa we. 2564 §ATuSuvinsAnulasuiinguiissAnmeenmudnvazvesnisasianuvie
vos Buglulnaydu anuaenndosiuveamanisidadelsn uagnansnsiameiesjiinng anuilunisdings
IFE HAN"SATIAARULIA LATAUADAATDIVBIHA SPEP UK IFE
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2 JUuUUN15IVY

vhnssusamdeyaginedidimsa IFE ynyelutimnseu Gsdanau we. 2564 ileduiintoyanans
#979 warfnnunvssdouioguaazulunisitedelse ntdu Sufinuamsna IFE e Tusuuduiindeya
(excel worksheet) wazrduunuenyszianginonunanisidade Tas fAansanuenitas MM tlednunfanans
#923 IFX Srunuadeiidensin uasnmaaeutoyana SPEP ilagaiudonades videaruuaneiu lusiefina IFE
psralainsetu videdaudailivhmansiad reuaguua IFE fignfes mntdurhmslienesitoya uasdsuiiunaiio
mauﬁm’m’a’mqﬂizadﬁﬁ&y’dﬁ warasUTIENUHaNTIdY fanndl 1

1. msvusdeyanduussvnsiivevesunyn
Wnflanssidoulasnan1sngInvesUsens

6. MIVTLTUNANTIVADULD 2. Guiintoya uaginnu o Jaqduiiled
Uszilluwa Wiguimeuiuinguszasa mMalansI9 wietanuunnd Tu U wa.
2564

5.113AUAN AU ATIIERU B ting

. - y N . 4 3. MINGIURANITATIV I9nFiaa lalifn
Aliunsuidymussg inguszasdnud

. AMURANAA LUS8ULiBUNE IFE way SPEP
U

4. M5AMIUNITIDUNIURANITANTID
Tunsalndidgm Wienan1snsaliaonados

A 1 usupiuaninsasusgnunaniside
3. su1yuinide
3.1 Uszns (Population) Lazsae1d (Sample)
- wEninausilunisnidon Yssinauasiaegne TUssrnsiomn ifn1sdmen 19X Tl ne,
2564

- MIduNALAENITIA (Observation & Measurement)

32 fuslunsided fo yaansiiviimsnsaa IFX S 1 eu fewawai
yaansiiieatedunisnea IFX deaufifmuduneunisngan amsudeu SOPWI n1sUfshnuedtaateais
S vnau (Fuus) Swiasindennas uarasusunsudoufoisuiu

3.3 wuutudin (Record form) MsnsI9MeviesUiinns Adatou wazgndes iiunasiny
WNIFIUNTURTRNUNYAERTTuans wasduiindeyadeaunan1snsia IFX wasdsyiRguieatly excel
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4. MFATIEveya

vimstufinanuuutuiin adulusunsy excel iitelddouaiils lunsduameianud Yovas uaz
puduiudvesdeya ndlisginnuaenadoamansnraindulilumaiesiuiunanisidade denldada
McNemar Test Tun153tAs19

NANI59Y

Tunsdensan IFX lutasunsia Sedamaw 2564 wud Sauldfidemsa IFX sfeun S1uau 205 57 Taed
n3dansIaTILsALsIuIL 348 Afy wuhaansauaniasnguauldnuviavedsa uazdnvugoinsiidade
ooniu 7 nagulsa fsil auld multiple myeloma (MM) $1ua 116 78 (56.6%) AuldlaneEosssiuau 17 518
(8.3%) Auldiilosonuazusfenindug S1uau 11 918 (5.0%) auldiuudu 8 919 (3.9%) auldngulse
autoimmune $1uu 4 518 (2.0%) Auldlsanszgamgusiuam 5 58 (2.4%) wazauldmluiliszyeinmsianzes
TsA 119w 44 519 (21.5%) Fap3adt 1

M157199 1 ugUe9dansa IFE Lenaungulse

daasun1satiadensansgulsa Juuauld % S1ununfeiidensan IFE
Multiple myeloma 116 56.6 244
Chronic renal disease 17 8.3 18
Benign and other carcinoma 11 54 20
autoimmune 4 2.0 4
Diabetes mellitus 8 3.9 8
Osteoporosis 5 24 5
Non specific diagnosis a4 21.5 49
U 205 100 348

Tuald MM #ifin13dsms99 IFE wui $haeyiin1saemsan serum protein electrophoresis (SPEP) aude
WURAN1ATID 84 T1e91nAuld MM $1uau 116 518 (72.49%) Tuauld MM 116 s1etu nuirdensan IFE $1uau
244 pds waznudn 1 39 518 (33.6%) Tidens19 IFE 1nnda 2 adwsied 9anauld MM stauaiidensia IFX asaall
wu duylulnayiu FRAUNR $119U 44 518 (37.9%) wiinas M protein AiR539NU A kappa 31W3U 11 518 IgA
lambda 971142 7 518 1gG kappa 91UU 33 978 1gG lambda 97UU 19 78 LAy WU free light chain 47UU 2
8 Snsnsasrany uglulnaydu MReundluauld MM egf 62.1% (72 579970 116 318) §1 5189insIamy Buy
Tulnaydu AnUnd (3U7 1) agwunan1sns1a SPEP Anunfdne (3U7 2) wazwu 69 s187in1sns1a SPEP Tiia
AnUnR 910 72 et IFE Waliauni w3e 95.8% namsnageummiudasysefuresnsnsias 2 38 wui 38
SPEP wa IFE Laiidudassotusgredifoddny Aseduainudesiu 99% (99 I, p<0.01) uag duylulnayau
AnUn@finsianundn Ao 166 wu 72.2% 14 16G kappa wag lambda \Ju 45.8% uay 26.4% Muddu 583897
fio IgA AnUnfinsyany 25.0% U IgA kappa way lambda «Ju 15.3% wag 9.7% suddy fauandlunnsned 2
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M3NN 2 FUENETInTIINY M-protein wlinr19q wag 31WUUENTI80MURE no monoclonal By
Tulnatydu

Immunophenotyping Type kappa (n,%) Type lambda(n,%) Total (n,%)

M-proteins positive (N=72,62.1%)

Type IgG 33 (45.8%) 19 (26.4%) 52 (72.2%)
Type IgA 11 (15.3%) 7(9.7%) 18 (25.0%)
Type IgM 0 0 0

Light chain type 1(1.4%) 1(1.4%) 2 (2.8%)
Total positive 45(62.5%) 27(37.5%) 72 (100%)

M-protein negative or no monoclonal §mﬂuiﬂay§u (N=44, 37.9%)

, @D "

3 3
- am -

4 4

5 5

6 B

7 7
SPE  IgG IgA  IgM K A

AN 2 wa IFE Ainsany Buylulnayfiu vise M-protein lAUNG

M SPIKE

B NorMAL

I MULTIPLE
MYELOMA

ALBUMIN a, a, B Y

AN 3 Wa SPEP luseinsiany abnormal 8uylulnaydu
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RGO B R LI ILINIE

FUae MM dansnnadauazasiany Suylulnaydu Mleund deannsassiaueneilauazdudulddonis
dan599 IFE Fsluvaziientu IFE ldldnsnageudmsunsianseddsadunmsvagsuiionsiabususialse wasly
Tsmmeuiavwiadnealifinsasasludnuariiesesdunisiiusns fedsiaausnislunisnsas IFE Tusyuu
ﬂsuﬂ’aﬁﬂmaﬁamﬁuqqﬁﬂ 3,000 vmsonss det IFE wangitagldnma etuduvislsauazasadansalaiiu 2
pdasiod losnnguuuuves Buylulnaydu dnlidesivdsuutas dwsuaulilselediinisdnsa IFE Jaz 1 ad
foimnzauiiosanauld MM shiloinsihdennznsyhnuveslaunndessiudae wazannnsanel Sanuin
Tumuldlaiilu non specific diagnosis e §In13m529 IFE anamszunmddosnsasisdeuintonsnitedeiionn
audesionisliu MM oan Tuvaziieniu n1s1d SPEP iensiafinmueuld Afldiudasldun wazsiafunndig
1nfun13n$ IFE Tasdl SPEP 39A1 300 vindends uarlneianglungy MM udanuin awnsaldua SPEP
Useifiuaulaleana 95.8%
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Iuﬁﬂqﬁumiﬂizﬂauqiﬁa%umumuauﬁﬁnmm%’uqqsﬁu wiazusImddufosmuuImng nagnsaneg
wielrus el dluToummanisutstu Fetladeludesnmsvuds duinduiadovisifiunumddasogsialuge
Yaqdu mmmmmnmiﬁlwmw U%ﬁwﬁ?uﬁmmﬁ'lLﬂuﬁaﬁmﬁﬁuﬁwmﬂﬁmamlﬂé’aaﬂﬁw felun1smevaues
ANLABINITVBIGNAT sUuvunils Feusnmnsdnuidugnanuas sirdmieudssavldnsodmiusmmmus
nanevin driungugndesuTTndaivarnaienduuasnszefnsounquynioniniaUsema aunulums
muawaqmwuumumaqﬂmsﬁ,um'ﬁmumauﬂmumwmmmiﬁuumaumlﬂmmwmumLwaanauﬂwlﬂsagﬂﬂw
Aolu ﬂ’mwaLqumﬁﬂLﬁuwNmwuﬁaﬁumﬁammﬁmﬁgmaawﬁfﬂmﬂumﬁmLé’umnmiﬁuudn 27nN15LAY
surmdeyaliuszozinm 3 Weu U wa.2564 liun Weufueneu - ngrdniou dduwsiazifeulilifaudeans
audnluyntu nud msdadumenisudedudndildfivssansamivhiiaas dmalisvesmdumsuddas s
3 LhaU agﬂiﬁl 3,045.12 Alawuns LLazéfuvgumssuuﬁaLLUiﬁuImstmagjﬁ 21,072.23 U MyanfunulunIsvuawes
UsEnnsdiinwilaeUssenfldiseanesniu wuuUsendn (Saving Algorithm) fielusunsa VRP Spreadsheet Solver
ilalIsuiisunardiasesd mnsdadunisnsvudeiivngay aunsaanszozndlunisuudssy 3 Weuadld
1,647.51 Alawns sspauu 54.10% WAEAUNUNTVUAIFUAITIN 3 lRDUAAAY 11,400.77 U FeAoTu 50.80%¢A0
drfiny: sununsvuds Jayvnisdadumenivug danesfiuuuulsendn

Abstract

At present, each company needs to come up with different strategies to give their company a
competitive advantage, which factors in transportation that is one of the factors that play an important
role in today's business. This is due to the fact that in many the company is obliged to deliver the goods
from the manufacturer to the customer. It is considered to be a response to customer requirement. A
case study company is a manufacturer and distributor of oil filter products for many types of vehicles.
Therefore, the company's customer groups are diverse and spread across all provinces throughout the
country. The cost of transportation of the company is high. The company transport the goods to the
freight forwarder to deliver the goods to customers. Transportation planning relies on the skill of the staff
in routing arrangement. From collecting data for 3 months in 2021, September - November, it was found
that the shipping route arrangement was not as efficient as it should be. The total transportation distance
of 3 months was 3,045.12 kilometers and the total variable transportation cost was 21,072.23 baht.

Researcher aimed to reduction transportation cost in case study we apply and economical algorithm and
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using VRP spreadsheet solver software to arranging suitable routing. At the result, researcher can reduce
the transport distance over 1,647.51 kilometers for 3 months, which is 54.10%, and the total cost of
transportation for 3 months is reduced by 11,400.77 baht, or 54.80%.

Keywords: Transportation Costs, Vehicle Routing Problem, Saving Algorithm

uniin

1uﬂ%a‘uum3U3“ﬂaUﬁiﬂwumu&nuﬂumumiLquummmnwmmnmu vhlvividnsng q desmsiing
NIRLLAzUTIIIANsTiandunuesules Jadesununisvudadusuysddy uas mwaﬂivw‘umqmmamim
AeveduA lruTenanegunaulaf saunisnamunisdanisszuuladadndlitiuseansaw e
doamsiiazanalddefiinduluntsvudsdudlusgnililéunnian Inetadoddnyiiinalaonsefide Aniiud
THluntsvudsdudludignéurasists n1sUsulassuumsuuadlildus savsnmnndetu favdundauarilsi
Wiy Tnedusdniununisdsdualnonisdadunisnissuddivududildsuantuiinniudeseu uazan
syogydlunsisessavududia dwalidununsinddudianas ilrussnilenialunisudedunianisdauan
Batu

UinnadifnuuiengussnougsRananiar SineAudUssinnldnses wu Ténsenhifuedos Ténses
01 ldnseshiudemas ldnseniiiulenseda uarldnsouniosuiueina sufnhemdeduniaoseud 49
dufmosidnivhmstonedutuaseunausannuszinmifasnsud soussnn soineas sadnserusudiinlud e
waztedosdnananiin fegradudvesusnnsdifinu dinmd 1

A9 1 duruseanldnses (masslndy wavany, 2564)

ngugnAYeITInisdinainvatenguuaznszanefiaseuaguyniminTusemea vinlinnsvudsierdu
BeswesuTinnsdnu owmnuisminsvudadudludgndlasliinmsnausumsudaitofmundumaly
nsvudsinzaugeudssadonuun 1wy liaunsadsdudlviiugnanldaunaiiivun dsasonmdnualves
U3 uenaniisorniaduruiiiutunnauiuinuresaniuiy uazsresne Tafndudunuludiuvesnis
yudsiimavssvliannsnaiuauld fifuuidvimersufiazanduyuludiud Tnegaduiinsanduudunis
Jndduiludgndndundnludagiudumnisvudwesuisngnandulalaentdnauduse dawalissezne uaz
narlumsrudsuiuninariidmus Aeduulunmsudaiioty ddsnandulssd sulsiumuidn iy
nariusIuessAtiu RS ldSafufeemuddguasadefiazintutuuisuluouan

Feflanudesmsuiuugessuumsuudwesuitn Tunmsdedsdumludsnduuisnvudsdnihnsdadsdudn
seldfungugndn Tnedimsnausunmsiadunaniafusaoudedudlvallfissdnsamdaty Tunuidsiende
Wsunsudndia lwaries (Excel Solver) iiuntaglunisnsunudunisnisiiusavues iWhnanglunisansdunu
nsvudsliiliagnadey 10%
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WaUsEanA
LivemUadelunisansununisvudadun
2 iemuumnslunisiadunenisyudaivneaudauvesusvnnsdfnwm
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neidundalifiteldAnwienasuazeideiifetoanioduguanuddmiulilunsinulnedusad

U
13

nsfuaindudmeluil

wuaRansvudaazn1sdnnsladafnduazdwnansigu

1. n13uds (uns Bunings, 2548) MsdssudningAuainguin (Supplier w3e Vendor) ludilsanuil
nAnduAn (Factory Plant) nian1saudsdudludindunududi (Warehouse) n3on1sdsdualudegnan
(Customer)

2. Tadafnd (logistics) luszuunsianisnisdsduddoya uagnineins suinszarsnuniamii
(Functional Area) luu3tm sunumihiiusznoufoniifiniugsianiag (Business Function) Favthilnsgsiad
anuiiafestuianssuladadndnisAnuiladafnduazdnnargiwuasdeadanudilandrinisgsauas
N52UIUN15§379 (Business Process) wsnznszuiunisiadafnduazdnnaraudunszuiunismiegsia

AsLANANNTERdsTUUYRdsLasszuuladafnd

sruvrudadunieushiuedeuiiuguresszuuladaind uwissuuladafndduUSouaiiounudusoutsi
fivinurlunismuguiarlilssavsamsaldenadiui TnsfisnussdufossuurudsiuomaSsudisuiasdlmiiy
hazvuladafndasdesnismenaunuiioluiayssans amliiunsuudend uissuurudsiuduuaddsdudn
vieuimannyavislugandarildléfsruunusuiiduiouasimildssvumudaduuadudaumidussuulad
afnduwintiu (iaden Tena wasnigyaun Yuidss, 2562) Mnuidmiidanuansomsladafndavanunsnanduny
wazainimelalifugndusamudisalunisianisledafndvesudmifissesnaienlallvdsios suuss ild
Mhmaedeutheuaniuinunaudiiuivsyaniam UssAvsnmaziatulfiiionndunou (Stage) vosdnwangisud
dwsn lumsiiunuandnfauriaehlsgsgauasfuilnainnufoelslussdumsuimsiimua

Jaymmsdaiduniafiuse

Hymrn1sdmduniaiiuse (Vehicle routing problem: VRP) 1utlyymidifinasdnwaunenauiulunis
Uszgndldudidamiumsvuds Tnsdnsiiiudouluuazdediase auiilitym VRP fianamainvians s
Haym VRP Tmsifiumaevesenummus vudasuangasuduludgndsnag fmstuuuey Tnegasududain
anfustagseanniuuinslunisvuddudldifenufemesaduier weUinumuesnisuudwan
wivaudluidasidunailonuiuazdesliifunugueseiunmug Inefiingussadiolinasiuvesszaznis
visosunuiilflumaidumadiendosiian (afgdun selsddvna, unes Alaing uavdgamad A, 2559:18-31)

dosnilam VRP F8n1sdmsunisfumeinevrssdumaiusafieguatnvansTveituogifudnuas
JamuazaaziBeaveudaznsdine Bnsildiuarudouuazidnlenglunmsdadumaiiusa fo Bmsuuy
Usgnda (Savings algorithm) mmuaima Clarke and anht Unidelulszimadange Tul a.a. 1964 Juasd
f9sumsdadunssrunmugiifiannugnais e iloneuauedgnaANFeIn1sIeIgnAIMaIsse tnudd
AufoeananesduALNBILaRE? LLauma‘vﬂ@mﬂmsLmﬂzymuﬂamﬂwmwm1mumuwmusmﬂﬂumwum
warUSunsaudiivudalaseunmuzusasiu (Clarke, G. and Wright J.W, 1964:568-581)
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1. Wsunsugiiia uund (Google Maps) ﬁa‘u’%miLﬁmh”ULLNuﬁcJ']uL“mmmseja%maaQLﬁ”a (Google) @13130
Zonldldnaoufiuneiialy Tnsssyfifnasigauazasdgamunsianieg ainduhnisvessesmeseninegn
Weaiuiunudde (ngsd Aslews uaeding Tade. 2562:7-14)

2. TUsunsude wumd (Bing Maps) Usmswieafiuunuiideiamnlaewnieting Microsoft d115Un1sa3aua
fsraeudunanisiiusauulilasvenvisnia

3, Waunsululasweminiea (Microsoft Excel) nsduandeniudaasineg Tnawsagldlulasvenin
walomuamdumeiiummgadlunsindunafimanganlunig fadunanisifusodes Wasnsudndiea loa
a3 (Excel Solver) Wulusunsudisaguidldvily
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4. /WM saFwuUaedusinTUNTIARIEUNIINSTUElAgISN1SWUUUSEUER (Savings algorithm) N1g
Fadunsgunmugidanudesnisuesgninans sy wazsunnuriinnugvateadsduioonainadan
IWNELP

nsATIzvidaya

v&annsUFudsansdadunansvuds tileanduyunisvuds agdeaiinisinusransnmveadunisly
nsvuddlpsmsUIsufisuUssAnsnmiussrateuysulsawasndusud selasanansotald ded

1. nsIpuliisuseaen1anlisunsunsdnidumanisudsiuadeyasteannstuiingg

2. MaUSguiiguRuyuneuliuUsULAzraeUSUU TN STREUNaN SUUEs

NANT5IUATBAUTIENE
1. szauidesvasnsinanuluaaiudssnaunisgdonsaeud
MnMsAnmMsIadunInssudduiUssnnldnsenisiuaies wazgdraan eyt wuinlunis
yudvAudldgnindsnsendoaunasiusazanudiungmesmiinny Wumaasssogndunssudiiiinduls
lallwdumauazssssnaivanzay Sramssuiuauiid
gl 1 doyanisindunemsidusavudaieudiulse
Tudiagimsasvadoyarnmainouinsindundunudsduiwesmauidnnsdfnw
Tngansnsouanuasszszmsillflunsvudsiiistureurhnisuiulss Suandumsed 1

M1319% 1: aguidunanisiiiuneuliulTadianeu Meneu - ngeRneu 2564

LAy TW/\heut/ sragmenauyiuUse TN (Do)

Juil 6 Aueneu 2564 226.34
Juil 10 fugneu 2564 263.45

QUERI Juil 13 fugneu 2564 221.17 1,172.95
ufi 23 fugnou 2564 153.3
ufi 28 fuegneu 2564 308.69
$uil 4 paneu 2564 219.7
$uil 8 paneu 2564 216.21

ARG uil 14 ganew 2564 288.24 1,032.33
Fuil 19 ganew 2564 61.59
Fuil 29 ganew 2564 24659
Jufl 2 woedneu 2564 172.41
Jufl 11 weedniey 2564 291.86

WEAINYY Fuil 18 ngAdneu 2564 229.52 839.84
Jufl 24 weRniey 2564 69.1
Jufl 29 weeRniey 2564 76.95

SLYZNITIUNIAUN (Alawns) 3,045.12

duil 2 deyanisaLdunenisiausavudmaTuus
NANNSAN®INISATLIUTALEUNIINISAUSa el USLNTULENDLwa Taatas (Excel Solver) Fadunianis
Wusavudduiuazsrezmenldlunsvudaiisvuluidazsounsvudmaniuuse dwandunisnd 2
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M13999 2: agUduMIMBAUMA T UUTIIRseY fug1eu - ngAIneu 2564

Loy T/ weudl/ FPEENNNEUUTUUTY  5eEn1939U (Aathau)
Fuil 6 fugneu 2564 106.06
Fuil 10 fueneu 2564 111.18
fugneu Juil 13 fugneu 2564 134.49 571.65
Fuil 23 fugneu 2564 121.19
Fuil 28 fugou 2564 98.73
Ful 4 panau 2564 97.68
Fuil 8 manAu 2564 88.42
nanA Juil 14 nanAw 2564 98.62 446.39
Fuil 19 ganen 2564 40.86
Fuil 29 ganew 2564 120.81
Fuil 2 woedneu 2564 98.83
Jufl 11 weednieu 2564 98.73
WEAINEY Fuil 18 ngAdneu 2564 114.96 397.57
Jufl 24 weeRn1ey 2564 35.6
Jufl 29 weeRn1eu 2564 31.45
sspgneTIToaun (Alawns) 1,397.61

dui 3 Wisuigunan1suTuuse
imsiieufisusyozmedildlunsvudsdud Wuszezian 3 Weu laundeunueisy - wgadnieu U
W.A.2564 Aauanslumn1sen 3

M13199 3: agUidunanIsiunasTulTgAeu fueneu - werdAneu 2564

ou/A szeEnenauUTuUe sreemamaeUIulse
iU 2564 1,172.95 571.65
AA1AN 2564 1,032.33 446.39
WEAINEY 2564 839.84 397.57
s58EM9320 (Rlawns) 3,045.12 1,397.61

INENTRTAUNSIUTE U UEUN 1IN SAUTanaUUT UU Jaaend U TuUTe nuInsdndunIenIshiuse
reuvsuUss fesermneraionun 3,045.12 flawms luvasfinsdndunsmaiusondefulsedu Sssosmes
savn 1,397.61 Alaas ansnsavenldimdiuusadedmslilusunsalunsdadumanisidiuse nadiaves
srpgMaNsIUANTINT 3 Wouanas 1,647.51 Alawns nieAndy 54.10% nnisiadunisnsidusanon
UFuuse

dwdt 4 Wisuisusunuildlunsuuds

vmsisuiisufunuildlunisvudadudn Wuszeznan 3 Weu leud Weudugnou - ngadnieu I
W.A.2564 fauanslunsnsd 4
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M50 4: nswSeuifigudunuNMsvLEIiouUTuUTILasa Ul Weuiueney — waeRnieu 2564

wau/Al neuuiuussiuuuUsiu (um)  wdsUSudsedunuudsiiu (um)
U 2564 8,116.81 3,955.82
AAPN 2564 7,143.72 3,089.02
Wqﬂ%ﬂ’]ﬂ‘u 2564 5,811.69 2,626.62
szEEn19598 (Alawwns) 3,045.12 1,397.61

ﬁunuﬁaﬂmmu 11,400.77 Uy

MnAad 4 wWisuiflsufuumsudsiiAntureansindunanaifusaneudfulge uasfununis
yudsiiAnturesnisdadumaniaiusondsfuuss ludaadou fusiou - ngadnieu T wa.2564 Tasudiv
nsdldnuiidununisvudsdalu 6.92 vn/Alawns Wngaziuladinmsdadumanisiiusansudiuuse Sdunu
wUsiusaaianmunogi 21,072.23 vin lurefimsdadumanadusondaiulss SedalasTusunsutu Sdunu
ANSTUAIUITUTINT IR 9,671.46 U a@ansaventainilelflusunsulun1semEunIenIsiuTe Naf1Ives
Fuyuuysiulumsuudesaia 3 Weuanas 11,400.77 Un vieAndu 50.10% ndununisvudsnoudiulss

GRIEGREL

MnnsAnmMsSadumInIsTudsRudn nsdiAnw visnnanldnsenituades Srgausvasdvdnves
miAfeluadad Aensansuyulumsvuddudlituidnnsdnwmethsios 10% Tasnsldnsusuusadunis
MsiusafedTenissanesiiu (Saving Algorithm) Fdlunsdlifldlusunsudndioa Teaed (Excel Solver) 1ndn
unnslumisvudedudn teanszogmislunisvudslnes wlundas Tufidnisvudedud Faufoufugioy -
wAdneu U wa 264 Sy 3 deu ddduusasideulsildfirudesnmsdudmniu Sedinsuudsdudiany il
seunmsvudafisarintu Tnsansnsoagunald fail

1. 31nn1sfeyatdunianisiiusavudineuuiuussaunsaaguladnlu 3 weu Feduesu naiau way
e AN Tnglundaziiouilszognieildlunisvudesinseanun1, 172.95, 1,032.33 uay 839.84 mUE1HY
SLULNTITAR 3 1ou Wity 3,045.12 Alawns

2. MMsUTuUTedUnIansvudsdudn Tugae 3 iwieu Ae dugigu gatal wazngAIn1ey lagnaanis
Usuugsszezmanldlunisvudausasifiouse 571.65, 446.39 way 397.57 Aud1dy

3. MaUSsuifisurandnhnmuiuus annsaglfissesmmdaiuug duhlmAusaysendatalu
wivetIvezne SedmasedununsuudsiAniy Tagluduresszosmetunsidu 3 ey svazmsdeuuiuuss
aavia&uiﬁl 3,045.12 AlaLuns ﬁé’dﬁ’]ﬂﬂﬁﬂ%UU@ﬂﬁizﬂz%ﬂai’;uﬁgﬁu 1,397.61 AlaLuns @1u1508n528LN19a9le
1,647.51 Alawns Andu 54.10% vesmsdaidunienisiiusansuliuls Feszovmalposufiusendnladeals
Tudruvesiununisvudsiicanasouiu Tasdununsvudulsiuresuisnnsdifinwegil 6.92 vin/Alawns
?jammﬁumiﬁmLﬁuwwqmisuudqﬁaw%’wgﬂmawﬁmmlﬁmﬁunui’mﬁgﬁu 21,072.23 uw lurnigiinisdaduma
nsruAmEIUSUUTNARRuuTITeAY 9,671.46 U annTnaRFuNUMITLAIeNT 3 Weuadld 11,400.77 uw
Andu 50.10% vesuyuNMTUUAINoUUFUUTY TedunumsvudaUsiusamiiusendald iliaunsodislenialu
nsandunulunsvudaasdiodiuilslunsiadsdudnles
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nMsAnwIIamIAsgIUiNaFeuisuNan U TROULAzA TN sA R UL
vosununnadaUingAy nsdiinuuIsnkanyatuly

STANDARD TIME STUDY FOR COMPARISON PERFORMANCE AND COMPENSATION
IN RAW MATERIAL TESTING DEPARTMENT CASE STUDY UNDERWEAR
MANUFACTURING

NIU Nud1T 19y
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Zannisdnnisladafind auemalulagenainnssy unausvfgnssuas
*anr3nmsdnnisladafnduasdnnateis anguInseIna unnInendesiangny

Kawin Pinsamran®, Jirawadee Intakarn?, Rungrawin Tangchai®, Sarinya Sriintakid*

Utumporn Yoosuk®
1'S’L‘Department of Logistics Management, Faculty of Business Administration, Thonburi University
2Depar’cmen’c of Logistics Management, Faculty of Industrial Technology, Phranakhon Rajabhat University

*Logistics and Supply Chain Management, Faculty of Business Administration Rajapruk University
E-mail: 1pinsamran@gmaiL,com, Zjiravvadee.i@pnru.ac.th, 3’rungravvinfah.tah12?>@gmait.com,

4bovvbasl405@gmail.com

unAnga

WeoideslTfnguszasd 1) Wefnwinamnsguluwaunneaeuingiv 2) Weisuifisunans
UftRnuuazmsteaneuuwmuluunmageutagiu nadAnuuisvranyatuly san1sinw nud nsvuaunis
nagouTmgAudinannasgiu fui 1) nszviunsmeaeui 61.84 wifinetu nszurunmaaeugnlsl 40.90 e
T wanszvrummadeugUnsal 25,54 wiitdetu ieiFeuiisunantsUfoRnuiarn1sIAIneULMLTB WKL
egeuingAudounad 1 iwou wudl JuseaninmnisuiRinusesas 97.27 uasUssdnsn1mnisinernauwnu
munansUFTRusnIAmeuwnuiiTeata fesar 2.73 MnsamsfnuviliuTEnnsdinuanusayssiiuna
nMsURTRNY warnsTreAneuLuvemnay Jeaglduselovdlun1sdansenaedn nMsMauKUNSHAR 1T
Usgiliusunu N15AIUANALNULIIUl
AMEIALY: N1SANYINU 1381195911 Useliunan1su iRy nMsInedmauwnu

Abstract

This research has objectives 1) To study a standard time for raw material testing department. 2)
To comparison the performance evaluation and compensation in the raw material testing department
case study of underwear company. The results showed that the raw material testing process had a
standard time as follows: 1) The fabric testing process was 61.84 minutes per piece, the lacy testing
process was 40.90 minutes per piece and the equipment testing process was 25.54 minutes per piece.
Comparing the performance and compensation of the raw material testing department for the past 1
month, it was found that the efficiency of work was 97.27% and the efficiency of compensation based on

the performance was lower than the compensation of 2.73%. From the results of the study, the case
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study companies were able to performance evaluate and compensation. This will be useful in scheduling
production. production planning cost estimation labor cost control.

Keywords: Work Study, Standard Time, Performance Evaluation, Compensation

umin

{Jawumﬂmqumﬂisumssuaaau"l,aumwummu amamﬂsiumamLﬂumaaﬂiumﬂwumamm
Aean1suarian lnglanizdadesiuusennu Wesnndnauusiag ﬂuwnwv ANUNEIBN AIWALLAND At
anmwindenlumeiaufidteu ilfnsnususaraiuguilden dafu nisfinyian (Time Study) wients
Famaa (Work Measurement) Wlafuamnannasgiuvesminnuiadubesiiurauladmiunisussgnandn
nsAnyelulsaugramnssuiiegng seiliteifureyanesgiuluiunidsenu fausotilslumsnony
AIAU MIMLNUNIINES wazn15areAmeuwulniuntinanuls [5)

PnMsAnsdymununnegeuingauresuTennsalfinw nuidagduununnaaauingAulonsinands
(Productivity) idiazAraaaaaniigs (OT) Faanngiinaniimasundslifinnsimuainaiwazuinsgiunis
Uity vilifiaueinlunisauauuagyszifiunanisu fURau (Performance Evaluation) Anun1szuil
fvun {35u3afnw1a1u (Work Study) wazdnvinaiuinsgiu (Standard Time) teiU3oulfisunanisufian
wazmIteameuuulukunaaeuTngiu waraaluinnsguufoRau (Standardization) SeayliUsslemilu
N5TARITINITHER NIFINUHUNITHER NITUSTIUAUYL MIAUANAUYULTINULA

(Y 3
WgUsTaA
1 Wefnwanuasuluwnunageuingiu
2 wiawSsuiisunan1sufiRnuuaznisineanausnuluLRuNaaaUIngau

nqufieata

N IuNTIednma TnsnseuuiAnvesnisidsegnelingud il

1. N15AN®19U (Work study) M’%@ﬁi{fﬂﬁ’uh%alﬁmw nsdnwnIsedsulmnagiian (Motion and
Time study) aneis mafalumsieseituneunisufdinuiiordamuiliduiuenn wavassmisnisieud
Fitanuazisafiaslunsufofnudu q fednuimeuiulganesguresiinehonu anmmsvinueiesdionis
7 waznsfinaunulivhauseBfigndes nsvmnannesguvesuwasmsUIMsuHUNsTeRugdlassuuig 4
vioBndenisnsfnunudenisinsgituneunsiauilldlunisiels 4 detnguszasd Tunsududsa
Uszdnsnnlunisvinnu LLasLﬁai’mmsgm’lumiﬂﬁﬂ’aamﬁuLﬂwmammg’m%‘ﬂm Fawinanudildumsgu
anusavhauduld e luldaiausnunisiiernouimusumnzanuazglaliwinnuiinanuiiiniuinsgu
(3]

2. NIV IAININTFIY (Standard time) WailiFundn Work Measurement e msfunmailuns
vhausasgudmiundnauildfunsfinuniud iaouidmessanuunineldaniwiouluiiduely
L’Jm‘m"LmuauLﬂummmﬂumimmuuu q Fsagliuszlomflunisdnnnsamsde MINUHUNM SGH N13Usziiu
Fuu NMIMURRLYULTIULAYEY 1 Fansdnannanasuiinanden fil 9]

2.1 wienedsnuavesnugesiitudinly

2.2 MANIUNALAAIUAINEGRS

nauni@ (Normal time) = atade x AUsELUALSY (Rating Factor) (1)
2.3 AUINNANIATTIUIINGRT
1AM (Standard time) = 1Ia1UNRA + (IaUnF x ToeazA1Ee) (2)
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3. N1SANUIUIIUIUATIVBINITIULIANVDILAAZIIUERE TneiualanIaanuRanainneausulaminiu
+3ouay 5 (Kanawaty, 1992) Tngyinnsduiaiusazanugay (N) 911U 10 AT LAIFLIAIUIMTIUIUASIN
Wiaswamsfnwinuges (n) mugasi (3) [1]

n=10/NYx2— (¥x)%2 /¥ x (3)

uIudeyauiatavensAnyauges
= $udeyaiiudisgnreanisAnyanuges
X = namdulaluwsiazass

=Z O

A1 n fignnalddentesnimdewiniua N LLama’hﬂ'wLaﬁamaqnmﬁiﬁ’ﬂumiﬁwmua&ﬂmha"l,:iLﬁu +5%
YDIANATY [7]

4. n15UT2AUdAs15IA28 35 Westinghouse System of Rating Hutumewiiieriinisusziiudns
ruwssndnaulunsufiRan 4 dnu leun 1) inwe (Skil fe Anuaiunsalunisiauniuimug 2) A
wene (Effort) fie nuddlalunsyieu 3) anuasiiaue (Consistency) lunsiauusiazseu 4) anmiandon
Tunssha (Conditions) fie Aiegjseus Tuanuivihandifinasenisyinnu [4] famsei 1

A15797 1 enseaziunlun1sUTENRsIANMSINUIT Westinghouse [10]

yinwe (Skill) AUNE18U (Effort)

+0.15 A1 LAVRETEN +0.13 Al LAPRRTEY
+0.13 A2 +0.12 A2
+0.11 B1 fiun +0.10 B1 fun
+0.08 B2 +0.08 B2
+0.06 c1 A +0.05 c1 A
+0.03 c2 +0.02 c2
0.00 D \de 0.00 D il
-0.05 E1 wald -0.04 E1 wold
-0.10 E2 -0.18 E2
-0.16 F1 msUTuUse -0.12 F1 AITUTuUse
-0.22 F2 -0.17 F2

dninuandenlun1¥neu (Conditions) AMUELEND (Consistency)
+0.06 A e +0.04 A e
+0.04 B fan +0.03 B fan
+0.02 C A +0.01 C A
0.00 D Wl 0.00 D Wit
-0.03 E wold -0.02 E wold
-0.07 F AITUSUUTS -0.04 F AITUSUUT

dievihnsUszdiuliezwunlussasdadeisouiosud diadldsudiiu 1 wazpaudiiu 100 Aazlden
U5EANSAINAFYINIU KFDA19MIINNTVNNUIBINTNNUBARLAUNYININ1SUSEEY D1ATbARAININNTT 100 kEAIIN
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winuauturOulaludnsfisUng widadesflatesndn 100 wanadwinaurnauladinnan wlng ey
403l (@)
AUSEELANIEY = (NasuAzkuuUsyiuksasdady + 1) X 100 (4)

5. mamnAiialnaT (Allowance time) uwisoaniu 3 dau dil (6]

5.1 nawiledmiuduyana (Personal Allowance) lunaieifielimtinauyinAadiuaity luseain
&afte futh BaduBaanadudunaduyeeatutiasunsatiludausig 1 lastufvanminadouuasainues
o1 Taevhluudrazegssninaiosard 5-6 5 uslugnamnssuialusinduunlififesay 5 vosanieutoun
fedulu 1 Yumndnawhendlu 8 Hluafuvdewindu 480 wit afinardiuyanail = 0.05 x 8 x 60 = 24 w1fl
AifioduiuduyaratienausuBeulumuaninuandesld Wy ve3 Mundel (2017) Tanuiletufuanimuanden
13l

Comfortable condition 23 Y7ine i
Warm condition 30 Y7ine U
Hot, dusty, noisy 50 Y7ineTu

luanmsndonvesnsinnisadelmifadanmmaiauiideutned anfloduyaaailfgnudamndy
nsn 15 wiiilueadh way 15 willurSsinenieritnazifonininfussmuniuliuies

5.2 aniedmsuanueien (Fatisue Allowance) fenanifledmiuanumilosdiiosannisiau &
Tnendnnsudlihouninvienuundendesiienumiiosdnfntuiisdu mieniaanauenlunisiny
yhmdlumsvhay anandoning audieinsia fafudedmiumiuaisaiutseenituaesduie

(1) AnilanuaIenitugu (Basic Fatigue Allowance) ilusnasiidwiunuih 4 1 asdnns
ussnusEMIeUsEIMANTe ILO (2018) lémunliisesas 4
(2) Ailoanua3eauUsiu (Variable Fatigue Allowance) &sazuusiuldmudnvazaulaun

38U vimnsmsvinuiiiaund dutniinerih anmuandeunsihau anusmnvesny

5.3 aifiodmsuauadh (Delay Allowance) rsanineraidaldlunainuanssuuuuiauuuninides
1§/ (Avoidable Delay) uazuuumanidsdlils (Unavoidable Delay) dndupnuandniindnidesldviomsziinen
nsaslanseviriiazliignminananlunisdanannesgu wididumwaidmanidedaildfasgniananlums
MIIANINTIIY

6. nMsUszidiunanisujiReu (Performance Evaluation) fie nszurumsiitfuimslifiansamanis
UfThnuresminauiminnuitRoldlussiule deSeudeutuinnsguiiaeld imﬁ”’ﬂﬁ“ﬁayjaﬁauﬂﬁmm
wineuievhlinsUusnsuiiRemilsivssansamanndeiu

Tne3nnsUszifiunanisufoAnuitanad13avesnuniofngUsrasdiundn (Result or Objective
Based Approach) {udgnsUssifiunanisufoRnuiidaUsziiiunanisufoRnuremdnaiulusinadifvesnu
ainguszasd nieitmune uiennsgiuiidivunly Taednazdseifinluguvesu3unm quam et vie
UsgAnsualunisujuaau fitannsUszifiumunasiu (Appraisal by Result) n3eildeisandnodrandein
“Management by Objective” %’ﬁﬁaLmmamiﬂﬁﬁ’amuLﬂummsﬂumiﬁmim nsfiansanaz A dedananudu
win uwiagliddaieisnianseihvesusazau diuiinisussidiulaeldiuedlnenss (The Direct Index) 33§de
vdnmsusziulnefinsaninanuifisaiuied lifiasanaudnuuy vienginssuvessumsussidu wWesw
mmﬁmasmuﬁ%ﬂmaLﬂuﬂfjméfa%ﬁlﬂuﬁal,am (Numerical Index) iitelddm3uiananuvosiumise dumnis
il Aoty saan1sue seaiudidaiuld Wudu wagdmiuiinmsussiiulaesuisutuansgiunis

v '
aada a vaa a

UfURanu (Standard of Performance) 33%azueman1sufuifaunlaasuniiasandiesuiisuiuidmngi
Muualiamin [2]
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7. M3318AMBULNU (Compensation) Ap n133gliiunsinemu enaseniduaisnmseluseudls
RuAane muneds Suitaunuldsu Tnefenasisiuudludinay mdwesiuamudalasihny duduiou
1w selEildsusEaluuunailindeouadumusuaudalushaou ioswunands lneunftueg iy
S¥EIAINTYINU [8]

BnsAliunsdy

N133AVLIaNINTZIN kazlUSe UL uRNan 15U URNULAZN1TIIEAINDULNLYR N UNNAGRUTARAY
fupoumssiiunaive deil

1. MSANEINIULAZLIAIVBINTZUIUNINATBUINGAY 2 nn1sAnwdoyaanmnisvieudagiu v
TTdeyanedunnszuIuNTINY IIUnTnuUsEd Ussavuedingiu Ussavnssuiunsvedey ans
mMsuandagu Shsmananifuimsaants utufinnaivesnszulumsmaasuingavasuuuuuresutuiing
fdeeanuuu wasiuduiinnaimenniniiinea Imaﬁwuamﬁwuaua%&lumﬁunawaqLmazmuaiaamuqmsuaq
Kanawaty (1992) qmﬁ (3) uwagUszfiusnnnisyhauremdnaunseaus? (Rating) FrusyuLTLIERugnd
(Westinghouse) fuaanaigas (4)

2. MIAININsgIUN1sURTRMY ansinandunanisaliaderean1svinnuanisund uage
Usgifiuanuid Awamdnaiundanngnsd (1) wazthiermnaiunfunduusuiuananilengidedmua
983 Mundel (2013) wag ILO (2018) LLasﬁwmmmL’Jammgmmﬂqmﬁ 2)

3. Wisuiiguran1suUReuuaznsineamaulnu 31nn1511L381819 5518 U URuA Y
dasmandasofuiudiiansinusi Wewsuiisunaimsvhausuiudmneiguimsaanisiofu aw
nsUsuidINIsHas (Fruauninauiasainiat (OT) wiagJulimindu) wagAuIumInIsTAINBULNUATLLIEN
Msvhaus WeSeuiisunisseaineuunumunanisufiinuiasAneuunuisieeis Taslideyalunns
AnnpiuaziUisuiisudounds 1 dou aetuil 1-31 unTiAN w.A.2565
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4

L4 NAFDURN o nagauaunsal

ugen Y Y o nagouanldidu o
(Fuazdgnlid) ¥ (MY %9 Uaze )

1 LB 3BTy Ansetunureunndou

2 Fadutunureunngou Fadutunueunngou Test Washing

3 9n Shrinkage Test Washing Test Perspiration and Water

4 Test Washing Test Rubbing asunaneasy

5 Test Rubbing Test Perspiration and Water

6 Weight g¢/m? asunannaay

7 Test Perspiration and Water
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a Shrinkage gilesidusdnnn
9 asunanneaay
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7l (3) nsfunaiidwandld fo 17 ads fedu HiTeTatmuanisiunausaraugendu 20 a%s Gsnaiaainig
vhauwesminanuiidnwaziiifunndesiuluauanuannsalumsinuvemidnauudazay Anaiadoves
NM3auUNR uwansfanIsed 3

A15799 3 LARILIAALANNITALAALAINAITIULIAT 20 A5

U LIANAILNA LIAELNA LAELNA
day NAHAUAN nsaliage | vedeugnldidu | niseliede | wedauaunsal | n1saliade
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INANST 7 LANIATFIUVDINTTUIUNTNAGDOURT UseNaumig 9 :ugae Laun WwIsntuy Faudu
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DEVELOPMENT OF FUNCTIONAL BEVERAGE FROM BANANA MIXED WITH HERBAL
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yox uiuee Aennszdsuua unznendnyiu Tnefignssunuuiluiegisaiuay IindnSusiiomn 5 3 nans
Uszidiunmuamnsszamduia wui indeshuanndeth aunssiieuussdinsuuuauvoudud ndusanas
savIfgaiian wenanidmuinaiesinnndei haaunssisuuasdaanumdunsa-saiiaasidy 2.5 wasd
USinmunsanangsiigaivinfu 0.18% UsinmansUsznauitusdnsioun uazantinisduds DPPH radical gefian
Taefiewiniu 73.32 me GAE/100 ¢ uas 278.15 mg ascorbic acid/L anuddiu i3ashuii 5 & ﬁuaﬁﬂummﬁa
fudnwiflgmad 4°C 1Wuszeznan 12 dUawi wuin Ssnaiiuiunugaunid Wulumudedmunvesusznie

N3ENTNEsTUEY 2t 356 W.A. 2556 (304 IedosRtlunvurUTITR

Ffrddny: indesaniiogunm ndaethi axulng

Abstract

Kluai Namwa is a traditional Thai fruit. It has consumed as fresh fruit or processed products.
Unfortunately, a ripe banana has a short shelf life. This research aimed to develop functional beverages
from banana mixed with various herbs to extend their shelf lives and to create varieties of beverage
colours. From the study of appropriate formula for beverage formation, it was found that the highest
overall liking score was the beverage formula with a ratio of banana pulp and water of 1:4 (w/w) and
sweetness level of 12°Brix. After that 4 types of natural food colours, including Pandanus Palm, Sappan,
Roselle and Butterfly pea, were added into a prototype formula which was used as a control group
resulting in 5 different beverage colours. Sensory evaluation results showed that Roselle-banana mixed
beverage was the highest scores in terms of colour, odour, and flavour characteristics. The Roselle-banana
mixed beverage also showed the lowest pH of 2.5 and the highest acidity of 0.18%. The highest total
phenolic content and DPPH radical scavenging activity were 73.32 mg GAE/100 g and 278.15 mg ascorbic
acid/L, respectively. In addition, 5 formulas with 5 different colours were stored in glass bottles at 4°C for
12 weeks. It was found that all beverages exhibited acceptable microbiological quality according to the
Notification of the Ministry of Public Health entitled “Beverages in Sealed Containers” No. 356 B.E. 2013.

Keywords: Functional beverage, Banana, Herbal
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T-LEVEL H-BRIDGE CASCADED INVERTER FOR RENEWABLE ENERGY SOURCE
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uneriiiauedueined 7 seiuriineT-UInTuUUAAARTERA T ULVAT e NI LUNALNY 2995
Tg8uesines 1 wa vliney-usnd 913U 3 90 sieounsuiu dwduvidnihuaislniinssuansaigliiu
funesines 7 sefuriaev-uind Jauvasinsusiazyauuuusndaseiety 2eesmunulimaianisaunuuuud
sudagduleisiafinlunisaivaunsainduedunesines Mauaunisinuldvesaussananadyyunia
(DSP) LUas TMS320F28335 saufiulusunsu MATLAB/Simulink fuiadyaaiidudagiduledesnin 12 dyayia
2sasansaadeusaulnihduaeenyiniu 180 Vp ilefnunesiuanuiisusniuedinsuve sl
on cieifldnissiassmehnulaelusunsy MATLAB/Simulink Wilefudunannassaininiosduuuuiiasnatu
AEIAY: BuBSNes3, BuLBilNasnausTAUTTAEY-UIAILUUAAIANLYEE, UsaUussatanady g afdva,
WSS I UNALIY, ALENE LT Ie TN TN

Abstract
This paper presents the 7-level H-bridge cascaded inverter for renewable energy source. The
inverter based on 3 H-bridge single phase inverters that are separated is connected in series. The inverter
is supplied from the dc source. The control circuit using Sinusoidal Pulse-Width Modulation (SPWM)
technique with PD for controlling switches in the inverter. The control signal generated by Digital Signal
Processing (DSP) #TMS320F28335 processor with MATLAB/Simulink is provided for 12 SPWM signals to
output port. The 7-Level H-Bridge Cascaded Inverter can generate the output ac voltage 180 Vp from dc

voltage source and can be measured the total harmonics distortion (THD) with varies modulation index
(md ) The simulation results obtained from the MATLAB/Simulink program have confirmed the proposed

circuit.
Keywords: Inverter, H-Bridge Multilevel Inverter, Digital Signal Processing Board, Renewable Energy Source,

Total Harmonics Distortion.
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», Over Modulation .-

Region

THD(%)

20 | Linear Modulation Square Wave

10 4 Region Modulation Regoin

0 0.33 0.66 1 3.24

Modulation Index(ma)

29 15 nsmanuduiusseninedsinisueganiumanuiisussuetingiu

GRIEGREL

unAnuiiiaueduesines 7 sduriiaov-uinduuumanaaddnuumaa e ndsnunaumY 2993
l$9asduneiimesvilanauinivisedunesinesioy-uiadudesunsuiu 31U 3 ya auvidnldunasdnelni
nIzuansILsazIRUULENdasERail aesmuanldinadinnsaiuauuuuiisudagduluidafidnuieuauns
alduesauszuanadugufdta wes TMS320F28335 Taufulusunsu MATLAB/Simulink axléifiuinile
naasuUiuAdiinsueguananatossaunn ilisedunssiuliihduresndaunntu ussduluihdqsen
diasnndy wagvilieranuieussueiingy (THD) fartiosad osinsuussduliiduanesntndifssty
suABulwtinN Ty 2easFusuUanIaas sl dumeanyinfy 180 Vp smamguiitie
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A STUDY OF KINEMATICS AND MODELING OF INDUSTRIAL ROBOT ARM USING
MATLAB
g3y winiisy Anfay uuvidszam wawusuns 319y
NAITEAUNNTAIUANSNLLIALAZNITIANITNGNY AW TIVTIFAINTTUATOING ALIAINTIUAIENS
WMINEEENAULA T YIAANTUNN
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UNANED

nsineusukazdnUsraunsallifudiToudilan1sviauve sjue Uil uNagREIMNTIUAMELUUTIRBS
roufiazasfiotfjoRnsefinnnudrdyediaunn fufuanuideifeifnguszasdifiednuaaumans ludrmin
FAUANAATNARY KATNITATIUUUTIADMUEUALYUNARAAINNTTUMEIUTUNTUABNNIADS Lnan13atiueull
3 fuppufie duneuusnifunsairsiunuuusuduaunadiassiitl 5 unudaszielusunsunouinnestae
ppNUU Tunaudeluadiamindioniiusnundnnisvesauiinuazeunuiuin uarldlsunsuuunuaufuyis
aauuUaewIaumanejusuRuTUNG LartunaugaTedunIngndeungneoUTIADg
memMaUTeuiigun1suansaa i uiaUaskrunaseninlusunsuukaUiulusLnsuABLIWme ST It 0B KUY
wuhuuuSeesfiaatuanssasiwitaswunawiefulsunsursfmestiseenuuy Seflsedunis
uansnaitu 2 Yamafon wamssundanugniesauysal uenaninmsuanmaresuuuiaesiiadistuanngn
\Wudensaeuaiiousislitudizeulddnmadennilee

ANEIAY: YUBUALIUNADAAIMNTIN FaumansluTmtl Faumansunidy Miasakuuinaewiueus

Abstract

Training aims to provide an experience for learmers in order to understand how industrial robots
function using simulated robots prior to performing with the one in real world is fairly crucial. Therefore,
this research is conducted to study forward kinematics, invert kinematics, and robot modeling using the
widely used software, MATLAB. The study consists of three steps: (1) to create a simulated 5-Degree of
Freedom (DOF) robot arm using computer-aided design (CAD), (2) to transform the transformation matrix of
the robotic arm based on the principles of Denavit-Hardenberg and MATLAB Simulink has been used for
kinematics modeling, (3) to validate the model by comparing the end-effector (EE) display between the
results from MATLAB and CAD program. The study finds that the created model renders the position of the
EE which is consistent with the result yielded by the CAD. Furthermore, with the two-decimal-points display,
the result is found to be more accurate. Finally, the displayed results from the model can be used as an

effective virtual learning tool for the learners.

Keywords: Industrial robot arm, Forward kinematics, Inverse kinematics, Robot modeling
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unin

gnavnssuvjusuineldnguanannssl (The New S-Curve) vesussmalngannnsivasudiening
gAgREMNITL 4.0 iTuindeusaindesinsuazszuusalufAfiviuaivessiusuduaunaiidmmaununislyd
LIIUINIYWE ARDAIUNTHARNUIANTTNYRUBUALIUNAgRa TN TTUTILFTUS (Sensors) WloSuddura fnaq
saufumaluladnisiFouiveundosing (Machine Leaning) vivlviiusudiinisindeuiisulieafuayud (Rahul,
Ankush, Ashish, & Ajay, 2017) Fapnuimthveanaluladaiolvidanandsdutiu wssnuasdesiinswaun
aussauglumsvhauiifianug (Knowledge) uagsinwe (Skil) Iumiﬂﬁﬁ’ﬁamﬁqaﬂﬁu (Thanyrat & et al., 2021)
fuduesiidsddyediunn Woduhdduiadougramnssyluowian

vlvinanganitunisfnuimuivdngnviefiuniisnafeudifuiy sudsdandngnsszesdud
aonndosiundngasnsuiiannifonssny nsenssussodliifuin@nvuasdauladunGous Weldanuiuazdn
UszaunsalliugFeudlalunanguiiidendeulosnnuiidiunisanuqunshnuresjusudieunisay
nsfnwmienounsldasdieUfuRautuyusuiuuunagramnssuaie uwimnanufnuilifagiasivuoud
wrunao1vildifissmsaoulunianguiidosusiniy WuderalifiFeulifnnnudilasssliifunina i
\Boulosmudszminesnangud (Theoretical) AunAUftR (Practical) Famnviamudauidlaetaduaiogli
\RndunsesediSourieiinmnudsmesosusuiuaunagaavnssuiiisiadevimniegals

fatugidevoiauauuiminisaeudisdeaiiounssionisuszgndldlusunsuneuinmedtasluns
sonuuuTiuTUsunsuwmuay tievhlsinsfnwaaumand sauflanisaauuudiaostanimanisnunusiium
yosUaneuruna fusznoufnsaiuuuuiusdlunagnavngsy mafnwaaumaniludhah saumans
KR WagMILARINANIAIUANLIUNG Tanuadiagyili Fousasdauladinemajusudidlanisdimaniuau
usudurunaiasiuld

(% s
WUsEEA
LHOANIIAUAENTUDI UL UALAZ AT UUUTIADIUARNINANTAIUANLYUNG

A5Adun15Y

wielAlFuuusassiianansonanmanisauauaiiousse fdfumssniums 3 duneu fo 1) msads
AULUUYUEUALYLNADAAIMNTTUTIARY 2) NMTANYIVNREUAIERSIATNITATIMUUTIAIE NS ULERINANITAIUAY
LIUNG LAz 3) MIATIRABUMINgNFowaIUTaesias sty Tnsluutastunouissandeadwieluil

1. M3afaiubUU e UALIUNARRAIMNTTUTIADY

nuATsatuiihiauenmsaviusuiurunafelusunsuronfiame ftaelumsesnuuutudueiesinana
(Computer-Aided Design, CAD) 31n#au#Auas SolidWorks mmsmmsﬁuw%mﬁmummmLLazé’ﬂwmmaMwuﬁ
lanuaudean1suseainsalnan (Download) AukuUuEURgnaInITNaINdersoaulal (Farial, 2020) lng
vusuduyunagaamnssusaesiidnyiuiindose (Articulated Robot Arm) M8 ULUUIIINBLYBTILYY
Usenausiglasienyu (Revolute Joints) Msauwnuvyudase (Degree of freedom, DOF) 31uu 5 wnu (5-DOF) Hu
ANEIAUIINGIU (Base) W30dIUAZL87 (Waist) 53lua (Shoulder) Toman (Elbow) iauwvu (Upper arm) wa
Foilo (Wrist) Saufamsimundienianisuyu daamdi 1
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Upper arm

Wrist
"‘ End-effector

3 axis :,e"" z

Lower arm —

)

| —— Shoulder
2" axis

(+)
Waist

AW 1 YUBUALIUNATIABILUL 5 UNuBase Inwansuas SolidWorks

2. JAUAMERNT LAZNITATRUUUTIABA
TudniiUszneude mfives saumansvomusuduaung LagNTAS UL IaIENTULARINANTS
AUAILILNG WiavduilTeasBeadeludl
21 W13518na5veIvusUAkYUNa (Definition of Robot arm’s Parameters) U HUAKYUNE
gAEMNTILTIABY 91NN 1 thaudau (links) 1Usznau (Assembly) Auwuueunsu (Serial link) 3331 6 Fu &
M157997 1 N¥auTEYNISAN0ST (Parameter) AUNANTTVDUAUIINUALINNULUIA (Denavit-Hartenberg, D-H)
d115UN15AN®INI9aUAIERS TULUINILABIAUIIUIT8UD Y (Varhegyi, Melik-Merkumians, Stelnegger
Halmetschlager-Funek, & Schitter, 2017) ‘vﬂ,mmLauawwmuLmaimawuaumamammim ‘iu ABB IRB 120 @+
sz aufuusudnidnvuzdessly 2 sUuuy Aeuuuderenyu (Revolute Joint) Auuuudeseidouiin-oen

v
=1

(Prismatic Joint) i Tnemnsfiaed wagnnsfvuafiemavsunusnsdamionsousnsds (frame, 3J,) fifsil

1. Yasievyuvisounuryu (Joint angle, €,) Aa yuseniawny x,, i X, ﬁmuiammu z,

2. Fudruvunaiiies (Link offset, d.) fo syspvinesewinaunuy x_, fu x, ienuuny z,

3, e miudausauna (Link length, a,) fio sremifossewivnseudnede ., fu 3, ifeeuunu x,

4. Fudruurunadn (Link twist, o) Ao yusEviauNY z,, AU z, fivuseulnu x,
Tnedidvios (Subscript, i) L?Mﬂﬂﬂgwuﬁué’ﬂﬁmﬂu 0 MU FIN5197 2 UoNANENNIAINUARANIILAL X,
y waw Z fing 4 4o fie 1) Foaneunu z, munnunyuvestosiouruna 2) Maunux, Wiminfuun z,, 3)
AvuawNY Y, Aungievdn (Right-hand rule) Wag 4) WUBILNY X, fAfvunnude 2) Aesdafuluinn zZ,,
(Intersect) Fannd 2

2.2 9auenans (Kinematics) nunefian1sAnwianuduiusseniniininnsvyuvesdedenie) (Joints

Coordinate, g ) AuRfnmain (Cartesian Coordinate, p) %ﬂLﬂuﬁug’mmadmﬁﬂ‘lﬂ’]mam%mﬁwmmi‘vjuauﬁ
ilaszy dumil (Position) A31F7 (Velocity) A1mL3e (Acceleration) wagkian (Time) vosnisiadouiidiuuane
wvuna (End-Effector, EE) Tagliifiansanussiiuinseridonvunanioussiitinainnisiadeudivesuaunates
MMsANwIRaUIERS Il 2 @2 ABN15AS19EUNTIAUATERS MDA WaTNITILATILINIENNITIAUAIERIEBUNSU
IﬂEN'1uﬁaaﬁuﬁﬁumiﬁﬂmaaumam%lﬁaszqﬁwLLMﬂ&maﬂﬂWiLﬂﬁauﬁdauanEJLLeuuﬂa whifu
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A15199 1 AMNENIVRITUIULIUNG (Link distance)

Links Parameters Distance (mm)
Link 1: Base or waist - -
Link 2: Waist to the shoulder ds 480
Link 3: Lower arm az 500
Link 4: Upper arm as, 145
Link 5: Elbow to the wrist da 445
Link 6: Wrist to the end-effector as 220

15799 2 D-H msnilwasvewjueud 5 unuBassiazyiensvyuasase

Joint(i) 0.(deg) d;(mm) a,(mm) a,(deg) Range(deg)
1 0, d, 0 90 1180 to 180
2 0,-90 0 a, 0
3 0, 0 a, -90
p ) ) ; " -90 to 90
5 05 +90 0 a; 0

AN 2 UNUSNBBIUEUG

2.2.1 9auA@ns k191t (Forward Kinematics, FK) 1188901591 A18 idaUanenaunaty
FEUUNAARIN (Position: p, p uag p_) wazviImIaveslatgwyuna (Orientations: 0.,0, wazd.)ann13

Avuayunsuyuntenasieg lussuufidndedd Ingldnsuauuninieniius (Homogeneous transformation
matrices, 7,") faaun1s (1) waz (2) (liukhin, Mitkovskii, Bizyanova, & Akopyan, 2017) ¥nl#au1saunuAInig

Wasumuniseninansaudedwngu (Base frame, J,) aufisdulatsuvuna men1saaulasunsneniug

pNsfuIUTeRevyuY (Joints, i) AaunTsh (3) Bawanisuuaaun3nlunanil 4 uadfl 1, 2 uag 3 vedaunisn (@)
LEPIENNNTENSUATUIAYAWALSANANdIUUa18wIung Asdunish (5), (6) way (7) AuaInuy
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We O =cos6,, s6, = sin0,, ca, = cosa,, sO, = sina, cb,, =cos(0,+06,) uaz

50, = sin(0, +0,)

i-1
I =Rot, ,Trans, ,Trans, , Rot,

63

c, —ca;-s6, sa,-sO  a -cO
i _ R™ p™| |56 ca;-cO, —sa,-c6, a,-s6, o
Colot 0 sa, ca, d,
0 0 0 1
[c6, 0 —s6, 0 s6, 0, 0 asb, _c63 0 -—sts a3c63_
70— s, 0 6, O 7= —cth, s, 0 —ayxt | 72 s, 0 Oy a0, |
o -1 0 4 o o1 o [ 7 lo -1 0 o]
i 0 0 1 0 0 0 1 10 0 0 1|
[, 0 s0, 0 —s0, —cO;, 0 —ays0;
s6, 0 -6, 0 cd;, —sO;, 0 axO
]:‘3 _ 4 4 : T54 _ 5 s 5CUs (3)
0 1 0 d, 0 0 1 0
0 0 0 1 0 0 0 1
TR
0
By Fy Ty Ds
I = PLTTT ey @
i T T3 Ps:
0 0 0 1 |

pgx =c0, (a2s€2 +d,c0,, +a,50,, ) +ayct(cO.cl,, —s6,c0,50,,)—a,56,50,56,

P =50 (4,56, +d,c0,, +a,s0,, )+ a0, (cO,c6y, —56,00,56,, )+ a;c6,56,56), (6)

0
Ps. = 0,C0, +a;,¢,; —d, 553 — a5(5,005 + 0,,¢0,50:) +d, )

2.2.2 @um@nsdounau (Inverse Kinematics, IK) Mu188aN159IANNNITULUVDITRHD

#ine Tuszuufitaideds snnsimuaiitalasusunaluszuuiitain wasimeesasiouna fuawil 3 fae
AEmsleszimaeimasuagin (Geometrical Solution Approach) autumew fsil

- mamaundedenyud 1(6,) 13ua1nUTuNNesIeUEUANAIUT1e (Side

o

. ) ' as Y] . . . l—l Y a a 9] 1Y)
view) NUNISUIANNISLUAUNUNINEDUNEU (Inverse Transformation Matrix, inv (Tl. ) AINLAUBIDIN 5 YDUNAU
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o v o d  dv o 0 o o Lo Caw A Y ad 4 o T
HUIYILNUDNDIN 4 ‘VIEUEW]@‘W;,I‘L«! (T4 ) AUNITN (8) LWDUIATNLAUINAANLAUDINDIN 4 LNYUAULAUDINDIN 0 NN

Tianunsarwineyudanoyui 116 dsnnd 5 deaunisi (9)

B K T DPay
0
X V- |2 V- P
T40 =1nv(T54)T50 =T45TSO _| T T2 T 4(1))/ ®)
By o B3 Py,
0 0 0 1|
6 -atan2(p3,. py,) ©)

P [P, PS, P5.]
R:[0..0,.0 ]

o

AWi 3 NssEyiiiaLasinnwesUaguung

A 4 anangiuiiveuEuALYLNg AN 5 NINNEAUUUYBIUBUALIUNG
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- msmAyudedenyuil 2 wag 3 (6, wag 6;) MNVUINNMLITVIAGINTEININT 6 1ng
ldAnmeasaiwmue (7, ) d1u1mruInseegsenIneunue1eded 4 iguiuknueedan 0 :naumaeueie

ﬂgmaﬂﬂiévu (law of cosine) LLauﬂgmadeévu (law of sine) fsaunsii (10) wae (11) Audy AR WIUIAY
Toranyun 2 uay 3 3NANNN (13) wag AU (14) puddy

+—acos [P 7 {|A4]

]

(@ +(h)~{| A

= 11
B, =acos 2ar)(h) (1)
1 .
_ ‘P4‘ _gin” l,sinf,
sinfy,  sinp, szn,B » By =sin ‘ pi‘ (12
0,=180" -y, - f (13)
0, =180 —a, -, (14)

- mMsmAadesenyun 4 waz 5 (6, uay 0y) MINVUIATBIINWBIATUALUILNU1BA

= a 1Y) Y a o . o a 1% ac v & @ ~ & X = 9
5 WEUNULNUDINDIN 3 (| 5| ) AININUsENOUN 7 PIBNIIAULUNINLDNNUT ASAUNTITN (15) muiummagma

sovuil 5 lallfogfiyuaudasa viliaunsadmunmeyudedonyud 4 uag 5 l¥anaunisii (16), (17) uag
(18) aweeiy

7 =TT (15)

B, =acos (d4)2+(a5 )2_(‘]9%‘)2 (16)
2(dy)(as)

0, = atan2(p;,, ps,) (17

0; =180 - B, (18)
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d,
ATNA 6 YUIANIUSVIARAVDILIUN AN 7 YUIANIUSVIAIAVDILIUNS
WAUDNIDIN 4 WIBUAULAUD19D9N O LAUDNIDIN 5 WIBUAULNUD19DIN 3

2.2.3 N5a319WUUT188991NToNARITABLTILABTUTELANTUTUATUGIEAUIUNITAINTTH
(Computer Aided Engineering, CAE) 1y TUsunsuuuniay (MATLAB) a1glalusunsudasuunuauduyded
(MALAB/Simulink) 1i1anUszendaaglunisuanssanisaauauvazgaiunu (User) wouna i 2 funeu fle 1) n13
diddunuukaznsaiedinIseuay uag 2) MIaNaLUUassdmIULAAINANTIATIZINs9aUmMAnS
1. mshdduluuLagn1s@InIsAIUAN 13U1NANTONUUYUBLALIUNATIADITE
Fruuuuusus Tntutheenfuuuy (Export) 21nlUsunsa CAD thid (Import) glusunsuuunuay (MATLAB) ua
ahumsdainsmuaudausunmudealnezunsy fnwd 8
2. msaduuuasanmanisiasizivaumans uialu 2 diu fe dauusnilunis
Funnraumaniludnah Buanmsaiisudendesvesszuu (Subsystem) AsuAangld (Usen) aann1sliou
Asansuyuesdarotis 5 (6, - 6,) Saufuufonsliauumuauileddu (MATLAB Function) finigluussqaunisan
manslutrath fanmil 9 uazdiuiiaondunsiiesgidaaumanidoundu eulasdounduainszuuiite
anvesUmsurunandulufusgunsuresderoris 5 fannil 10
23 N19ATIAABUANYNABIVBIMUUTIRDIVULUALIUNA
aunsaaumansluiramhlddunamidadidmansusuna (End-effector, EE) 2nmsszyammns
wyuvestoreonig q wazlumenduiunmslinseiaaumansdounduidunmsniauunsvyuvesdesei q (6,
0,.6,.0, way 0,) Mnmssvyriifnfidaulansurunauasyinmavesusuduaung Faumansiiaoiidudau
ddydmiunsihludssgniainsdmnunuvesiusudignanssy fidufiensasounnugniesesiuuiiaasd
a%9tu Aadeldnsuananavelysunsy CAD wnun1sldusuRgnaIvnssuase (Shah, Osman, & Zainuddin,
2020) FaMneFDUILITYANLNIIUYEITasians 9 Iifuuuudaes dsnmil 11 uaziiudeyanisuaninads
1397 3 (huaue S1uau 4 gedeya) andavan 10 gadeya WeFeudisufunmatanmaanuuusiassves
susuduunaiiaistuselsunsuusmuay deld
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Transform

f(x)=0

In1Conn1

Theta1 WAIST

Theta3i
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q3)

In1 Conn1

Thetad

67

Q

END-EFFECTOR
(EE)

Thetab

Thetal(af) Theta4(g4)
Theta2(g2) Theta5(g5)
] [ | I3
AMNN 8 LqumwuaaﬂlﬂazLmiuwuaum
Theta 1 X-Axis
Theta 2 . . ) ) Y-Axis
L »| Joint Space  Cartesian Space & Orientation 367
20
]| o — — 2, Z-Axis
]
Theta 3 6, —» — p?.
30 > - & — Forward —_ P Theta-X
g Kinematics (FK) — 0, C_71]
Theta 4 | 0 — — 0 -
0 —» ¥ Theta-Y
40 5 — 0
[, -
Theta 5 - Theta-Z
5-DOF Robot arm Forward Kinematic
- 150
dl [ a 6 ¥ 4
AN 9 LLNuﬂ’]WUﬁEJﬂﬂ’]'ﬁ’JLﬂi’]gﬁf\]auﬁ’]ﬁﬁlﬂﬂ‘UNWUW
X-Axis
s Theta 1
Y-Axis
267.44
Cartesian Space & Orientation  Joint Space  |—» Theta 2
Z-Axis [
L» 2 —
51114 . — 0 >
o B, —> — 4 Theta 3
Theta-X ph. —>| |Inverse . 9‘ L >
712 | 6 —»| |Kinematics (IK) 3
g — — 0, Theta 4
Theta-Y 3 — — 6,
: —»
o : . Theta 5
Theta-Z Inverse Kinematic 5-DOF Robot arm I 5
150.2

2T 10 BHUANUEINNITIAIIERIAUAIERSTDUNSU
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ANA 11 MsSEYAYNMSTUYestariane o nelulusunsu CAD

A5 3 NISUARINAYDIUEUALIUNARNINNITIFUANN TV UTDITDRDANS 9

Y NSUEAINAYRUBUALYIUNAAITUTUNTU CAD
YnYUa . e
1 3 (BN SolidWorks)
ql | o ql | a5°
g2 | 10° g | 15°
g3 | 15° g3 | 10°
g4 | 30° qé | 60°
1,2 a5 | 20° a5 | 50°
ql | o ql | -45°
Q2 | -10° qz | -15°
93 -15° ;| 415mm g3 -10° | 313mm
¥ | 38mm 1| -113mm
q4 -30° Z: | 1428mm q4 -60° ;| 1419mm
3,4 a5 | -20° a5 | -50° "

WIYINN1TTEUNUN TN LVBILABL VR DV UEUAKYUNAR UL LIS BUT DB JAIVANEINITA
Ns1ud e UedIuUane (EE) laluswnsy CAD (SolidWorks) Aen1siaanuunnafide Evaluate 3nn1uLE®n
Measure yihlvmausuidluszuuiiinain (X, Y wag 2) ieuiunug9a8yignuvesiueuduaung
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wUUTARIUBUALILUNAREA N TINNaT1aTY Insadunisly 2 Fide Ao 1) nswWSeuiisunisuaniua
MIAUAENTSENINUTUNTN CAD AUKUUTIABT KA 2) WUUTIABINITAIUANUDIUEUAKIUNG
1 MAUTHULTBUNMTUARINAVINIAUANERS

1.1 wuudnaeaumansludm aT19aeuANgNARIMENIAMUAAYNN1TYUYeITasar1e 9 (Joints
angle) audayamssdl 3 SruAuMIAIMUAALULEY (random values) Feflaiduvadlusunsuuamuay “randi”
sy 10 yadioya (Ting, Hairi, Zaman, Ibrahim, & Moubark, 2021) fsan519l 4 mﬂﬁ'?uﬁwmiaagamwywum
Fosorng q Jouaswuusiass fanmit 13 n) mudisu

M13197 4 Jeyan1snadeularnanisAIuA1Raumanslutm

n1332YAINg LY (User input) NANTSATUIMYBIMUUTIABY (Output of modeling)
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N1FHANINAYDILUUTIABIEINITOUANIAIRARAIUUAIEUYUNALAEVITNINVDILVUNG NTDUAUUAAINTN
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v Px Py Pz 9){ 9}’ 02 91 92 93 94 05
" 711 38 769 43 80 132 0 10 15 30 18 0
711.2 37.7 769.2 43.4 80.1 131.7 0 10 15 30 20 1
2% 382 589 770 100 40 128 45 15 10 60 50 0
N 415 38 1438 43 80 48 0 -10 -15 -30 -19 0
’ 414.9 37.7 1438.4 43.4 80.1 48.3 0 -10 -15 -30 -20 1
g 319 -113 1419 90 80 52| 45| 5| 0] 60| 0| o
210 920 640 79 99 136 | 108 | aa| 21| e | o
° -210.2 90195 | 6307 | 7190| a85| 1364 | 08| 44| 21| -a| 36| 1
=371 320 927 123 37 75 150 -20 48 34 -50 0
6 -371.0 319.7 927.3 123.0 37.3 74.6 150 -20 48 33 -50 1
-420 -455 371 129 119 127 -129 28 53 15 -45 0
! -420.0 -454.9 371.2 128.9 119.2 127.3 -129 28 53 15 -44 1
. 248 326 598 or | 118 151 | 135 | 14| 54| 31| 28] 0
-248.3 352 | 5981 | oro| 1182 | 1508 | -135| 4| sa| 32| 28| 1
317 442 283 % 80 168 | 126 | 32| 46| 15 3] 0
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wyuna 6, wag b, LHeRINAININNARINAFRUIINNITUAALTINIAINARUYRINITAWIMEDAAd U (Ting et al,,

2021) wag (Hemhirun & Tanpradit, 2022)
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Abstract

The objective of this research is to apply the direct power control strategy for LCL-
filtered voltage source inverters for the balanced three-phase connected grid. The proposed direct power
control method is a power loop control to direct the power supply to the balanced three-phase grid of
electricity. The current loop to control the electric current for a fast response to steady state. An active
oscillation reduction strategy is also included for the LCL-filter to reduce the harmonics of the output
current connected to the balanced three-phase grid of electricity. The simulation results showed that
direct power control for voltage source inverter with the LCL-filter and using the active oscillation
reduction connected to the balanced three-phase grid of Electricity at a voltage of 380 V at a frequency

of 50 Hz with a power supply of 30 kW to the system. The Pl power regulator can accurately control the
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power supply to the balanced three-phase grid and accurate in approximately 0.025 s, the harmonic
distortion of current and voltage is averaged 1.92% and 0.1% respectively. The harmonic distortion were
26.21% and 3.30% respectively, compared to the absence of an active oscillator. As a result, the
harmonic currents are fully subject to the requirements of the IEC1000-3-2 standard.

Keywords: Direct power control, Voltage source inverters, The balanced three-phase grid of electricity
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THE TRENCH CHANNEL DETECTION WITH IMAGE PROCESSING FOR AUTONOMOUS
BOAT WATER SPRAYER
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mATeildhauesruuiitieuidymnsiimeesdesnludilusesanlneliudndadunisnsiaiu
youIAvasTasthlumumMaNuIFie MIIsEUULLTEWITY (Machine Vision) snysgananani ileniduuun
maasiesauisnuineuaziurnlaensldauunndsesiviveniuazveuiu deldnmiuenihiuiufes
ANLNIOMULITBUTBITNFUEIBY (Channel Line) ieldlumsmaafanansainnisinfuveuuiveunasios
1 fuduwnszuu (Horizontal Line) wangqidu vlmanuuaduiivnavessesaiu (Trench Channel Guideline)
wuduihmstiazuenfefiemsesiesaiu uaztuldlumsdunumomninedeuiivese deyassmiazds
soludsszuumunuiilieannsnndeuiinasdedumaidelfiesnlulf
Mdfy: MsUsznanavanm, msthvnadaluifiveae, mviusuiiteany, sos@unisinuns

Abstract

Trench Channel agriculture is one of the easiest ways to manage crops in terms of water
resources. Watering the crops requires the management of human resources which waste in human hours
and labor cost. To reduce the waste and cost in human labor, boat and pump are integrated to be an
equipment for watering crops in the field. This equipment be able to drive water in large quantities and
efficiently. However, it still need human to maneuver the boat in the trench channel. For the intelligent
agriculture, the equipment should be able to control autonomously and possibly to plan and manage
without human control.

This research introduces the system to solve the autonomous navigation problem by using
camera to detect the trench channel via machine vision by using image processing to determine the

trench channel. The concept is to separate the trench channel by using difference color of ground and
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water to get the left and right trench channel lines. By using the intersection between the trench channel
lines with the number of horizontal lines, the channel guideline can be calculated, which describes the
direction of the trench channel. By comparing with the reference center point, the degree of maneuver
can be determined and use as the command that send to the control the boat to maneuver
autonomously.

Keywords: Image Processing, Autonomous Boat Navigation, Channel Orchard Mapping, Trench Channel
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Abstract

The shipbuilding industry is one of the most important businesses in Thailand. Recent reports
have indicated that the rate of maritime transport in Thailand continues to grow whereas the income of
the shipbuilding industry in Thailand has decreased. It implies that the loss in processes occurs. The main
objective of this research project was to indicate the loss in processes and solve a problem. Computer
simulation (Flex Sim) and on-site survey were used to solve this problem. Six weeks were used to
implement for new process design. Finding from this current research project revealed a lot of work in
process were occur. The most of work in process occurs in the process of cutting steel before welding the
keel. Moreover, work in process was damaged by rust. After implementing the new process, Results
showed that work in process decreased from 7.8 percent to 4.8 of the orders. Values of Loss of steel from
damage from rust and loss were also decreased to 192,000 baht for the medium size tanker. The detail
and limitations of this research are also discussed.

Keywords: Shipbuilding industry, Work in process, Line balancing
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Abstract

This research aims to increase productivity and reduce production costs by solving machine
breakdowns. This affects the production cost of the sample company. The study of the problem uses 3
real theories and theories of why the cause of the problem is the problem of the spring, the packed
valve set, and the defective snipe valve set. Make the machine produce waste. As a result of the loss of
productivity, the researchers made improvements. The point that causes the problem is the spring jacket,
the filling valve, and the snipe valve set, resulting in a loss of up to 80% of the total syrup. The
researchers revised the machine parts patterns and set new standards in machine parts and had
stakeholders monitor the operational process for greater quality and efficiency. After improvement, it was
found that it can reduce the problem of loss. From 9,354 bottles/month. The sample plant can reduce
losses by improving by about 90%.
Keywords: Filling valve assembly, Snipping valve
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e = P
Overall conclusion: 1ATassNINNAaNUULAMIUNTIHER WARAWHTIIUIA 360 ml. 430 ml UAE 515 mi.

AN 14 ddiunswiby

NaN15338N15UTUUT
Uszinudgniniosdnsndnvands noun1susudss S1uau 9,354 ¥I0/ifiou #301,866 ppm LaznainIs

USuussdunuads 1,232 vaa/Afeu 3o 200 ppm Fan il 15

Defect Pareto Before
nstwwaslanaavindavdnsiliia Defect S:H310 Nov -Dec’21

thHuIeDefect U§u1nschn:hu1c|sg'1u (PPM)

a0 100% 100% 100%
3,000
2573
2500 %
b
a
G
2
2,000 1866 "g
3
a
5
L3
a2 39 25 2
Labeller  Depalletizer Barcode Packer

E=ATWOUDetect  —<—% JIUDU Dafect 3:aU

[~ ] . Defect Pareto After
b E nswwaLslauaaolnsavvnsilfia Defect l@audDIADU S:HIW May-Jul'22

PPM
3 8 &
8 I3 8
b
Jan-22 || I
|
L2TY W—
|
w |
Mar-22 I 8 I
|
Apr-22 | —(| § |
|
wz @y
I
|
] I
|
N |
N

5 &, =
; &
Poid
ag% 100% 100% 100%
92% 0
1000
mn%’agawé’amnmsdi‘uﬂ;«wu‘h LLmTﬁmzm'nm‘sﬂ%’uﬂ‘;nuamé‘a%‘uﬂg& AnRY 7::‘
a4 ¥ so00 65%
]
ohadaias g amaalszan
Taanui g e 90%
] i %
*  faulSinlss =1866 PPM 3
. u‘ 2 400
* wwindiuilyy =636 A
*  wAslSuilgeuasdnriianasgim = 200 PPM 200
]‘57[ | 127 | Be—y T [ °
4]

Filler Laballer  Cappar Packer  Dopallatizer  Codar Barcode

=AU Defect  ~@—% WU Dafect 3:3U
Al 15 WisumeuRan1sUTuUTe

anUs18HNaN1SIVY
NAINNTTNAGBY LAeN1SUSUAsUIUINEUSY arTudiuresausands deaunsatinunsluusuldly

a 4 \ Yy o

NSTUIUNSHARNTTUEIUAG A

Vol 6 NO 2 Jul — Dec 2022

a5%

80%

5%

100%



Journal of Science and Technology Thonburi University 119

v
UDLAUDLLULY

INNsAnwITen1sUTulsaiieandyviasesdnsnanvends ane1nsalsudendivssqivuinaly
wingay wazgaaiiunditigaiinszuaunisuanasesiuiidnauussyuinnatainfinszuaunsnand 5 1Julula

agwraLlaauariiuseAnsamsautanisiininensuywdliduauaziinuselovlaan nsalfnwiuiendiedi

q

o ¥

(AReildalauauuysial
1. {aRINMSKARNARAIATeRY edmelvigulna FlananfelsesnnnIn iienauaueInIy
ADINTUATAIIUAINNIIVBIGNAININTIER

2. annsauszenaldvannswagngeiainariansulanmsianautansdaweuludunssuiunmsaue

3. pwiAnRIUIYVNSAAnwAIT e malulagiesesdnsiviuadelunsndnunldinedesiu nsayde

wazLNaLUSEANTANILUNSYINUANINNTU

LONET819D4

[1] Ainviaind Y. (2563). Aﬂ?aoﬂa@Mﬁ?W 7 ¥iA. http://www.eng.mut.ac.th/article_detail.php?i5=50

[2] doUuiUKaNEALAR. (2563). nuAWhy Why Analysis. http://www.ftpi.or.th/ download/seminar-
file/P-talk_nov_2011.pdf

[3] au3us Snwsesa. (2559). nMsAnwIkLAmIMIUsyvdandsey nsdifine: Usonunens (meuaus) $1ia. 775
Useyu3vINIsYIesINIAINTIUNGAFIMNIT 7-8 NTNYIAN 2559.

[4] 3 933 %39 3 GEN. http://www.japanese2u.com/2014/11/3-gen.html

[5] wua nORsMIaL. (2559). Msanndnfasiunnsesesnsnaniuidesdusylagldiaiesionanm. N1y
Useyu3vInIsYIe9 I IAINTIUGNTINNIT, 7-8 N.7.2559.

[6] guWS WNWAS LA aigun3 auanassA. (2556). masmeads lunssuiumasdnviosaiiiulusosusd

nslAnYY UTEMHARTUETUA. 015U INTYINITYIEN I IAINTIHGNFINNIT, 16-18 §.A 2556.

Vol 6 NO 2 Jul — Dec 2022



