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In this paper the Zone Control Chart (ZCC) is developed using fuzzy 

data. The proposed chart is called as fuzzy zone control chart 

(FZCC). The control limits, zone scores and samples in FZCC are as 

triangular or trapezoidal fuzzy numbers. The performance of the 

fuzzy zone control chart is compared to fuzzy X-bar control chart by 

a simulation program. Using these experiments, it is shown that 

there are fuzzy zone control charts with result in superior average 

run length (ARL) performance in comparison to fuzzy X-bar control 

chart. 
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ي استفاده فاز Xها داراي ابهام هستند معمولاً از نمودار براي کنترل ميانگين فرآيند در حالتيکه داده

اي با استفاده از تئوري نمودار کنترل منطقهبراي کنترل فرآيند در چنين حالتي، در اين مقاله شود. مي

اي فازي ناميده شده است. هاي فازي توسعه داده شده و نمودار حاصل نمودار کنترل منطقهمجموعه

که با است شده  طراحي يسازهيک برنامه شبي ياي فازعملکرد نمودار کنترل منطقه يبررس يبرا

 Xنمودار و همچنين  ياي فازکنترل منطقه هاينمودار دنبالهدر ر طول متوسط ياستفاده از آن مقاد

نشان  يسازهيج حاصل از شبيسه شده است. نتايمقاهم نمودار با  دو نيمحاسبه و عملکرد ا يفاز

با و بدون استفاده از مشخصه واکنش اوليه سريع  ياي فازدار کنترل منطقهدهد که عملکرد نمويم

(FIR ) از نمودارX ند ين فرآيانگيرات کوچک در مييص تغيدر تشخ ين برتريو ا بودهبهتر  يفاز

ه اطلاعات را در شرايط واقعي ک اين نمودارکاربرد  ياي فازنمودار کنترل منطقهطراحي  ر است.يچشمگ

اي نمودار کنترل منطقهاز توان ميبا توجه به بهبود کنترل فرايند داراي ابهام هستند افزايش داده و 

نموداستفاده  يفاز Xبه عنوان جايگزين نمودار  يفاز

Control Chart

SPC

X

µ

Shewhart

X

CUSUM

EWMAZone 

Control Chart
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X FIR

 مشخصات نمودار

 

 مقدار تغيير در ميانگين

 IS3, IS2, IS1IS= (IS ,4( شماره

)4, S3, S2, S1S= (S 
IH 

H 
0 2/0 4/0 6/0 8/0 1 4/1 8/1 2 5/2 3 4 5 

- - - 6/370 3/303 2/200 5/111 3/71 1/33 3/13 7/3 3/6 2/3 0/2 2/1 0/1 

5FZCC
(13،11،20،20)IS= 

(1،3،3،1) S= 

20 

20 
3/0 2/376 6/173 3/56 0/22 6/10 1/6 0/3 1/2 1/1 6/1 3/1 1/1 0/1 

6FZCC 
I S= 

 S= 

6/11 

6/11 
5/0 2/371 3/173 0/57 3/22 0/11 3/6 2/3 3/2 1/2 7/1 5/1 2/1 0/1 

7FZCC
I S= 

  S= 

3/33 

3/33 
7/0 1/372 3/137 1/61 7/22 3/10 7/5 3/2 0/2 3/1 5/1 3/1 1/1 0/1 

8FZCC 
I S=

S 

23 

23 
0/1 3/373 3/176 2/56 5/21 2/10 0/6 0/3 2/2 0/2 7/1 5/1 2/1 0/1 

 

 (FIR)بدون مشخصه  Δ=055 اي فازي در حالت. عملکرد نمودار کنترل منطقه3جدول 

 

 (FIR)با مشخصه  Δ=055اي فازي در حالت . عملکرد نمودار کنترل منطقه4جدول 

X

 مقدار تغيير در ميانگين مشخصات نمودار

S=(S1, S2, S3, S4) H 0 2/0 شماره  4/0  6/0  8/0  1 4/1  8/1  2 5/2  3 4 5 
FZCC9 (0،1،7،3) S= 3 6/102  7/72  1/33  5/20  3/12  3/3  7/3  3/3  1/2  3/2  1/1  5/1  2/1  

FZCC10 (0،1،3،5) S= 5 3/151  3/17  6/35  2/23  7/13  1/1  1/5  6/3  1/3  3/2  0/2  5/1  2/1  

FZCC11 (0،1،7،10) S= 01  6/203  5/133  3/60  3/21  3/16  5/10  6/5  7/3  2/3  3/2  0/2  5/1  2/1  

FZCC12 (0،1،5،7) S= 7 3/253  7/153  3/65  7/30  0/17  3/10  3/5  1/3  3/3  5/2  0/2  5/1  2/1  

FZCC13 (1،3،6،11) S= 11  6/321  3/132  3/73  3/33  1/11  2/12  7/6  5/3  1/3  3/2  2/2  5/1  2/1  

FZCC14 (0،1،3،3) S= 3 6/313  7/223  1/33  3/33  3/20  3/12  3/6  1/3  5/3  6/2  1/2  5/1  2/1  

FZCC15 (0،1،7،13) S= 31  1/371  3/275  1/107  7/35  1/23  7/13  7/6  3/3  6/3  6/2  1/2  5/1  2/1  

FZCC16 (0،1،6،12) S= 21  0/533  2/303  2/116  7/33  3/23  3/13  1/6  3/3  7/3  6/2  1/2  5/1  2/1  

 ميانگين مقدار تغيير در مشخصات نمودار

 IS3, IS2, IS1IS= (IS ,4( شماره

)4, S3, S2, S1S= (S 
IH 

H 
0 2/0 4/0 6/0 8/0 1 4/1 8/1 2 5/2 3 4 5 

17FZCC
(13،11،20،20)I S= 

(1،2،13،20) S= 

20 

20 
2/101 3/65 6/21 2/13 1/7 0/5 3/2 2/2 0/2 7/1 5/1 2/1 0/1 

18FZCC 
(13،11،20،20)I S= 

(1،2،11،20) S= 

20 

20 
5/133 6/37 3/36 5/16 7/3 3/5 1/2 2/2 0/2 7/1 5/1 2/1 0/1 

19FZCC
(13،11،20،20)I S= 

(1،2،1،20) S= 

20 

20 
1/212 1/121 5/36 7/11 0/10 3/5 0/3 2/2 0/2 7/1 5/1 2/1 0/1 

20FZCC 
(13،11،20،20)I S= 

(1،2،3،20) S= 

20 

20 
5/260 3/133 2/53 7/21 6/10 1/6 1/3 2/2 0/2 7/1 5/1 2/1 0/1 

21FZCC 
(13،11،20،20)I S= 

(1،2،7،20) S= 

20 

20 
7/321 3/173 5/61 2/23 3/11 3/6 1/3 2/2 0/2 7/1 5/1 2/1 0/1 

22FZCC
(13،11،20،20)I S= 

(1،2،6،20) S= 

20 

20 
3/313 1/210 6/71 3/27 3/12 1/6 2/3 2/2 0/2 7/1 5/1 2/1 0/1 

23FZCC
(13،11،20،20)I S= 

(1،2،5،20) S= 

20 

20 
5/332 1/255 3/33 1/30 6/13 3/7 3/3 3/2 0/2 7/1 5/1 2/1 0/1 

24FZCC 
(13،11،20،20)I S= 

(1،2،3،20) S= 

20 

20 
5/536 5/303 0/101 3/35 3/15 1/7 3/3 3/2 0/2 7/1 5/1 2/1 0/1 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

25
-0

7-
17

 ]
 

                             9 / 11

https://ijiepm.iust.ac.ir/article-1-780-fa.html


                    

ARL

X

X-bar

 

 

، انتشارات دانشگاه ”کنترل کيفيت آماري" نورالسناء، رسول ، 

.1336علم و صنعت، ويرايش سوم، 

 
Raz T., Wang J.H., “Probabilistic and Memberships 

Approaches in the Construction of Control Charts for 

Linguistic data”, Production Planning and Control, Vol. 

1, 1990, pp. 147-157.. 

 

[4]

Wang, J.H., Raz, T., “On the Construction of Control 

Charts Using Linguistic Variables”, International 

Journal of Production Research, Vol. 28, 1990, pp. 477-

487. 

[5]

 

Kanagawa A., Tamaki F., Ohta H., “Control Charts for 

Process Average and Variability Based on Linguistic 

Data”, International Journal of Production Research, 

Vol. 31, No. 4, pp. 1993, 913-922. 

 

[6]

Taleb, H., Limam, M., “On Fuzzy and Probabilistic 

Control Charts”, International Journal Production 

Research, Vol. 40, No. 12, 2002, pp. 2849-2863. 

[7]

Gülbay M., Kahraman C., Ruan D., “α-Cut Fuzzy 

Control Charts for Linguistic Data”, International 

Journal of Intelligent Systems, Vol. 19, 2004, pp. 

1173-1196. 

[8]

Gülbay M., Kahraman C., “Development of Fuzzy 

Process Control Charts and Fuzzy Unnatural Pattern 

Analyses”, Computational Statistics and Data 

Analysis, Vol. 51, 2006, pp. 434-451. 

[9]

Gülbay M., Kahraman C., “An Alternative Approach 

to Fuzzy Control Charts: Direct Fuzzy Approach”, 

Information Science, Vol. 177, 2007, pp. 1463–1480. 

 

[10]

CHEN, L. H., “A Demerit Control Chart with 

Linguistic Weights”, Journal of Intelligent 

Manufacturing, Vol. 16, 2006, pp. 349–359.  
 

[11]

Zabihinpour Jahromi, S.M., Saghaei, A., Ariffin, 

M.K.A., “A Review on Fuzzy Control Charts for 

Monitoring Attribute Data”, Applied Mechanics and 

Materials, Vol. 159, No. 23, 2012, pp. 23-28. 
 

[12]

El-Shal SM., Morris A.S., “A fuzzy rule-based 

Algorithm to Improve the Performance of Statistical 

Process Control in Quality Systems”, Journal of 

Intelligence Fuzzy Systems, Vol. 9, 2000, pp. 207-

223. 
 

[13]

Rowlands H., Wang L.R., “An Approach of Fuzzy 

Logic Evaluation and Control in SPC”, Quality 

Reliability Engineering Intelligent, Vol. 16, 2000, pp. 

91-98.  

[14]

Faraz A., Moghadam, B., “Fuzzy Control Chart: A 

Better Alternative for Shewhart Average Cart”, 

Quality & Quantity, Vol. 41, 2007, pp. 375–385. 

 

[15]

Fazel Zarandi, M.H., Alaeddini, A., Turksen, I.B., “A 

Hybrid Guzzy Adaptive Sampling – Run Rules for 

Shewhart Control Charts”, Information Sciences, 

Vol. 178, 2008, pp. 1152–1170. 

 

[16]

Senturk, S., Erginel, N., "A Framework for Fuzzy 

Variable Control Charts with α-Cut", Proceedings of 

the 37th International Conference on Computers and 

Industrial Engineering, Alexandria, Egypt, 2007, pp. 

1790-1796. 
 

[17]

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

25
-0

7-
17

 ]
 

                            10 / 11

http://www.scientific.net/AMM
http://www.scientific.net/AMM
https://ijiepm.iust.ac.ir/article-1-780-fa.html


                      

  

Hsieh, Y.W., “On the Construction of Fuzzy Control 

Chart for Variables”, MSc. Thesis, National Cheng 

Kung University, Taiwan, 2005. 
 

[18]

Gross, D., Harris, C, M, Fundamental of Queuing 

Theory (3rd ed), New York, 1998, NY: Wiley-

Interscience. 

[19]

Zimmermann. H. J, Fuzzy Set Theory – and its 

Applications (3rd ed.), Kluwer Academic Publishers, 

1996. 

 

[20]

Deb. K, Multi-objective Optimization Using 

Evolutionary Algorithms, Chichester, UK: Wiley, 

2001. 
 

[18]

Erginel, N., Senturk, S., Kahraman, C. and Kaya, I., 

“Evaluating the Packing Process in Food Industry 

Using Fuzzy X and  Control Charts”, International 

Journal of Intelligence Systems, Vol. 4, No. 4, 2011, 

pp. 509-520. 
 

[19]

Wang, D., “A CUSUM Control Chart for Fuzzy 

Quality Data”, Soft Methods for Integrated 

Uncertainty Modeling, Springer-Verlag, Heidelberg, 

pp 357–364, 2006.  

 

[20]

Faraz, A., Shapiro, A.F.,  “An Application of Fuzzy 

Random Variables to Control Charts”, Fuzzy Sets 

and Systems, 161, 2010, pp.  2684–2694. 

[21]

 
Faraz, A., Baradaran Kazemzadeh, R., Bameni 

Moghadam, M., Bazdar, A., “Constructing a Fuzzy 

Shewhart Control Chart for Variables When 

Uncertainty and Randomness are Combined”, 

Quality Quant, 44, 2010, pp. 905–914. 

 

[22]

Feili, H.R., Fekraty, P., “Comparing Fuzzy Charts 

with Probability Charts and Using Them in a Textile 

Company”, The Journal of Mathematics and 

Computer Science, Vol. 1,  No. 4,  2010, pp. 258-

272. 
 

[23]

Moameni, M., Saghaei, A., Ghorbani Salanghooch, 

M., “The Effect of Measurement Error on X̃ -R̃ Fuzzy 

Control Charts”, Engineering, Technology & 

Applied Science Research, Vol. 2, No. 1, 2012, pp. 

173-176. 
 

[24]

Yaqiong, L., Man, L.K., Zhang, W., “Fuzzy Theory 

Applied in Quality Management of Distributed 

Manufacturing System: A Literature Review and 

Classification”, Journal Engineering Applications of 

Artificial Intelligence, Vol. 24, No. 2, 2011, pp. 266-

277.  

 

[25]

Jaehn, A.H., “Zone Control Chart: A New Tool for 

Quality Control”, Tappi Journal, Vol. 70, No. 2, 

1987, pp. 154-161. 

[26] 

 
Jaehn, A.H., “Improving Quality Control Efficiency 

with Zone Control Charts”, ASQC Quality Congress 

Transactions, Minneapolis, 1987, pp. 558-563. 

 

[27] 

Hendrix, C.D., “Alternative Control Charts”, Rocky 

Mountain Quality Conference Proceeding, 1989, pp. 

[28] 

31-45. 
 

Fang, J., Case, K.E., “Improving the Zone Control 

Chart”, ASQC Quality Congress Transactions, San 

Francisco, 1990, pp. 494-500. 
 

[29] 

Davis, R.B., Homer, A., Woodall, W.H., 

“Performance of the Zone Control Chart”, 

Communications in Statistics-Theory and Methods, 

Vol. 19, No. 5, 1990, pp. 1581-1589.  

 

[30] 

Davis, R.B., Jin, C., Guo, Y.Y., “Improving the 

Performance of the Zone Control Chart”, 

Communications in Statistics-Theory and Methods, 

Vol. 23, No. 12, 1994, pp. 3557-3565. 

[31] 

 
Noorosana R., Nojavan M., A Mathematical Model 

for Optimization of the Zone Control Chart, 

International Journal of Engineering Science, Vol. 9, 

No. 4, pp. 25-33, 1998. 

 

[32] 

Nojavan M., Noorosana, R., “A General Model for 

Zone Control Chart”, Proceedings of the 4th Annual 

International Conference on Quality and Reliability, 

Hong Kong, Vol. 2, 1997, pp. 183-189. 
 

[33] 

Western Electric Company, Statistical Quality 

Control Handbook, Western Electric Company Inc., 

2nd edition, 1958. 
 

[34] 

Chen, S., Hwang, C., Fuzzy Multiple Attribute 

Decision-Making: Methods and Applications, 

Springer–Verlag, Berlin/Heidelberg, 1992.  

 

[35] 

 
Feng, Y., “Gaussian Fzzy Random Variables”, Fuzzy 

Sets and Systems, 111, 2000, pp. 325-330. 
 

[36] 

Liu, B. D., Uncertainty theory-An introduction to its 

axiomatic foundations, Springer–Verlag, Berlin, 

2007. 

[37] 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

25
-0

7-
17

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

http://dl.acm.org/author_page.cfm?id=81479662985&coll=DL&dl=ACM&trk=0&cfid=123458338&cftoken=97430474
https://ijiepm.iust.ac.ir/article-1-780-fa.html
http://www.tcpdf.org

