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ABSTRACT

This research uses time series forecasting for raw materials purchasing planning. The
objective is to explore how to reduce the discrepancy and to find a suitable method for
forecasting the purchase order to use as a guideline for improving the company's raw material
procurement process. This research has collected purchase data from May 2020 to September
2022 to find suitable forecasting techniques. The forecasting technique used in this research
is 1. Moving Average Technique 2. Single Exponential Smoothing Method 3. Double
Exponential Smoothing Method, and 4. Winters' Method to find the value with the minor
discrepancy (MSE, MAD, MAPE) by using Minitab to analyze the data. The results showed that
the forecasting technique with little error for calcium carbonate, stainless bars, and stone grit
material is the moving average forecasting technique. For round grain raw materials, it found
that the forecasting technique with the slightest error is the Winters' Method. Compared to
the planning purchase of raw materials, the results show that the error is less than the planning
of the purchasing department and can also reduce the difference between the forecasted
value and the quantity ordered, resulting in the ordering process. Purchasing raw materials can

order raw materials with more precision.

Keywords: Time Series Forecasting, Order Planning, Forecasting Techniques
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2.2 ngufn1snensal (Forecasting)
2.2.1 AVUVEYRINTNEINTAILlUNTHER

msnensaidumanisalifedtu amdosnsluiduduaznsuinisvesgnin el
ansnsafwuaimanglueuandrmihidlutsnalanamieiy Tnserdedeyaluefnutiely
MsiRzivsinaeudents Weldlumsdadulalag Tnefenudifyvesnisneinsal (Seas
Fundane. 2557) dail

(1) AuNIsVY

T¥dmiunismnnisalanudesnsvesmsgnaiiefiazimuaUiinansee uiodimiy
msilddudmanevessenvisveusasdud

(2) AIUNITAIVANNITHER

'
L2 a A

Wi ol @S UL UA I UUNITUSNITNISTANITAUAIAIARILAENITAIT 9 na AU Lol

q

Y = o

SngRvdmsumsudaiivsinametunsldau Sndsiesinsuimstiinaaumiiliiiesnedmsy
nsvelnedosihduyulunsinfvaumeseddieglusefuiivanzauundisdsde
(3) fun1TRuUkaENITUYT
dielddmiuluteyalunmsdnaiissulszinavioszanumssmuintu
(@) AUNSUTIMINTNENTUYWE
dielydmiudaasssnuveminouliifismesunmsadeaildduiduniameinsallfdu
pganluLsaEY1IaT
2.2.2 ngUszasdluniswensal
(1) elfifudoyalunisindulodmiumsndn mInaunumsonaznusuiiade
AMIUNITHER
(2) islideyalusindmsunsamanisainudesnislunmsnausunisude
2.2.3 Usglgwvaanmsngnsad
(1) Hedusaimmuanisldminensaiafieglutlagiu
2) vlivthsnuansadamnineansdug wiy
(3) Teluaunisnunuasiaununsideudssann
(@) hanlglunsnunuliulgemanisnisue
(5) HrelunsieunudaaiunsImue
(6) afuayudmutimsnaaliiidiunarlfiduaiosolunisdaudmnelunsduiy
nanssu

(7) wiunsUszauulunIsuImsveiesiigg
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252 ﬁhLaﬁmaammﬁmwmmé’uyid (Mean Absolute Deviation, MAD)
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2.5.4 Sovazvoinuianalalaag (Mean Percentage Error, MPE)
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3.3.4 wAdANINEINIaaITENITHUUnANTE (Winters' Method)
Tudumeunsinanuuiugilumsnennsel sgldmaiiansindeiu 3 viade
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MAD = | X, — Fl
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2) ANLRRAYYBIMURANAIANNAIEDY (Mean Square Error : MSE)
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1
2
3
a
5
6

5U# 3.1 n15l9A1ds Decomposition

Wantene Composition kanidu Mldenyadeyafifein1snazinnsiasieiiuges
Variable nsan¥asgamainiu 12 luyesreds Seasonal length model type adintden Multiplicative

, Model components pantdan Trend plus seasonal a1ntupaniaan OK

c (=3 a c cs (3 a ce co €6 c11 C12  C13  c4 €15 Cl6 C17  Ci8 Cl9 0
ot

o wn

5U# 3.2 n1snsendeyaluninging Composition
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\Wiansendeyasiieg NldUsEnauMTiaTIEUsellumuuung nsaiualusunsue

o & o &
mmmu,azLLamwaaanu%ﬂmwmﬂugﬂLL‘UU@W

Time Series Decomposition Plot for simaing
Multiplicative Model

32000- Variable
—&— Actual
32800 I
# - Trend
327007 . Accuracy Meazurss
f MAPE 04
326004 /N MAD 1305
MSD 333807
Z 32500
Tl
=
W5 32400
32300
32200
32100
32000

Y

5UN 3.3 fIeg19nsuanItans1vlA1 Decomposition

31n3U7 3.3 Wsunsu Minitab anunsafivzuansiuilduvesineinsaluaga1insanay
IAFITFINAIVRIANUAANAAEDUL 3 A1 AB MAPE , MAD way MAD
MMIMATMITITReSNLTlUNIINEINTILUUAABUT (Moving average) Stunousmaliil

1. Ualusunsu MINITAB = 1&eniy Stat = Time series = Moving average

eip Assistant Pracictive Analytics Module - Additional Tooks

WY
v

UM 3.4 n1sidenilandu Moving average
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2. 1ilanieing Moving average wanslu MildenyatayaineIn1snaeinn1siasiesily
odVariable nyanTuIuYATayaNIvudATIEiluTowes MA length (WuMMUATY 3 1Houn

AMUUAAIALUTIINAU3) NUUEBN OK

JU# 3.5 nmisldrmnsilimesluileidu Moving average

3. wilanseandoyanieg Nldusenaunisiasizriuseidadnuuneinsaludlusunsy

Auwnazuanmasenulussnuluguuuuil

JUN 3.6 nsFwnLarkanNasenuluTeay

91n3U7 3.6 1UsUNTY Minitab anunsanizianiwuiliuvesdmensaliagaiunsanag

IATILFINAVDIANUAAAAADUL 3 A1 AB MAPE , MAD way MAD
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4. prsnansadwmesin oldlunisneinsaluvuienluuuuideag 1 ni 959 (Single

exponential smoothing) JvuneunmelUuil
a. \UalUsunsy MINITAB = Lﬁamm‘g Stat = Time series =2 Single expo smoothing

31]17; 3.7 ms@enilandu Single expo smoothing

5. 1lanteina Single exponential smoothing wanidu Mldenyadayanfeinsnazi

NTIATIEWIUYD998Y Variable wazadndas Optimal ARIMA wielrlusunsumaimisiimesing

aRlUITR NUWEeN OK

=] a ca cs <6 a

olmawmal o

g'ﬂﬁ 3.8 mslaamisdimesluilendu Single expo smoothing

6. Wansendeyasine NldusznaunsianenusellamnuungInsaiuddlusunsuay

Awnkazkanmasenulusenuluguwuudail
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Ei gk
i
®

32558
32621

32084

JUT 3.9 msdwinLazkanmraoanuduTey

91n3U7 3.9 1UsuNsY Minitab anunsaniszianiwuiliuvesmmensallagaiunsonay
IAs1EIIAIvRIRNNAAAAARULA 3 AN AB MAPE , MAD way MAD wazazlaauoanifuianngiu

283n15USUs8U (O)

s dmesildlunisnensaliuuenluiuudsagia@ssnss (Double exponential
smoothing) Hvunausraluil

1. Walusinsu MINITAB > Lﬁammé Stat = Time series = Double exp smoothing

JJJJ

1
2
3
4
s
6

5U# 3.10 msidenileridu Double exponential smoothing
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2. 1flonti919 Double exp smoothing wansdu liiienyntoyaineinisnagyiinag

Y

AATIZRlUYeY Variable wazldonaey Optimal ARIMA ialilusunsuniAInIsilmosingsnludm

nUULEean OK

e | o | s |
. | |
(4] [+ [=] c4 (=] (=] (=) (=] 9 1o o €2 €3 4 €18 ci6 7 ci8 €18 €20

32569
32633
3255

32669
32284

31]17; 3.11 mslaamwisdimesluilendu Double exponential smoothing

3. Wansendayanie Nidusznaun1sianeiussidaminuune nsaludlusunsuae

Auwnazuanmasenulussnuluguuuuil

Navigator

| couse Eanersatsmooming 0. B
xponential Smoathing for éniie

Smoothing Plot for Auaths
500
- J
- 1l
o -I"
' ::-,J. - _"ll e
#t A
20 bl P4
il
00 . -1 -
o
e il
. <1 @2 (=] c4 cs 6 <7 (<] (=] cio (1] (4F] €13 14 €15 c1é €7 cis c19 o
Ll
1 e
:
: s
4 wen
5 32663
& 32

JUT 3.12 MsAwinLasianinaeenuiuseay
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91307 3.12 TUsunsu Minitab ansnsafiszuanauualduvesdmeinsaluazanansaioy
AszvmAesnLnatnaaauld 3 A1 Ao MAPE , MAD uaz MAD wavazlamuweanniiunaindau
gaan1sUsuTeU (Q) fuAunsusifinnanadiuvewusli (y)

mMsmmnimesildaulunisldinaianismeinsaluuuggnia (Winter’s method ) 3
Fumeusiusioluil

1. Waluswnsy MINITAB > Lﬁammé Stat = Time series = Winter’s method

Ul 3.13 nmsidenileditu Winter’s method

2. ileideniungninn1awesds Winter’'s Method liidenyndoyaiidosnts Jinsizven
wuulugesiiuus Variable Tnsfasnsontanaatluaia Seasonal Length 1w 3 iilosa1ndaanis
AAT1ErTayaluyie 3 1heu d1uYesves Model Type \dondives Multiplicative way Additive
dmsunseuvesngudoya Weights to Use in Smoothing azidu nsfiviunm1 wean wazius et
MnMsTIINweslumsiasEiluy Double Exponential Smoothing Method @zt
wldileffy  Excel Solver  woslusunsu Excel  Tunsmendielfifudnusuiey sntuden

OK
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=
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Fle Edi Data Calc Stal Graph View Help Assistant Prediciive Analytics Module Additional Teols
e e Xsdl =] e

Navigator

Winters' Method x

| = o s, |

o | s |

e | o o |

(4 (=3 a ca (<] c6 (=) =1 «© cio o 2 <13 ci4 ci1s5 16 ar c1s 19 €20 ~
et
1 32569
PR
3 32558
«  wen
5 e
6 32484
b +_Workanet 1 ‘

3.14 niheansendeyavesds Winter's method

3. TuRUlUAILIUNITINAN Seasonal (Gamma) AeNanT Excel solver Uadluswnsy

Excel

3.1 i9en Objective laglvinvuaian MAPE filentaeian

3.2 fuun Cell w03A Gamma lugas By changing variable cell wiarfuunlduandi

Wasukuadla

3
L]

U

=
7

33 uundeulaluges Subject to the constraints liiAsaus 0 89 1

3.4 Solve lvilusunsuAuIumiAl Gamma Minlvilaan MAPE Ndfeeiian

Solver Parameters X |
Set Objective: sisal *
To: O Max O Min O Vvalue Of:

By Changing Variable Cells:

$IS6 +
Subject to the Constraints:
B
Change
Delete
Reset All
Load/save
@ Make Unconstrained Variables Non-Negative
Sglectasolving | GRG Nonlinear Options

Method:
Solving Method
Select the GRG Nonlinear engine for Solver Problems that are smooth nonlinear, Select the LP

Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver problems
that are non-smooth.

Help solve Clgse

3.15 NUe19HanTu Excel solver
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4. \flensondoyanieg NldUsznounTiesenuszilaminuunensaiudlusinsuay

o [ o &
ﬂ']‘lJ'JﬂJLLﬁSLLﬁ@\‘iNa@@ﬂiJ']LUUi’W?N’]UiUEULLUUﬂQU

JUN 3.16 N3 IMKARIAIINNTIATEILUY Winter’s method

IN3UN3.16 1USUNTU Minitab @13130719uanL Wil UaasAMeINTILA AN TNy

AMwInAIAUAaIAREsLEeNUTlE 3 A1 Ao MAPE , MAD , MAD (MSE)



uni 4

NANI538

nnsAnelaeldmsuuneInsallunisiesiz Wnelaudinan1sinsizvnlaainisdnw
TUSsuiisunarldauauaseiudiesnde TngnanisiuseuiiisureskansInsal fausd 1iou

NOBAIAN W.A. 2563 — AU ueeu w.a. 2565 azlanaansassiolull

4.1 wansnszviuaznensallagldlusunsu Minitab ¥aengdu CaCos

(1) wWamsIATIZYY CaCOs fnEs Decomposition

Time Series Decomposition Plot for CaCO3
Multiplicative Model
13200

Variable
? —&— Actual
Il —B= Fits
13000 I f 4 - Trend
A “\ p /1 /
P | TA [ s | Accuracy Measures
! \\ RVERN ul Hl._,‘l‘ Pn MAPE 13
/ .. LTS SRTEAT WA IS ol MAD 160.4
[ e B AL !
___5\ = ! K’_‘_. +_g\\‘\..xﬁ‘!.—\4».¢%\‘_*ll NN YT MSD 438754
:‘_’f‘.-o—':‘”"".‘l ﬁ .\-0:“ $‘ v | A I| \. i I‘ . |‘ .-'I
126001 :.\.__f S Y ‘I. | / III /
| ; (I | I/ /
> (I | ¢ :
|
12400 |

128004

CaCO3

12200 |

12000 Il

3 8 9 12 15 18 21 24 27
Index

JUN 4.1 wan153ATIERved CaCo; M35 Decomposition

NFUN 4.1 FUANRULEAUTINIUNTET0939 IHuFuAUNUAIYBINITHEINTAIUSI
nsdsgedunluedn WudWsiwnuaivaawnlduusinunsdd@edun svdunglainindmeinsal
= o &4 a v a & o [ a v o Y oA I
vosTinumsdwedumiimtuadudnuarlidugluuubuyng U duwwnldy (@dden) sy
P o = Y a4 A X o 2 v o =
dunsalidnuasiuunliliviomuiuisidndosuasidnuusliduggnia

(2) wan15ATIERVOe CaCO; P85 Moving average WUU 3 Liou


https://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%84%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%A1
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%84%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%A1
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%84%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%A1
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%84%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%A1
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99

132001
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12800

CaCO3

124001

12200

12000

12600

Moving Average Plot for CaCO3
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Variable
—8— Actual
—B—  Fis

# - Forecasts
—&- 950% Pl

Mowing Average
Length 3

Accuracy Measures

MAPE 13
MAD 1673
MsD 418959

15 18 21 24 27 30
Index

JUN 4.2 Han1TIATIeNves CaCO, migTs Moving average WUU 3 Lo

a Y 8% a o v A a Y o ! ¢ a o &
"\]qﬂzﬂﬂ 4.2 L @UAUNSULNUAFIGDRIY LEUALAULNUAIIINAITNYINTUUIUIUNTHIRD

AuAlusfs EUAWYILNUAINNNITNEINSAIUSUIUNTEITDFUAIUBUIAR LAUFUIILNUTDULYA

YIATNEINTAUUTUIUNITA 1T 0T UAM 1T0UAUATTOUUY  AINUAINTUT 4.2 aglaradny

AanapAeulaiuTUUSIN A& Teasasal MAPE = 1.3 JMAD = 167.3 MSD = 41895.9

(3) Wan1TLATIERVDT CaCO; A1875 Moving average WUU 6 Liou
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12800

126007

CaCO3
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12200
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Moving Average Plot for CaCO3
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Index

Variable
—8— Actual
—®- Fits
# - Forecasts
—&- 950% Pl

Maving Average
length &

Accuracy Measures
MAPE 13
MAD 163.1
MsD 464743

JUM 4.3 Han1TIATIEYes CaCO; meTs Moving average WUU 6 LB

INFUN 4.3 EUFUIRUWINAEITRTY EUFLANUAIINNITNEINTHIUTHIUNTA T

Aualusfs EUAWYILNUAIINNNITNEINSAIUS UM T DA UA

MUBUIAR LAUFUIILNUTDULYA


https://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%84%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%A1
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%84%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%A1
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%84%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%A1
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99
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9LATVBUUY A9 UINTUN 4.3 Aglar1Ady

[ £

AanaLARB B URUUSINUAd oS aiail MAPE = 1.3 MAD = 163.1 MSD = 446474.3

(4) wan19IAT1ERVDY CaCO; MEAS Single exponential smoothing

Smoothing Plot for CaCO3
Single Exponential Method

132007 Ak 4 Variable
If —8— Actual
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Index

gﬂﬁ 4.4 HaNITIATITNVBY CaCO; MIID Single exponential smoothing

q' Y oo a o v &  a Y ' ¢ a o &
ﬁ]’]ﬂg‘lh/] 4.4 L@UAUINULNUANENTDRIY LEUALAILNUAIINNITNEINTUUIUIUNITHIYD

AUPIUDRH LEAUALYILNUAIDINNITNYINTAIUSUIUNTEIROFUA LB UIAN LEURLIINUTDULINYDY

ANEINTAIUSHNUNTEE

' [
o v A

o eUAUUIUIUAAITD 95

94U MAPE = 1.4 MAD = 176.2 ,MSD = 53504.9

FUATIVBUANKAZYOUUY  MIUINUN 4.4 aglarmaunaiamdou

(5) Wan1FIATIZIVEY CaCO;5 fE5 Double exponential smoothing

Smoothing Plot for CaCO3
Double Exponential Method

13400

A —8— Actual
13200 g ol
- Forecast
M —A- 95.0%PI
i
12000 [\n Smoothing Constants
allevel) 0393103
12800 = yltrend) 0114397
=
s} Accuracy Measures
MAPE 17
% i
G e MAD 2088
e

124001 ®
122001 ®

12000

MSD 722855

JUN 4.5 nan153ATIeNYed CaCo; 77835 Double exponential smoothing


https://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%84%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%A1
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%84%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%A1
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%84%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%A1
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%84%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%A1
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99
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NFUN 4.5  FUEIIRUUNLANE TS EUALANUAIAINATSHEINTAIUTINNTHTD

AUAUBDAR LAUATYINUAIDINAITNEINTAIUS LI UNTEIRDFUA I UBUNIARN LAUALILNUTDULIAVD

Y o
v a Y o !

ANEINTAIUTUNINTHTOFUAIVBUANLAZIRUUN  AILURINTUN 4.5 agldrmAnuaainintiou

Y
o a o

ilodeufuusinafd@easadal MAPE = 1.7 JMAD = 208.8 ,MSD = 72286.5

(6) wan1TIATIZIVDY CaCO; M5 Winters’ Method wuu Multiplicative

Winters” Method Plot for CaCO3
Multiplicative Method
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Ul 4.6 WanTAATIZIvRY CaCO; feFB Winters” Method Wuu Multiplicative

~ Y o6 a o o A a Y | ¢ a o X

INFUN 4.6 LEUFUIRULNUAAWRIT WUALANUAIAINNITNEINTAIUTINUNTA T
AuAlusfs EUAWENUAIINNNITNEINSAIUSUIUNITEITDFUAIUBUIAR LAUFUIILNUVDULYA
YBIAIMNEINTNUTUIUNITH W AUAM IV UA1MALVOUVY  AIUINTUT 4.6 azlaAAly

AaALAAEUL BT U UUSINUAE 095w ail MAPE = 1.8 MAD = 230.7 MSD = 96381.8

(7) wan15As18ves CaCO; A87d Winters” Method wuu Additive

Winters” Method Plot for CaCO3

Additive Method
13600
13400

13200

13000 ! " I}

- AN

) (Y A

12800 ?\ '/' . 1"\ -‘.\‘\‘ ) q‘i '\‘ !
[1 \ Rl [m \

12600 "- / ok !\“ ! \/

12400 \ i

CaCO3

12200 { A

12000

UM 4.7 #an15IATIENYes CaCO, me3s Winters” Method Wuu Additive
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MAPE MAD MSE (MSD)
Moving average 111 3 1AoY 1.3 167.30 41,895.90
Moving average L1111 6 1AoY 1.3 163.10 46,474.30
Single exponential smoothing 14 176.20 53,504.90
Double exponential smoothing 1.7 208.80 72,286.50
Winters” Method 1111 Multiplicative 1.8 230.70 96,381.80
Winters” Method (111 Additive 1.8 230.80 96,459.30
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Moving Average Plot for Stainless steel cut wire
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Winters' Method Plot for Stainless steel cut wire
Additive Method
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MAPE MAD MSE (MSD)

Moving average I 3 1hou 6.1 154.00 34,737.00
Moving average L1 6 AU 7.0 177.00 39,775.50
Single exponential smoothing 7.3 185.40 50,097.40
Double exponential smoothing 8.3 206.60 62,409.10
Winters’ Method (11U Multiplicative 8.4 208.50 67,143.50
Winters’ Method U Additive 8.3 207.20 65,518.70
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MAPE 542 229 2.78 475 297 3.40 330
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Trend Analysis Plot for Stainless steel cut wire
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Smoothing Plot for steel grit
Double Exponential Method
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Trend Analysis Plot for steel grit
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15190 4.8 LUTIUNYUATNEINTURNNUN 3 L@auf\nﬂLLNUﬂ"\]ﬂsﬁ@ﬂ‘UﬂqWS’]ﬂiMWVL@"\]qﬂﬂqiﬂq‘UQﬁJ

lnglusunsu Minitab vesyataya Steel shot

qdcl o
A5 UM INIINTU
- & o , Moving Moving Single Double ‘Winters’ Winters’
Aoy UOATNYOVI | pgawennyal
. 2 |averagellUU3 |averagellUU6 | exponential exponential Method 1111 | Method L1
VINLAUNIATD u u
Ay [ smoothing smoothing Multiplicative Additive
#.n.-22 2800 3000 2833.3 28417 2805.5 2905.77 2814.86 280823
N.9.-22 2800 3000 28333 28417 28055 2940.12 29593 2964.4
§.A.-22 3000 3000 28333 28417 28055 295446 300257 3008.9
MAPE 4.76 265 275 229 343 2.10 2.15
AANURANA A MAD 133.33 77.78 80.56 68.49 97.14 5891 60.51
MSD 26,666.67 10,000.22 9,513.72 12,635.14 10,964.93 8,534.64 9,058.10

NANT1T 4.8 WAAILALTAUINAIANNEANEIA LI UNITNEINTAIVDIIS Winters’ Method

WUU Multiplicative agliiA1ANRANAIATIUDENIINITHEINTULUULANUDILHUN A
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Folardauaynii

Wnsnensaluudue ladnunfny duudmiunisdideingiu Steel shot F9a1u1501135N13

WYINTAUMUU Winters’ Method Uy Multiplicative snlgaulunisiunudsdale
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31]17; 4.36 n519IATIEN Trend Analysis U89 Steel shot
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31nM15tElUsunsy Minitab Fiaseriuuiliunsd@eingAvaglaaunisniudunus

a A

fasolUll e v, = 2472 + 15.42 %,

ANsONIBRI ISR IngAulaRall
WD Y,

= 2472 + 1542 x (1)

e = 2472 + 15.42 x(29)

Y29 2,919.18
Ratio= —% =——-—-19
Y1 % 2,487.42 %

2,487.42
2,919.18

AU 1 e 29 = 17.36%

Wielassed = 17.36%x (21—5)
= 718% sal

9MIINN5A9%8 Steel shot HwUNUILALVULRAY 7.18 % #BU AIUUAITIZTUNBIONTINIT

\uTurasandsreliudunguieinghumeienaganunsasesusends@onasiuvuinluswianle
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ANNANISANYILLDUIAINYINTAIATULA DUAINTNVDINITNYINT IR IS AN L FUN

lparnnsAinwnnIsnensallvssauuasIBRUNMELN I UL TR AuLaz Tla
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MelUsHNTU Minitab A1uASTMLNEauNULARLAUAN

399 lAANANNARIALAA DU IR IN1S19R D LUT

[

HanAILaNE gaAWLINTalNALNUN IR wensallaa 1211lsunsu Minitab
auan WWau

ea/Month ea/Month MAPE ea/Month MAPE
A.0.-65 12,740 13,150 322% 12.736.70 0.03%
CaCOo3 .8.-65 12,750 13,320 447% 12,736.70 0.10%
£.0.-65 12,500 13,250 6.00% 12,736.70 1.89%
A.0.-65 2,780 2,650 | 468% 2,773.33 |  024%

in |
Selrzssdizel T 2,730 2,600 |  476% 2773.33 | 159%

cut wire

$.0.-65 2,640 2,820 6.82% 2,773.33 5.05%
#.A.-65 125 175 40.00% 141.67 13.33%
steel grit W.8.-65 150 150 0.00% 141.67 5.56%
$.0.-65 150 150 0.00% 141.67 5.56%
A.A-65 2,800 3,000 | 7.14% 2,814.86 | 053%
Steel shot N.8.-65 2,800 3,000 7.14% 2,959.30 5.69%
$.9.-65 3,000 3,000 0.00% 3,002.57 0.09%
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A3UNAN1338 BAUTIENA WazUalauaIuL

5.1 @yunanisinen
MnuaMIANYIENINENsaisendsdoresdudia 4 slnannsnasuldiduiudazein
fAslunsnennsaiivnzandmsuaudusasedauanaiusanlused

5.1.1 CaCo, wanzfuisnensaliuu  Moving average WUy 6 WWeulpeiieSeuifisuiu
yend180939 3 Woudnluaznuinildn MAPE = 0.67% Fild1Aunainndsutesninisiiudingg
WWUNSPT UGl MAPE = 4.56%

5.1.2 Stainless steel cut wire WinefUIsneInsaluuu Moving average wuu 3 aulneidle
Wlsuifieuiugenditoass 3 Woudnluasnuindian MAPE = 2.30% dilinnunainndoutiosnin
ARRuiaLNUNSPTeAuILT sl MAPE = 5.42%

5.1.3 Steel grit unzAUTnensaluuu  Moving average wuu 3 e lnafleiUSeudieu
fusond1@o93e 3 ieudalussnuingAn MAPE = 8.15% Fsilmanunainpasutiosninisiuiingg
WunSnTeruILG AN MAPE = 13.33%

5.1.4 Steel shot winnzAuiSnensaluuy Winters’ Method  wuu Multiplicative Taeile
Wasulsuiugendsdoass 3 Weudaluaznuindien MAPE = 2.10% Feiidanunainadoutiosnin

A AUNNINUNIAYDAIUIUTILAT MAPE = 4.76%

5.2 Uoldushu

' (%
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fruaunensalid 1 oudaiuazd e ded s liulunisiivlnvesenmded osauludanas
Wasuwlaswassandumidudndmisfiasesihunuszneunisindulanisusmsauiangs n
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vonugldnielyl TnsanuanisAnsamsaesutsuwltiuvesnisiiulnvessenveldad

52.1 CaCO,
Sns1nsdade CaCo, Suudltuiudueds 0.6% solldswszsanalldineenuendi
Ffefudsnsilandunsqualudiuresauninvedudniiolilisenuetunnadluuazuds
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https://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%84%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%A1
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https://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%84%E0%B8%A5%E0%B9%80%E0%B8%8B%E0%B8%B5%E0%B8%A2%E0%B8%A1
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99
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5.2.2 Stainless steel cut wire, Steel grit, Steel shot

(1) 8m51n15d9@e Steel grit Auulduindunde 1.37 % asluszunmulainvenane

ity

(2) $nsIn15dede Stainless steel cut wire SuudldninTuads 5.55 % detiuszanalld
IeenuneLivay

(3) §as1M15dade Steel shot SuunTthfiutuads 7.18 % seduszanaldinuonue
iagy
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