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LaneyC’ Chart of C4

Stability Report
ity Ropo Look for these patterns:

= Global Trend Cydlical
\
" |
{ |
YA
Iy
§ “ ¢ | Shifts Drifts
7] / ® —AANA ﬂ“‘
§ 1 & \ FUPV.VY S— Al
. . ® \ . \
/ 7\ I\ 3 T\ Osdillation Mixture
. / y oy / / ee | .
ee o4 & sees & ‘ ¢ e e e W
Assess the stability of the defects per unit in your process and look for patterns

that can help you distinguish between common and special causes. Typicaly, a
process that exhibits only common causes has a constant defect rate. However, Excessive Out
global trends or cycdlical patterns may also be common causes. Other patterns, such of Control

as shifts and drifts, may be special causes. E
Test

‘Out-of-Control Subgroups
Test 1: Outside control limits 17, 19

Number of subgroups: 30 Total units: 1500 Defects per Unit (DPU): 0.06
Subgroup size: 50 Total defects: 96 PPM (DPMO}: 64000

Gx.hé Srodld C ali dlaws ] 568 51005 :(1) 10900
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0%

Ts the number of defects per unit stable?
Evaluate the % of out-of-control subgroups.

vo I e

Number of Defects per Unit
o o o o
2 kB L 3
8 & & &

U Chart of =3
Summary Report
Comments
The number of defects per unit may not be stable. 2
(6.79%) subgroups are out of control. Keep in mind that

you may see 0.7% out-of-control subgroups by chance,
even when the process is stable.

> 5%

6.7%

Investigate out-of-control subgroups.

-
UCL=0.2815
- - A
Al : > - > U=0.1044
J —— -
bdl o N et ¥ ¥ R S

LcL=0

1 4 7 10 13 16 19 22 25 28

Subgroup
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Laney C’ Chart of C4
Summary Report
Comments

The number of defect= per unkt may not be able. 2 (6.7%)
subgroups are out of control. Keep in mind that you may see
0.7% out-of-control subgroups by chance, even when the

Is the number of defects per unit stable?
Evaluate the % of out-of-control subgroups.

process is stal

R —
5

03

Number of subgroups: 30
Subgroup size: 50

/\ Pl Pl Fal /\
TV Y

Laney C’ Chart
Investigate any out-of-control subgroups.

ucL-0.2318

-/
Y
A

Vo—7 .

c=0.064

Lol-a

i3 15 1
Subgroup

Fi i

Defects per Unit (DPLY: 0.08

Tortal unes: 1500
PP (DPMO): 64000

Tortal defect=: 96

b3 osls (515 DPU (yguluo G50 (ol p3 dlaas (Y) 510 g0

DOI: 10.22034/jsqm.2021.302798.1359



2ol @l ey 5 38 by anlp gyl S5 Joe (S VoA

?‘:”‘ 5(

DPU) o5 aoy0 # slls C jloges Hlas 5l ol as ams o oylis (F) loges

ol e 00l 33 aigei 10+ ¢ s Ll F L (PPM) odsi (yselacsy Jo o>

Capability Analysis for C4
Report

Summary
[Fron et Eii o Customer Requirements
o Upper spec 023
. Target 006
High Lower zpec o
Process Characterizaton
Does the process mean differ from 0.067 — 32
o oos o1 EX Standard deviation (overal) 36427
Yes| i Ho Actual (overall) capability
Actual (Overal) Capabilty
Are the data inside the limits and dose to the target?
Tomgar Comments
= ° 4 3 1= 16

B osls gl p b pd Lo Bl il § (Sileo Lo gl :(F) 410 g0d

0%

Number of Defects per Unit

n when .
vo- I e S e e St

U Chart of =35
Summary Report

Comments
1s the mumber of defects per unk stablc? The number of defects per unit may not be stable. 2
Evakiethebelotott cboottiolsubgodns: (6.79%) subgroups are out of control. Keep In mind that

> 5% you may see 0.7% out-of-control subgroups by chance,

6.7%

U Chart
Investigate out-of-control subgroups.

0.45 -
030 — UCL=0.2815
. -
- - \
0.15 .
'o - - 2 U=0.1044
. 7 N7 / i = -
- - - - > o o d . - < e -

0.00 | LCL=0

1 4 7 10 13 16 19 22 25 28

Subgroup

s sosls gl P ol 3 auo )y Hloges :(B),loges

2y (UCL) JyuS oYh o> slylo Ploges Hlas 5l ol as ams oo oylis (0) 5 (F) loges

)9Jamwsc4~\ 009_3 +/\ ﬁ‘ﬁ (CL) 6}5).4»5 ’ﬁ‘ﬁ (LCL) J);,Sugb o.>w/\‘V

DOI: 10.22034/jsqm.2021.302798.1359



V-4 CeiS g 0 laslinl Cu poe sele 4y i

SN LSw mhaw Hla5 51 9 0 1o 9925 Y/PT Jlxe Bl il b a3 VIV diges 10 50 ke
D2 oo lii ]y e 0 A0 il LY sae

ol oadoolaiwl oles g y3b o] o (6 S diged v 31538 SPC Juaw sl (6l
035 IS 0 i (5,559, ¥ 4 bogrye 4 oudiisyglaazr (i B digel Yo 50 ool
b ) lle ) Gy -Y bl oS alfcie sl S 0 et Coale 4 ax g3l .ol
o e (513 2y SIS i) o ot Y (a2l s S, 4555 51 e 5 5515
S5 5 050 5l 7)1 S5 5 050 g il 03,918 (ul AL 09> & (pgata (525 050)
s Sl ¥ (il (S5 5 Sy (S il + SIS 0 oL 5] A
£l Saale —F (sl anils C31giSy 5 5l o 5 ably San il gl s al WIS
Ol OUSE glgil) ;S0 a8sSs -0 (ail plas o (Fawle 2l Sl s )le sl SIS
CMS glgl) (Slos o —F (ol ;S 489S 399 s bgs o Ky 5 S 13 o0l slaasls
5 Slse -V (oS sbml 1) (ool (o e O] (B 098 5 O 05> a0 il
Sy sl a5 wil oo (8L 00200 ST Slge j2ray (g0l aisS o 5l (g )le sl OIS glgil)
89550 addllae adg 0] )8 sonwlawas slael 5l g ol iy a5 gllElos Cugac b oyl
Sl dmosls Joloxs al>pe jo Culed 5o 5 wa)5 sbml slaized o518 sl b cogae iy
Sle i 4y g e (gladijed (o318 glrosls .l sadoslaru] Matlab ¢ Minitab sls l38ls )3

ol 00 08,91 (1) Jga 5o U 0e 09,5 Yo sl oSS

S0 0g 5 Y 51 O slaali 4 by yo sladized 538 vosls :(Y) Jgus

a B c d 09,5 0o
\4 A \-. \¥ \
Y ¥ I AR Y
AR 'Y \# Y Y
AR VY \id A ¥
Y ¥ A AR A
AR VY \id A 4

DOI: 10.22034/jsqm.2021.302798.1359



ML o 10 ) @l oy 5 650 e 50wl b gkl JyuS Jow (b

(1) Jgoz aslsl
a B c d 09,5 0,lo
AR \Y \# Y Y
Y ¥ A AR A
AR V'Y \d Y 1
Y ¥ A AR \-
AR V'Y \d Y AR
AR \Y \# Y \Y
AR \Y \# Y VY
AR \Y \# Y V¥
Y ¥ I AR VO
o A A \-. \#
\ Y Y s \Y
Y ¥ ¥ 4 YA
\ A\ Y A V4
AR \Y \# Y A
Y ¥ A AR Y
4 A \-. VY Yy
4 A \-. VY Yy
A A A \-. Y¥
Y A 0 Y Yo
AR \Y \# Y \id
N A A ). Yv
AR 'Y \# Y YA
\4 A \-. \# ya
AR \Y \F AR Y.

L 58 51 2,5 o J 58 o b o ST o) s Sl 50 1, S guammo 55 g,
ko sln Gy Sk B S sleyloges cle Al e 0 ans oo 13 (S5l 2

G5B o, g8 o Sl egia plaS e a5 S )ls 352y (B Sue 4 (53 dsgene

DOI: 10.22034/jsqm.2021.302798.1359



Y\ SS9 0 lailin] Co o cele 4y pi8

(538 Wl 53l w0 Jlol )0 3 pa Sl asls dd 45 (55 wile g e I Beow (nl 5o

el oaloolazwl adl co (Kl ¢ (551 asels ailoo
ol il oo 56 slael (g5 e Sllas plnil (gl 0l by, So oy ]
J @gai (sl 09d 0 e Crluns Bl 5l (gglune Cand g0 &y (-l mhans 0 (530
ol el oals vols Las (V) S8 0 aS 4565 les Speaj (s O mlaw )0 (551 4l

Dlor oy s abal) 5l glasi;ed sae

Sladized o318 olasl (V) S

4.3‘)dUapbﬁ%wwwﬁ\)x)wébdewb&%ﬁe&wléb)é

o iy Jed b a5 18 plp 0 aslllae (pl 53 S oo el (Soles Calie g
ool U8 Gmb g Vb o da S g9 il anlne 10 alb o <AD plp B

Wigl so Al ) sla]se b
CLi, =f.2 (CL)= %(CL{‘ +CL, +CL, +C|_f;)

LCL?ned :CL%ed _3\/CL§ed
med ZCLl:wed +3\)CLﬁ:ed

UCL;,

DOI: 10.22034/jsqm.2021.302798.1359



ML o 10 ) @l oy 5 650 e 50wl b gkl JyuS Jow (b VY

og e 5 b anld S 6 S eeed

Lsd']‘”‘) 45‘57)5..0)0
a a a
LCL®, <S%, <UCL

med
Wbbge S8 5l gyl dlly Ojgoinl g ye 9 JiuS codalaly wll 185
Smod,j :I:bj G ]

0, b, > UCL,
UCL, —b,
ﬁ (LCL, <b; <UCL,)A(c; 2 UCL,)
B = 1, (b; = LCL,)A(c; <UCL,)
LCL, - b,
# (b; <LCL,)A(LCL, <c; <UCL,)
0, ¢, <LCL,

DOI: 10.22034/jsqm.2021.302798.1359



WY

SS9 0 lailin] Co o ele 4y i

38 gosls lp B g J S d9um :(V)Jgux

638 SPC U (6 5 pocsd

0.6 ‘_;Laﬂ b 530 il

SPC U (6 55 oot

439.&3 b)m

JS e

an

S e

IS 31 £yt

FIYA

S e

S e

S e

S e

S e

7S cx B

S e

S e

S e

S e

S e

J S i B

S e

S e

S e

S i B

S e

Tl le|>|<|v|lo|s|2| |-

S e

S e

—_
=

S e

S e

—
=

S e

S e

=

S e

S e

—
=

JS 5 ) bians

S e

-
[ >4

S e

S e

—-
o

S e

S 5l gy

-
<

IS 51 gy b

S e

>

JS Sl

JSilee

—
pry

S e

S e

—
-

S e B

S e

—
—

S e

S e

—
—

S e

S e

—
-

S e

S e

—
-

J5555) )6 biaws

S e

—
>4

S e

S e

—
o

S e

S e

—
<

S e

S e

—
>

S e

S e

—
D

S e

S e

-
.

DOI: 10.22034/jsqm.2021.302798.1359




ML o 10 ) @l oy 5 650 e 50wl b gkl JyuS Jow (b

WY

S s boud iy b g3l slad yo b gldil pus (gl J 568 990 (V) Jgu

S3B SPC L (6 5 penaas

Smodj S e

SPC L (6 55 oo

Agad 0 lels

J5S o

AN

J5S o

\

S5l gl b

f0

J5S o

JAS o

\Y  \F

J5S o

JAS o

\Y  VF

JAS o

S o o

fA

JAS o

S e

\Y  \F

JrS e

JAS o

\Y  \F

JAS o

S o s

foA

JAS o

J5S o

\Y  \F

J5S o

Lo | > <| Y| | 6|t

Ui e

fA

JS e

S e

\Y  \F

S e

AR

S e

\Y  \F

JrS e

\Y

JAS o

\Y  \F

JAS o

'Y

JAS o

\Y  \F

JAS o

V¥

S gyl s

10

fo0

JAS o

\0

RS oo

\Y  \F

JriS oo

\#

Js sl

Y.v

S gl

VY

oS 5 @) s

< IfY

¥of

S e

YA

J5S )

Y.y

JAS e

4

JAS o

\Y  \F

JAS o

S e s

I5%

foA

JAS o

AR

S oo

<IAQ

JriS oo

Y

J5S o

<IAQ

Aoy

J5S o

Yy

5 o

\Y  \F

J5S o

v¥

J55) g s

< [OA

AR

JAS o

Yo

JAS e

Y VF

JAS o

vs

J5S oo

Y VF

J5S e

v

5 o

\Y  \F

7S o

YA

7S o

Aoy

J5S o

Y4

5 o

\Y  \F

7S o

DOI: 10.22034/jsqm.2021.302798.1359



VO SS9 0 lailin] Co o cele 4y pi8

15+ T o1 b 651 ailao olusl 1 ooyT ouiyled ol J s 290 :(F) Jgur

&3 J S dgu> Jlado
uUCL \#IAY
CL AVAR+
LCL \ZAR!

180 GWT Goy b 636 s bl 2 LT suiyled yolie s dgus :(8) Jgux

&3 J S dgus Jladie
UCL \f/a¥
CL AW
LCL YIAA

s s 905 oz oS £ i35 iy () 5 (F) ¢ (1)« (M) Jshazr qults &2 425
S 428 Gl gy SRS @l wised 59 5 S 5l gyl B wised oz (S

Ao oo Hlid 1) SdST g, 4 Coed (3B SPC gy 09 ailaiadisn 5 (580

P Chartof F
4 UCL=0.23
5 | —
£ | P=0.07
2
o
-
b " LCL=0.04
1
1 4 7 10 13 16 19 22 25 28
Sample

B sesls sl P LS?‘P o 30 () Hloged

DOI: 10.22034/jsqm.2021.302798.1359



IS o, 1 s oy 9 (650 e j0 an] 3 gkl JuS Jow (b ¢

P Chart Diagnostic for F
Binomial Probability Plot

Ratio of observed to t = 239.7%
959% Upper Umit for ratio If process P Is constant = 149.0%

Number of subgroups: 30 Total units: 1500 Defects per Unit (DPU): 0.06
Subgroup size: 50 Total defects: 95 PPM (DPMO): 63333

B swosls gl P ‘gl).‘; S0 :(F) Hloges

5 0055 S 50 538 slaosls gl P loges Has gl ..).;.ﬂ)é aS s oo L (7)) 5 (B) Hlages
VY ladigas SeodlS g (50 08 Lyl iy a8 Jl> o ol ooz, 08 5119 0l diged
(DPU) o> aoy0 & slils 558 P Sloges Hlas sl )® cpiman ilosg B US53N,

il oo 00l 33 Aigas 10+ + 5 s A0 (PPM) o5 (ankeacss o o5 FYAYY

Capability Analysis for C1
Summary Report

How capable is the process? Customer Requirements

Upper spec 0.21
Target 007
Lower spec 0
Does the process mean differ fom 0.077 Process Characterization

9005 01 > 05 e sl
Standard devistion (overal) 3.4249

Yes. ‘No

Actual (Overall) Capabilty
Are the data inside the limits and close to the target?
Commen s

6B esld slasw mhw g J 505 390 (V) Hl0g0d

DOI: 10.22034/jsqm.2021.302798.1359



VY SS9 0 lailin] Co o ele 4y i

I (UCL) J,u8 Y o> glhlo g3 P loges laisl A;.;L.é:\fwl QT S (V) Hlogad
v Sl cwl alils 029 YIFY jlaw Glpmil b el YV F dged 2 50 (1Sl jsbay

L oo ol |y as ;0 A0 Glaebl LY sae YN T LS

Clalgaiing 9 5 paSdagis 0
3 3 e 53 anl bl U5 3,05 Jas ol ol ags 5l Gas
ool Gados ol Ao bl e joly Blble s S0 o ol ol sl
5o dlbiee )z 4 MATLAB 4 MINITAB la)l8le 5 sla o>5,>
3k ol 50 (5,5 diged g 5l 5 Jae 2l sl DMLl 65T 0ex
bgsye aS oa.&d)ﬂéo.? el 00 asas Ve O jgoas rosls L cuwl sadioslaiul oS
SISs sl can sl s conle 4y dzgi b el 009 OISLE adgs 6,559, Ve
slael 51 Cogae wly b e glallas cogas b gl 51 Soye slp
ol l ladifegd (o318 olael yoly plols smio &S 0 o des a5l soeleawsa
SleMbl wlal i pread gl Joo Colis (il £4i 0 sl 518 slacl aslos S
S5 e 03,5 ez 3 $140sTar |, sy slaasly g asls il 1, 5 el
L) (6 S peeead ALz loan 5 ol Jpame 5 a8ly CoieS oaniS ol a5
b5 lp ol (S 5l )l b S 5l gl Lo o8 o b (8
S wlBaiz zohe ALl o (g5l ale g 51 s g, bls p e 0SS
(J S o L igad Loz o J 708 S Aiged G 630 ailos 5 S By, 53 el
Al andd cnl aivgs J5S 5l )l dges 90 5 S 5l gl s wised ez
8koe 3B SPC (Bg) 3 335 5 (b
Ggad g 0353 S5 50 (551 slmosls (1P jloged Jai 5o Tyd oS ams e lis s
oy # hls 3B P loges Sl 5l anT b men axib o 7,5 J S 510 o, les
DOI: 10.22034/jsqm.2021.302798.1359



ML o 10 ) @l oy 5 650 e 50wl b gkl JyuS Jow (b VYA
Wai 10+ o Ll A0 (PPM) alsi yeakencsy o o, SYAYY (DPU) I

sloosls gl P jlogas a5l an T a5 ams e olis @l ol e sbl e sabis]
(CL) 635 o 4> 5+ (LCL) J,55 oyl 4> (UCL) 27/0 58 YL a> (sl ls (g3
e Sl b als YNV F dised 5o 50 (0Sle jsbar ired llige <1Vl
ol 1y as,0 90 licebl LY sae 51 YN F LXw mlaw i 515 0500 0424 Y/FY
A8 slalages a8 (V) 1ol 5 GWsS @l b ol (hash mld wes s
ools sleiiny rsioy lp 0 mhw 2 1, (0384) Ti5, 5 Sily Lawssi oud byee (5508

Lylel ol S Jow (V22 9) o860 5 5o Juelow! fuioman .ol gucad Q5090

58 an Ty gyl Jlogai drnsi 5 Jgame slagais sl 758 ¢l @56 e i,

50,5 S b jmds cons
a5 ol potlols gimio &8 b gy Y Tenble 9,4 (s plid 5 Gaiow @l 4 425 L
CodnS J S axly (LS Ol 90,5 oo slpiing (sl Hlo 95 o Uas ws o JBlas
ol sleyss 5 p3Y sl Bsel 5l eslinul b 65 il s Sy lzl cuz o 5
W5 3 aeried g jw SPC Al Cds byl sl ST Slidss s Les b
B asdlaes o0 1) (658 5 SIS 1) bl caslllans 9o S g8 ntS b riren

NES¥-N)

1 Giilbay et al.
2 Wang and Raz

DOI: 10.22034/jsqm.2021.302798.1359



A SS9 0 lailin] Co o ele 4y i

&‘ » 7
Alinejad, K., dabbagh, R., Shirzad, A. (2019). Statistical Quality Control Based on
the Process Capability Index and Control Charts with Fuzzy Approach (Case Study:
Water and Wastewater Company of West Azerbaijan Province). Amirkabir Journal
of Civil Engineering, 51(4), 699-712. doi: 10.22060/ceej.2018.13897.5504.
Zhang, D. and Lu, Q. (2016), Robust regression analysis with LR-type fuzzy input
variables and fuzzy output variable, Journal of Data Analysis and Information

Processing, 4, 64-80.

Sarina Abdul Halim Lim, Jiju Antony, Norin Arshed & Saja Albliwi (2017) A
systematic review of statistical process control implementation in the food
manufacturing industry, Total Quality Management & Business Excellence, 28:1-2,
176-189, DOI: 10.1080/14783363.2015.1050181

Ebrahimi, E., Ghasem Akbari, M., & Etminan, J. (2012). Quality control chart C based
on fuzzy data using bootstrap confidence interval and Yao-view meter. 11th national
conference  on intelligent  systems.  Tehran. Iran.  (In  Persian).
https://civilica.com/doc/214610/

Alizadeh, H. M., & Ghomi, S. M. T. (2011). Fuzzy development of Mean and Range
control charts using statistical properties of different representative values. Journal of
intelligent & fuzzy systems, 22(5, 6), 253-265.

Kaya, I., & Kahraman, C. (2011). Process capability analyses based on fuzzy
measurements and fuzzy control charts. Expert systems with applications, 38(4),
3172-3184.

Noghondarian, K., (2009). Statistical Quality Control, Iran University of Science and
Technology Press. Tehran. Iran. (In Persian).

Esmaeilpour, R., Ramezanian, M., Kazemof, F. (2009). Presenting a model of fuzzy
statistical process control with fuzzy mode method to control product defects.
Industrial management journal, 1(2), 1-18. (In Persian).

Ertugrul.l, & Aytac .E (2009). Construction of quality control charts by using
probability and fuzzy approaches and an application in a textile company. Journal of
Intelligent Manufacturing, 20, 139-149.

Giilbay, M., Kahraman, C., & Ruan, D. (2004). a-Cut fuzzy control charts for
linguistic data. International journal of intelligent systems, 19(12), 1173-1195.

DOI: 10.22034/jsqm.2021.302798.1359



M Caxto 5 ol @l g2 9 38 e 50 anl B el S8 Joe (b W
El-Shal, S. M. and Morris, A. S., (2000) "A Fuzzy Rule-Based Algorithm to Improve
the Performance of Statistical Process Control in Quality Systems", Journal of
Intelligent and Fuzzy Systems Vol. 9, pp. 207-223.

Montgomery, D. C. (1997). Introduction to statistical quality control. New York, NY
[u.a.]: Wiley. ISBN: 0471303534

Kahraman, C. and et al, (1995) "Using Triangular Fuzzy Numbers in the Tests of
Control Charts for Unnatural patterns”, INRIA/IEEE Conference, Paris-France, vol.
3, pp. 291-298.

Kanagawa, A., Tamaki, F., & Ohta, H. (1993). Control charts for process average and
variability based on linguistic data. The International Journal of Production
Research, (1), 91 -922.

Wang, J. H., & Raz, T. (1990). On the construction of control charts using linguistic
variables. The international journal of production research, 28(3), 477-487.

DOI: 10.22034/jsqm.2021.302798.1359



AR SS9 0 lailin] Co o ele 4y i

Research paper

Designing a Statistical Process Control model in a Fuzzy
Environment and investigation its result on Chocolate
Industry

Bahavar Aazarmizad?!, Kamaleddin Rahmani Yoshanlui?*, Alireza Bafandeh Zendeh?,
Sirous Fakhimiazer?

Received:2021/09/02
Accepted:2021/11/22

Abstract

In engineering and industrial production, the quality control and quality engineering
department are designing methods by which the factory can ensure the quality and
customer-friendliness of its products. The main topic of quality control is related to
sampling of products, inspection of those samples and generalization of results to the total
accumulation of the product, which is done based on Statistical Method. This study aims
to design an applied model of Statistical Process Control in a Fuzzy Environment and
investigate its effects on Dadash Baradar Industrial Company. This is an applied and
descriptive research. Considering the seven characteristics of Chocolate, the defects of the
products are identified. Library studies are carried out to extract the number of defects, as
a result of which a Fuzzy Mode Method is designed, then through meetings with experts
and review of products samples, Fuzzy numbers appropriate to the type of defect were
identified. Next, using Matlab software for the Fuzzy Mode Method, it was coded in U-C
diagram to display the outputs as linguistic terms: under control, relatively under control,
relatively out of control and out of control, which represent the quality level of the product.
Based on the results of this model, it was found that the Statistical Process Control method
in Fuzzy Environment has a more accurate and intelligent performance than the classical
method. Due to this important issue, implementation of the new method was proposed to
the company

Keywords: Chocolate, Fuzzy Environment, Fuzzy Mode, Statistical Process Control
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