1
-

d' a7 = s ¥ S aa : ﬂ' T J
MINIUTDLUAIBINAUSNTINAAVNIITUUYY ﬂmaaﬂmmaﬂu‘luszmn

AIIHANTI2UTIPYI

VERIFICATION OF CCD RICE COLOR SORTER FOR REDUCING THE
FOREIGN MATTER DURING PACKED RICE PROCESS

- a
NN AW

WARUNEE PIWNGAM

InendinuiniudnmilsvensinnmuningasiSayginnmansumiadia
mnmvananalasnnueIns
ARIZQATINNTIUNYAS
aofumalulatnszesundudigamrsaansii
W.f1. 2560
KMITL-2017-A1-M-054-291



v
A A

d' v =S < Y a' A v
mi71’Juaa‘umimﬂmwnamaﬂmnizuummﬂmaaﬂmmaﬂﬂmzmn

MSHAAYIIVIIPYY

VERIFICATION OF CCD RICE COLOR SORTER FOR REDUCING THE

FOREIGN MATTER DURING PACKED RICE PROCESS

N3 [AINN

WARUNEE PIWNGAM

%mﬁwuﬁfzaﬂudmﬁﬁwmmiﬁny1ﬂ1uﬁ§ngmsﬂ%mu@13ﬂﬂ1ﬂ1amiumﬁ’mcﬁm
MMy IMssamsanuasanuerns
AVZYATIMNITHNYAS
aotumalulagnszaeanaudIAMNiTaIansz L
N.A. 2560

KMITL-2017-AI-M-054-291



VERIFICATION OF CCD RICE COLOR SORTER FOR REDUCING THE

FOREIGN MATTER DURING PACKED RICE PROCESS

WARUNEE PIWNGAM

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF SCIENCE IN FOOD SAFETY MANAGEMENT
FACULTY OF AGRO-INDUSTRY
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2017

KMITL-2017-A1-M-054-291



COPYRIGHT 2017
FACULTY OF AGRO-INDUSTRY

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



a J
NANUNUD

e
D

3UD

4' v =
YornAnNy
stiadszdinn
Yyan

a
a1vIv

AMZYATIHAITNINYAS
asumalulagnszasundudganmsaanszi

lususeInentinus

mMImudeuIRssaRALendwaaT ST uLFFaand st u lusTniumsnan
1955993

VERIFICATION OF CCD RICE COLOR SORTER FOR REDUCING THE
FOREIGN MATTER DURING PACKED RICE PROCESS

WA A2
57608019
MG TATUH NN

M3dan1saNulaoante1mas

@

¢ a a J a a d
mmiﬂml‘%nm’mmuwuﬁ IA.AT. 9T LAINIIMU

dd’ a a d v
210138 INNUWUSIIN -

a a J A A
AUSNITHNIADUINYIHNUT [LREENRN 13}

SP.03.0AR 1IN TAL

WALAT.DWYY TuAT2IaG ] 3%

A3.NAAYE VT

seawey.as sz s ve lwyjed ) o

/df‘ﬁr

7 &

U/ @ew/ Unaou 12 Suaay 2560 a1 13.00 w. vl

anuAdoy & ¥od D213 8INIEIRUNIIS

AULYATINATIWNBATS U587

ol &

(599MaAAT19138 93.1/55Wus Tudlsaw)

ANVARNUL AT NN SUINYAS

suit. 13 den 07 wﬂ9590



U

Y a a d A [ = I~ A
JUVIINYTUNUD NITNIUFADULIATDIAALYNTINAAVIITSUUF YR

A A A 1 a 9
LWﬂaﬂ?NL%ﬂﬂuiuigﬁﬁNﬂ']'ﬁWﬁWU']'J‘UﬁTQQQ

UpAnw UNENINGA W
stadszd 57608019

Saan IemaasuIiude
TV M3daMsnNulasanee1viig
. 1. 2560

¢a a a dJ a av J
mm‘mmﬁnmmmuwufﬁ IA.AT. DAFAT LEINIIAU

UNAAEID

1nNMIasIdouralIesoEouvest 1T TAI1I0TT999 Tuduguninuag

o d’ a 1 4 a 1 9 [
anulaeansinanlulasanisaiunszen aaudasant wui dymaiuganin gl
A 1 Y @ a 9 A =~
guammnniga dufgmiaiuanulasans n by Nea uazasnva g laol
! 13 = =< o ¥ 9y A ' v ¥
A1 DPMO (Defects Per Million Opportunities) T80 D1UIUATIVDIDAUTIUAD 1 A1UATY

a ! A ™ ' A ) % 2 { <

dusinelUiiny 77 uaglin Sigma level 10y 528 Feauetuniudaymdiuaim
o A dy ) Y al.a A @ = 3 9

dasansuaznunigail vz1h ldldlumsnivaeulss@ninmvouniosnanendmandn

1 a (% A = d' a :3 1 g‘; a 9

ao 11 nazanmsdsziivsuasennaudeluioramnaiulussniniuaeunsnaadigs

@ a F d‘d a dy 1 g’; a
YAVTIVIIYON ?ﬂiﬂ‘ii‘lﬂi&Lll‘L!hlﬂ’N*ﬂq@WIZJI’E)ﬂT(?fLﬂﬂﬂWiﬂulﬂ@uGlUfigﬁ’JN"UuGlﬂuﬂﬁW’ﬁﬁ

2 ' a o J 9 !

111813 TagnraInuIveIsuAs N IMenIniinaTunouraanMAgate wuganyly

Q

k4
@ a 1 v J 1 J
Yudousrann Idnindagdu wu d1oulden daining 1vu un uwaznszson uazlusznang

a ' ° 9 A > A o - I
NITINARN LBU ﬁgllﬂﬁ\j(ﬂ’]ﬂgquﬁg@1ﬂﬂl13lﬂa@ﬂ Iﬂﬂﬁlwqgf]f]']\jfJQLﬂﬁ@QﬂﬂlLfJﬂﬁlilaﬂsUTJ HIVA

7 9 ' @ a

] A @ d v ' Y A 9 A <)
’J’llﬂuﬂluﬁ@u’q@ﬂ’]ﬂﬂ%zﬂfjﬂaﬂﬂu@ﬁ’lﬂﬂlﬂﬁWa?‘]ﬂm“ﬂ@ﬁﬂﬁ’]']iﬁaﬂaﬁlﬁaﬂu@ﬂﬂq@ ﬁ]z!,ﬂu

[

9 a J 9 2 = =2 Y o =2 a a
ATIAYVDINAANUN ﬂ’JEll‘l’iiﬂufﬂiﬁﬂ‘H15]\‘]llﬂ‘ﬂ1ﬂ1iﬁﬂ‘]ﬂ1ﬂ1§ﬂ’3uﬁ®ﬂﬂ5$ﬁﬂ‘ﬁﬂ11ﬁl"1ﬁ]\‘]
A o =) <3 9 o A a da! a Y &/ Y
ATDIAAUYNTLNANUTD IﬂEJf)lmiWEIVINﬂWEJﬂWWVIfJWﬂLﬂ@ﬂluﬂ1ﬂﬂ1iﬂi$mu‘ﬂ@Hﬂmﬂﬁﬁuiu
9 a A A @ 2 3 9 A A ~ & v 9 o [
Aulszansnnveansosnauendaniuazduolunldueuuinulaisiiiunsana

2 3 9 Y ana a gy 1 4 a
LlﬂﬂﬁlllaWU”I’J@’JEJSS‘]J‘]JGB“D’@TL!ﬂ”liNﬁ@]ﬁlﬂ?ﬁ”ﬁ‘ﬂii@Qﬂﬂli’)\ﬂﬂiﬂﬂ”ﬁﬁ?uv\lizﬂﬂﬂ aIUIATAAN

]
[ [ =

A a IR A w2 A o a3 9 <
WDAUATIETUDIDUATIINIINTIYNIN HAIITNNHANNUNNTIUIATOIAALLYNTLUAAUI Iﬂﬂ!ﬂu

v
a A

srundeyadaniveluludiasseninenszuIumsHan A2eMIquaI9619 100 N5Y



1
s =

{ o ' a d e ' o o
ﬂ'JHJaT]‘ﬂ 1 GB'JI?J\WI@?@‘UfﬂﬁWaﬂl‘l_ll‘!ﬁgﬂ%ﬂaW 2 Lﬁ’au FNLANUNTINUD ﬁ\‘li]lﬂﬂi] 2559 199
a =y A A A A [ 9 9 2’, [ 9 A [ a 14 =4
‘ﬁu@i!a%ﬂﬁu’lﬂ!ﬁﬂlﬂ@ﬂuﬂlﬂﬁ@ﬂﬂﬂlwﬂl‘lﬂ NTOUNIIAVUIAN AT BIIAM AL 05 1I051eS
an A a a A A o = IS 9 A 1 A
HUUAIN0A oYY TEaNTNINUOUATOIAALINTINAAUIITSUUFTA WUNTHAVD
A A A ] ) ~ v 9 a1
ﬁﬂlﬂﬂﬂu‘ﬂﬁﬂWﬁ@]ﬂﬂmﬂ1wuﬁ$@uﬂi'lﬂ1ﬂ'l\1ﬂ1ﬂﬂ1WVIE]ﬁ]1Ju3J’Iﬂ1Jﬂ]’nﬁ’lﬁﬂﬂﬂuﬂ'lillﬁii]fl\?
' a A A 2 2 a
vlﬁa]!!!ﬂ IANHWUAAENTIA YUIA 1-5 VAALIUAT (UU.) 55 FU UDA YUIA 1-5 WU, 40 FU AYNAITAN
v
VUIA 1-5 VUUASVUIA 6-10 WU 1 1A 3 TU ANaI1AL ﬂ@ﬂﬁiﬁﬁﬂluWﬂ 1-5 yu.uazuuia 6-10
v v
. 408 18T 50 FU MUAIAY LASHUOU YUIA 1-5  UN.LAZYUIA 6-10 WU, 10 AL 3 FU
o w 4 A ] A A o o ) X 9 99w
AT ﬂ']ﬁ@]ﬁ')ﬂWUﬁQL%@‘]JHGlHGUTJﬁ']ﬁTINWULﬂﬁ@Qﬂﬂllﬂﬂﬂ\iﬂaT} Lﬂum@ﬂalﬂ@ﬁ@ujﬁﬂﬂ
a 9 A o @ ] A A A Y Aa A
ﬂ'liWﬁ@Wﬂ')iUIﬂi\iﬂ?ﬁ L‘W@Fﬂgu']@n@EJ'N’(?NH]’E]1/]ﬁifJFﬂW1J1ﬂ1%1uﬂ15%3uﬁ@ﬂﬂi5ﬁﬂ‘ﬁﬂ’lw
1 o 4 a [ 4 a
ﬂ')'lll@jﬂg]}’ﬂﬂ!!llufJ'lGU’ENLfﬁ’E]\‘lﬁl,Uﬂ'ﬁWﬁﬁ"ﬂ}'nﬁ“lﬁﬂﬁiﬂflQm@QIﬂi\iﬂ'liﬁ'JUWfigﬂﬂﬂ aIUIATAA
A a 2 o ~ 2 v A A A A
U,ﬁ3Fl]'lﬂﬂ'lﬁﬂ'lf!"i/'l'31!ﬁ'ﬁ)ll“lJi3'(3(1/1‘ﬁﬂ'IWLﬂi@Qﬂﬂllﬂﬂﬁlﬂﬁﬂ"]ﬂ?ﬁgﬂﬂcﬁcﬁﬂ LW@aﬂﬁQLﬂ@ﬂuclu

FEUINMSNANTIIUIYYN BaziNeonudeuaNuudazaNmiions e unsodluns

v
=

A 9 o A A A A A 3w v
HWaAUIITITUIIIN Iﬂﬂﬂmﬁ@ﬂ?NLi]’f]‘IJ‘Ll'VIW’UllTﬂﬂﬁjﬂﬂlﬂuﬂuﬂﬁWﬂﬂN@ﬂuﬂWfJﬂW\ITﬂfani
3 9 | 1 a Y 1 A 9 & o a
mmagammﬁmeﬂuimzmwmiwa@”lmm WYY UDA LAsADNUY IINUUAUUUNIT
a A o A A A @ = 3 9 A (%
NAAUHITLANTAINNITAALEN AU UUDUATOIAALENTNAAVIITSUVHFEA IUNITAA
4 ' &5 2 o =
nendafoluneuiuaounisussguaa1s saremslyaudedunauiuldiudiaa
) a Y] ] Qy A = g}/ a < Qy ~
1UIU 10 N1an5y 81982 10 FU ozl usIuNaviue 3 ¥Has Y 30 yuRvuIa 1-
1 g’/ o g ! 4 o 2
5UAAUAT MNITNATOUAIDYINAL 6 ATI VTUIUNITNATOU 3 H1 WUIN Lﬁammz%ﬂu
A 1 v 9 A o a o ° 2 A o = <
ﬂizmmﬁywuiﬁﬂusm”lﬂwmnﬁwmmmu 10 A 1lan5y 911 10 B 1A 09AALENTINAA
1 = 4 [ o [ Ay 1 =
GIQIJWJ?J?HL‘TAﬁﬂﬂ’ﬂhﬂﬁ1ﬂ!ﬂ§@uﬁhyjim (Absolute  error) IN1NY 0 ¥U LLATZANURAYIAITY
A v o J . 1w J I A = 1o 1w
AAALAABUTUNNTS (Relative error) (NN 0 1o5i%uea UAURAYAINLNUIFUNINY 100
s 3 & ' A A A A A !
1Wosigua HAZANURNAYANUINGIATINGN gagNansnageuaudIeluilssinnuea wun
ao’ ~ A o ~ <3 9 = = 2 o S 1w £
NMINAADIFIN 1 LAY 3 IATDIAALINTLUAAUNIUAURAYANUAAIAAADUTUYITAUNINY 0 BU
1 A A [ v Jd 1w J I L= A 1 ) (Y
HAZANRAYANNADIAAADUTUNNTININDY 0 1oTidua UAURAYANVLNUIIFUNINY 100
s 3 4 a ~ A 1 g A ' A [ =y < Y =
Wosigsua HAZUAURAYAIINNYIATIFY UANITNATDUFIN 2 WUIUATDIAALLINTLNAAVIIY
' A A o S 1w Qy 1 A A o v Jd 1w
AURAYANUAAIAUAADUANYITUNINUY 0.17 TU HaZAURAIANNANAUAADUTUWNTININY
sE LA >~ To 1w /3 o A = ~ 1w
1.67 vlosua IaunasaNuulUguNINY 98.33 1lo5IFua tazlAURasANUNIIATUNINY

P-4 A A E) ' 2 A
2.82 Lﬂi’)ilcﬁu@] LLﬁSi]"IﬂWﬁﬂTi'VIﬂﬁi’)ﬂﬁ\‘ltﬂﬂﬂUﬂiglﬂﬂﬂﬂﬂﬂiyi WU NITNAADILIN 1 L



A o = <3 Y = A A o J 1w 2 1 A
2 1ATNAALYNTINAAVIINAURAYANUADIALAADUTNYITUININUY 0 TU LAZAURATAIIY

=

A o o @ w sl LA Voo TV w P-4 =
AANALAADUTUNNTININD O Lﬂ@ﬁl“ﬁu@ :Jmmaﬂmmgmufnqqmmu 100 !ﬂ@ﬁlcﬁuﬁ LHagy

oA = ' 3 o 4 o a4 3 9 aa A A
AURNAYANUNYIATIFI HANITNATDUGIN 3 IATDIAALINTLNAAVIINAURNAYAITUAAIAAND U

o d 1w 2 1 a1 A

{ 4 v o Jd 1w s 2
FyYsaminy 0.17 ¥U u,azmmaﬂmmﬂammﬁauﬁuW‘wm‘mﬂu 1.67 1Wosigua Inuna
voo 1w LI 4 A = = "o -
ANVLNUIUNIND 98.33 Wosi¥ua tasANRIANNNIIATUNINY 2.82 WosiFua uagan
A A A 9 1 Y A A
wamsnageuauIedulsswnnaiiu uoa HAZADNUNT WUINITNAADITIN 1 LAS2 INTD
[ = <3 9 a = A Y] d 1w 2 1 = A
ALINTLNAAVIINAURAYANINAAIAAABDUANYIULNINY 0 TU HASAURAYANUAAIAAADY

v Jd 1w

%% J 3 d A A ] ) 1w I <3 J A =
FUNNTINDY 0 1o5iHua UAURAYANNUNUIIFIUNINDY 100 osisua uaziauadenw

t4

A 1 A A [ = S Y A A A Y
lﬂﬂ\‘l@ﬁqqfl UANITNATDUBIN 3 ATDIAALYNTINAAVIIUAURAYAIIUAAIAAADUTANL T

U

= =

[ Y] ay [ 4 4 [ LA AN~
101 0.17 ¥ 1AZAURAIANUAAIANADUTUANTININD 0.56  1o5iFua Uaunasniu
1 ) vy o AN~ 4 A A ~ L s 3 Jd o g}/
UUUGUNIND 9944 11051FUA LAZUAURALANIUNGIATUNIND 0.93 11Uo5IFUA A9UY N5
o A [ =y 1< 9 A o = télu/ 1 A = [l )
MUFVUTLEANTNIWATDIAALIN TINAAVIINNINITANHIUIAIUATOINANLN UL
A o A A ! g ) A A
ANUNBINTIGITUNIAALENTIIBY UNOUVUADUNITVIIYIAS Tagmzduaadunig
o ) = oqY & 2L ) o
duATIIAIUMININ i Inaadyrimsduileunnauveuniemuauniniayduny
9 v v A @ Y o AN Yo a A o 1
aumeonnasg luszauneeuinla Tagnasni lasiinisniudeunaznaaiiotiviig
Yo Y a Y A Y a ' Y Y~ v v & ™
Tinudus Inauagauransoiouvoadus Ina lunudedoasoumunnuilasansauail
A ¥ A = o A W& o 1 1o v
masulHnsesaudalagiulasiian DPMO (A 18 azlial Sigma level IMAY 5.63 1071
o 3’4 a A [ = <3 9 9
MITAAIIZUUMINIUADUNIIHAAVDITEULIATDIAAUINTINAATIIAINITD AT YW1V 0
A ~ a Y A Y 9 =) A
§o45 UM INANT1IUTTIRe 135 19 Tasaadoseaion (DPMO) 89910 77 110
o 2 a A o o O3 o B o )
18 AUUILVUNTNIUABUNITHNANUBITZUUATo9AALEATINAAY N AT lgnIu

Aa A o 4 o ~ < 1 a
’ﬁ’f]’]J’]Ji$’ﬁ‘1/]‘ﬁﬂ?WﬂWiTl'l\i'lHﬂl@\ﬂﬂ%ﬂﬁﬂﬂllﬂﬂﬁlhﬁﬂ%ﬁ’)ﬂﬂuﬂWiNﬁ@]"lgll'l’lﬁ1iﬂiiﬂqi¢]\1"llf]\1

Re

Tasamsioiunan I azanouaswnNMen AN I lusznINMIKanT 1@ U999
A4 9 A4 4 @ 1Y a A o 2y
i Nuwelu lugumnuazaulasansaeiys Inalunandumnd11a15U355999U04

Taganms ao



Thesis Verification of CCD Rice Color Sorter for Reducing the

Foreign Matter during Packed Rice Process

Student Ms. Warunee Piwngam

Student ID. 57608019

Degree Master of Science

Program Food Safety Management

Year 2017

Thesis Advisor Assoc. Prof.Dr.Adisorn Swetwiwathana
ABSTRACT

Refer to the complaint for quality and safety of polished rice packed in bag produced
in The Royal Chitralada Projects, it was found that the quality problems were related to most
unstable bag, while the safety problems were concerned to the adulteration of physical hazards
c.g. rubble, gravel, wheat weevils, and grass pollen (Defects Per Million Opportunities — DPMO
is 77, and the Sigma level is 5.28). These foreign materials will be used to verify the efficiency of
the rice color sorter. According to the data from the potential hazards assessment during the
process of polished rice packed in bags, it can be estimated that there is a potential adulteration
during rice production. By the source of the physical hazards that might be occurred during
process through the finish product, the adulteration points might be derived from raw materials
such as paddy, vectors (from birds and squirrels), and during production such as paddy cleaners
etc. Thus, the rice color sorter is the last step to reduce the hazard of this product to an acceptable
level. The purpose of this study was to verify the efficacy of the rice color sorter machine under
CCD system in sorting the colour rice and foreign materials during the process of polished rice
before packed in the plastic bag as a product under the brand of The Royal Chitralada Projects in
order to minimize the physical hazard from physical hazard and enhance the quality of the
product by minimized the difference colour of the rice grains before packed and sale to consumer.
A random sampling of 100 grams of the sorted rice (every one hour during the process) from each
batch of production from February-March 2016 was examined for the types and amount of

foreign materials. Meanwhile, each detected foreign material was measured for the size with a



digital vernier caliper. Results informed that the types of physical hazards in the rice after sorted
were belonged to 55 rubble or gravel fragments of 1-5 mm in size, 40 wheat weevils of 1-5 mm, 1
plastic fragment of 1-5 mm and 3 of 6-10 mm, 408 grass pollen of 1-5 mm and 50 of 6-10 mm,
also 10 worms of 1-5 mm and 3 of 6-10 mm. The information of these adulterated foreign
materials found in the sorted rice are, therefore, considered as preliminary information for the
verification of accuracy and precision of the rice colour sorter under The Royal Chitralada
Projects and verification the efficacy of CCD rice color sorter during rice packing process, in
order to reduce contaminants and verify precision and accuracy of the machine. Through the
collection of data from the sorting process, foreign materials which are physical hazards,
commonly found during packing, were selected as follow: rubbles or gravels, wheat weevils and
grass pollens. Then, the performance of the CCD rice color sorter was tested in sorting out foreign
materials from rice prior to packing step. This was done by combining the foreign materials into
10 kg of the sorted rice. The 3 replicated experiments were done with 10 pieces of each type of
foreign material. Moreover, the binding of all 3 types of foreign materials (1-5 mm in size of
moth’s segments, rubble, and grass pollens) with totally 30 pieces (10 pieces for each type) were
also performed for 6 times (with 3 replicated tests for each time). The results revealed that when
10 pieces of foreign materials were mixed with 10 kg of sorted rice, the rice color sorter had an
average error of 0 and a relative error of 0 percent. The average high precision equal to 100
percent of average and higher accuracy and from the test of moth’s segments. It was found that
thel and 3 replicated experiments of the rice color sorter had an average mean error of 0 and the
mean of the relative error of 0 percent with a high accuracy of 100 percent and an average of high
precision. The 2-replicated test showed that the rice color sorter had the mean absolute error of
0.17 and the mean of the relative error of 1.67 percent had the average accuracy of 98.33 percent
and the average precision was 2.82 percentage and from the test results of grass pollens. It was
found that the replicate experiments 1 and 2 of the rice color sorter had an average of 0 error
tolerances and a mean of 0 percent relative error. The average accuracy was 100 percent and the
average precision was high. The replicated test 3 of the rice color sorter had an average absolute
error of 0.17 and a mean of 1.67 percent relative accuracy with an accuracy of 98.33 percent and
average of precision about 2.82 percent. From the results of the test of the impurities of the rocks,
moths’ segments and grass pollens, it was found that the experiments were repeated at 1 and 2

grain color sorter. The mean of absolute error is 0 and the mean of the relative error is 0 percent.



W

The average accuracy is 100 percent and the average precision is high. Replicated test 3 of the
rice color sorter had an average absolute error of 0.17 and a mean of 0.56 percent relative
tolerance. The accuracy was 99.44 percent and the average precision was 0.93 percent. Therefore,
to verify the efficiency of the rice color sorter that was found that the machine was accuracy and
high precision for the sorting of impurities before packing especially physical hazard. DPMO was
18 and Sigma level was 5.63, which reduced complaints from 77 to 18. In order to increase the
reliability of consumers for the quality and safety of the packaged rice product under the brand of
The Royal Chitralada Project, this verification method can be used to verify the efficacy of rice

colour sorter for enhancing the quality and safety of the packaged rice product.
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mww 2.12 mmmuuumua“mmmmﬂwmm (ngh accuracy and High precision)

ﬂTIN‘VI 2.9-2.12 ﬂ’J”IiJLLiJ‘LlEﬂLm ﬂ’JHJL‘V]fJ\W]i\ﬁJ’ENLﬂiE]\ﬂJE]’Jﬂ
d QU =
NUT : UINNT LAZNING (2555)
2.13.3 msﬁué’fummgnﬁm (Validation)
o A Ao Y o A Y& = A
NITVIUNTNINANTIUNITBNITIUIUAIWVANTTU LWEﬂ‘HiJuii]ﬂﬂﬂ@iﬂWiWiE]
Aan A o PP o A v
snmuruall ummmmmclumﬁmuqmmimmmiizu"h (Codex, 2008)

2.13.4 m‘;ﬁmamdmamﬂmﬂmﬁaumnmiﬁ’ﬂ (Calculation of measurement error)

(WIHNT1 UAZTNING, 2555)
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1. mmmﬂmﬂmaauauysm (Absolute error) A9 ﬂWiﬁiﬂmﬂ’ﬂﬂJLWIﬂﬁN

JEUANAMDIINUAN 1N NITIA
Absolute error = 1xm£a .. (1.1)

Tas Xz @9 A1939 (True Value)

Xoneq 0 A 1dvInmsia (Measure value)

g v v d
2. mmﬂmﬂmﬁauauwm (Relative error)

_ Tmea %t
Relative error = - (1.2)
Xt
% Error = Relative error X 100 (1.3)

Tas X A® A1939 (True Value)



Xmeq A0 M7 18910M1539 (Measure value)

v Jd & d v ) 2 ' 4
3. ﬂHTJﬂil‘lﬁ—!ﬂﬂ?1N!lNHﬂ]ﬁ§ﬂﬂ]ﬂ3]NgﬂﬂﬂQ (% Accuracy)
% Accuracy = 100-% Error

4. MANUNEINT (Precision)
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£m
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(1.5)
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1A 10.00 10.00 0.00 0.00 100.00 0.00
10.00 10.00 0.00 0.00 100.00 0.00

10.00 10.00 0.00 0.00 100.00 0.00

10.00 10.00 0.00 0.00 100.00 0.00

10.00 10.00 0.00 0.00 100.00 0.00

10.00 10.00 0.00 0.00 100.00 0.00

X ean 10.00 10.00 0.00 0.00 100.00 0.00
1oA 10.00 10.00 0.00 0.00 100.00 1.69
9.00 10.00 1.00 10.00 90.00 8.47
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10.00 10.00 0.00 0.00 100.00 1.69

10.00 10.00 0.00 0.00 100.00 1.69
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10.00 10.00 0.00 0.00 100.00 0.00

X 10.00 10.00 0.00 0.00 100.00 0.00

mean
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AMIAUIAUAIANUAAAATDUIINAIITIA (Calculation of measurement error) (‘L!Tlﬁl‘VIﬁ uaw%wa,

2555)
' A (Y] J = '
1. AnNUAAINMAd HANY T (Absolute error) 19 MyUsuuanu

HANANTZHANAIIN VAN 1Aa1nMT IR
(1.1)

Absolute error = ixmm =4 Xt1

Tag Xy fo #1934 (True Value)

1 { 9 [
Xonea 0 A0 1901001530 (Measure value)

Absolute error = | 10-10 |

= 0

2. MANINAMAINADUTNIWNG (Relative error)
i (1.2)

! Xmea "Xt

|

Relative error
(1.3)

Relative error X 100

% Error

A 1 a
A9 A1939 (True Value)

Tag  X¢
A 1 d' 9 [
Xonea 0O AN 189101599 (Measure value)

10—-10

Relative error =l

10
=0
= 0X100

% Error
= 0%
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3. mnJaiwuﬂmmgmummammmgnmm (% Accuracy)
% Accuracy = 100-% Error (1.4)

100-0

100 %

4. MANMNINTI (Precision)

X7 %m
Precision = (1.5)
m
r 1

d <aoh Wh 't e
m = t=1="1
lag X Ao ARABVOINITIA

b AR, \E

X; AD AMITIALADZATY

n = 1 3 g’/
Z 1XL' 9 WATIUAIUBINIIIATNTIUA

= o g’/ [
mn A ATUIUAIIUBDINTIIA
2 (1ﬂ+10+1ﬂ+10+10+10)
m N\ 6
= 10.00
10—10

Precision (%) = = X 100

= 0X100
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S
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AFNITAIUINU Six Sigma
AULUUINIIVDY DMAIC (Define-Measure-Analyze-Improve-Control) (Lﬂ%ﬂﬂﬁ ﬂﬁuazﬂmz, 2554)
gATMIATUIU

DPMO = (Number of Defects x 1,000,000)

((Number of Defects Opportunities/Unit) x Number of Units)

@ a

Tag 1nTeasauendmaatindun mdamsnaa 8 duiu isidansrdasefusuiuge 2 ke
(M1 2000 94 1A 5 kg 11101 800 Q9
faiu manaage STy 2,800 94

MINANADIADU(HAA 20 T1) 1IN 56,000 94

NIWAA 24 1ADU 1N 1,344,000 94

= (104 x 1,000,000)

((1,344,000 /1,344,000) x 1,344,000)

= 77

[ a

4 @ < 1 o w a @ v A o A
I@IEJ Lﬂ%@\?ﬂﬂuﬂﬂ%maﬂ"lﬂﬁ?ﬁlﬁh NIANITHNAS 10 AU/IU HNIAINTTAAADIUITUIUN 2 kg

MIAY 2500 94 1Az 5 kg 1117 1000 94

9
[ Y [ a

WU MAIMIHAAAD IUININY 3,500 9

[

MAINIHAAADIADU(HAA 20 1) M1 70,000 99

[

MAIMIHAA 12 1HOU NN 840,000 99

= (15 x 1,000,000)

((840,000 /840,000) x 840,000)

= 18
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Six Sigma Calculator Enter values in Gray cells only

A. All values required to calculate Sigma level
Defects: 104 DPMO: 77
Units: 1,344,000 Sigma Level: 5.28
Opportunities per Unit: 1

B. Sigma calculated based on defects and number of

opportunities
Defects: 104 DPMO: 77
Number of Opportunities: 1,344,000 Sigma Level: 5.28

C. Enter only the known Defects Per Million Opportunities

Enter DPMO 104 Sigma Level: 5.21
Six Sigma Calculator Enter values in Gray cells only
A. All values required to calculate Sigma level
Defects: 15 DPMO: 18
Units: 840,000 Sigma Level: 5.63
Opportunities per Unit: 1

B. Sigma calculated based on defects and number of opportunities

Defects: 15 DPMO: 18

Number of Opportunities: 840,000 Sigma Level: 5.63

C. Enter only the known Defects Per Million Opportunities

Enter DPMO 15 Sigma Level: 5.67
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