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Abstract

This paper proposes voriable stream and sample size(VSSS) group control charts in which
both the number of streams selected for sampling and sample size from each of the selected
streams are allowed to vary based on the values of the preceding sample statistics. The proposed
charts select a small portion of sireams and toke samples of size n=1 if both the largest and
smallest of sample means fail between the lower and upper threshold limits, and select a large
portion of streams and take samples of size n) 1 otherwise. A Markev chain approach is used
to derive the formulas for evaluating the performances of the proposed charts. Numerical
comparisons are mode between the VS5S and fixed stream and sample sizelF$5S) group contro!
charts.
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VSSS
5 FSS8 (M) :
(5, 4) (10, 2), (5, 8) 0.4 |
0.5 288.26 188.87 236.70 141.00 187.03 f
10 145.73 33.64 8543 15.99 25.01
ARL 15 52.04 8.06 13.96 5.50 365
2.0 18,44 3.84 416 447 1.40
25 758 293 184 374 1.05
3.0 3.75 2.70 1.28 3.42 1.00
0.5 2882.63 2028.66 251830 1618.88 2132.95
1.0 1457.26 413.9 826.32 246.32 438.49
ANOS 1.5 520.43 109.64 218.72 98.52 111.07
2.0 184.34 54.33 76.34 80.69 54.07
2.5 78.77 42.04 37.96 76.33 4212
30 37.45 39.14 2563 72.00 40.17
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V58S
& FS$S (M Py

(s, 4) {10, 2} {5, 8 (10, 4)

05 213.24 90.85 135.19 51.09 80.97

10 67.46 9.21 19.55 320 505

ARL 15 19.56 2.3t 417 1.38 1.36
2.0 8.70 1.34 1.68 1.22 1.02

25 2.92 117 112 1.18 1.00

3.0 1.66 1.13 1.01 1.16 1.00

0.5 2131.41 1095.30 1609.32 766.82 1183.08

1.0 874.57 151.00 326.61 94.48 165.79

ANGS 15 195.58 42.84 81.74 4793 54.19
20 67.02 25.54 3357 4369 40.72

25 20,22 2228 2.3 4321 40.01

3.0 16.56 2171 20.22 42,83 40.00

B 4. F555 JBIU2| o VSSS IRA2 2| AR ANOS
(M=10, r=1, ARL;= 350, ANOS;= 3500, (M= (4, DR A9
VSSS |
5 FSSS (M, ) |

{5 4 (10, 2) s, 8 (10, 4)

0.5 288.26 21477 249,20 181.35 218.77

1.0 145.73 41.94 75.28 21.64 3558

ARL 1.5 52.04 9.35 16.05 6.16 466
20 18.44 413 453 419 1.50

25 7.58 297 2.01 3.51 1.07

3.0 375 2,64 1.30 3.04 1.01

05 2882.63 2254.68 2610.31 1989.87 2387.11

10 1457.25 499.08 907 47 312.03 542,44

ANGS 15 520.43 124.87 237.70 109.23 124.84
2.0 184.24 58.04 80.30 §3.43 56.38

25 75.77 43.07 38.99 75.97 42.54

3.0 37.45 58.69 25.95 69.24 40.21
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{5, 4) {10, 2) {5 8 {10, 4)
05 213.24 112,99 150.74 77.98 110.48
1.0 57.46 11.40 60.97 4.10 6.93
ARL 15 19.56 253 832 143 1.45
20 6.70 1.38 1.73 121 1.02
25 292 1.17 113 117 1.00
30 1.66 113 1.09 1.14 1.00
0.5 213141 1301.85 1722.83 1032.20 1432.40
1.0 674.57 177.20 809.68 110.09 195.18
ANOS 15 195.58 46.19 166.38 49.40 57.33
2.0 67.02 _ 26.18 34.56 4383 40.99
25 29.22 22.37 22.61 43.09 40,01
30 16.56 21.62 20.25 42,52 40.00
FE FolT Zlo] £x, 1 W9 B9 2EYY FE Folz B5X9 £F sEe o) 28 ¢ 4§ Yok
5 2 &

of AFohNE TR ol4fo] RS TisAcl B AlE YRR 2EYOT BH )19 BEE AFaT,
T23A 42 A dA 25 F AR HL $o] 2AEFPLE HE] n= 1 FES AHshs VSSS 2FBEEE
AL A¢E 1FPE T ARLF ANOSE AMBHE HES mol2Z A4S o438l fesign vsss
ZEUTUEE FSSS TEaeeet s £ A AGd b FRAT /PEE REE TR 2 FAvlge
7Kgl 712 2EReEY BaS AEE 22 UL ¢ & Y%tk
AT VSSS JFBASE AHEstE T ol Fddle] TARYE B oI5 W gAY & gouk olddET}
S o Az oE 2B ofFUUe] TP dAME & 5 ik S, ol EI SAHY TE 2
B ZA ROl Gt ajEb B o o437t SAERE W ofE 2EY RE RAlgob kvl i
AF7E oJFolHe} & Hojrt.

- o
a5

(1] Amin, R. W. and Miller, R. W_,"Robustness Study of X Charts with Variable Sampling Fntervals™, Journal of Quality
Technology, Vol. 25, pp. 36-44, 1993,

(2] Baxley, R. W., Ir, “An Application of Variable Sampling Interval Control Charts”, Journal of Quality Technology,
Vol. 27, pp. 275-282, 1995,

[31 Boyd, D. F., “Applying The Group Chart for X and R ™, Industrial Quality Contrel, Vol. 7, pp. 2225, 1950.



b 224 9@ RRIV 2FHEE 341

{4) Costa, A. F. B., “X Charts with Variable Sample Size” Journal of Quality Technology, Vol. 26, pp. 155-163, 1994
[5] Mortell, R. R. and Runger, G. C., “Statistical Process Control of Multiple Stream Processes”, Journal of Quality
Technology, Vol. 27, pp. 1-12, 1995,
[6] Nelsen, L, S., “Controi Chart for Multiple Sweam Processes”, Journal of Quality Technology, Vol. 18, pp. 255-256,
1986. i
[7] Nelson, P. R. and Stephenson, P. L., “Runs Tests for Group Control Charts”, Communications in Statistics-Theory
and Methods, Vol. 25, pp. 2739-2765, 1996.
(8] Prabhu, 5. S., Runger, G. C. and Keats, J. B., “An Adaptive Sample Size X Chart”, International Journal of Production
Research, Vol. 31, pp. 2895-2909, 1993
(9] Prybutok, V. R., Clayton, H. R, and Harvey, M. M., “Comparison of Fixed versus Variable Sampling Interval Shewhart
X Control Charts in the Presence of Positively Autocorrelated Data”, Communications in Statistics-Simulation and
Computation, Yol. 26, pp. 83-106, 1997.
(10] Reynolds, M. R. Jr., “Shewhart and EWMA Variable Sampling Interval Conirol Charts with Sampling at Fixed
Times”, Journal of Quality Technology, Vol. 28, pp. 199-212, 1998,
[11] Reynolds, M. R. Jr., “Variable Sampling Interval Control Charts with Sampling at Fixed Times”, HE Transactions,
Vol. 28, pp. 497-510, 1996, '
(12] Reynolds, M. R., Ir., Amin, R. W., Amold, J. C. and Nachlas, J. A., “Y Charts with Variable Sampling Intervals”,
Technometrics, Vol. 30, pp. 181-192, 1988.
[13] Reynolds, M. R, Jr, Amold, J. C. and Baik, . W,, “Variable Sampling Interval X Chars in The Presence of
Corvelation”, Journal of Quality Technology, Vol. 28, pp. 12-30, 1996, I
(14} Runger, G. C., Ali, F. B. and Montgomery, D. C., “Controlling Multiple Stream Processes with Principal Components”,
International Journal of Production Research, Vol. 34, pp. 2991-2999, 1996,
[15] Runger, G. C. and Montgomery, D. C,, “Adaptive Sempling Enhancements for -Shewhart Control Charts”, {IE
Transactions, Vol. 25, pp. 41-51, 1993,
[16] Runger, G. C. and Pignatiello, J. J., Jr., “Adaptive Sampling for Process Control”, Journal of Quality Technology,
Vol 23, pp. 135-135, 1991.
[17] Vaughan, R. J. and Venables, W. N., “Permanent Expressions for Order Statistics Densities”, Journat of Royal
Statistical Society-Ser. B, Vol. 34, pp. 308-310, 1972

984 23 A= Fe, 98\ B 2T H



342 oA"Y - giEA]

A Y E
Al17 &
M Z 2EYY Ag
” A 2299 FRRE j= 1M
H 33 EEA
v FARTHA
X, ivA AN jHA 224 FRAH, i=1,2, . j=1 M
¢ cHYE F¥EH FAP T HF
M, P9 BEANHAGAN defd 2ER-Y 7 i=1,2,
n; iWA BEAAAAAN HdE dzte] ~EPos HH B BEXY £ i=1,2,
k AL A
k FARAA A
7, igs BRAHANFNN A9 2EQ9] PP
Ztn) MY E2sE ERREE 29 24%
mmhn(X ol 6}
Z0tm) W9 BRYY ERdEE 39 A0
/X, 40 )
Moy My e 2EREI] D 2 ABYRIL 2< My (M S M
My s ) e REA7| € & BEATY ny (g

P, n)  MAF A 22 FYFEO ZEA oA 009F FTHINE o FelRd 3t of
AT SNY GE |

GhMny M F e 2EYAINS FAFTO) BER oAl 00D SRS ol thid EEAN
HolMe] 2EU% TR 277} 4% M, % ry 7t B BE, (=12

R; vpolZE Ase] Jepusy

Punmn A m AN A m 2 Gold Fo|HE

P YAVFHE B9 FolBERE

I b b

Cr A mol A E i ol 10lm YA daef & 0 W

1 RE 929 go] 191 W

N, 274970 mQ A%, FIANZANYRE Ao o3 olpusrt 2Ad Ay F2AANA
9 &

0, V407t m Q) B4 1@*13}*]351*.*‘61 Beixd 93 oAzt 4R A7t & BEAY

W £ REAHAZAY vtz A} Fuizt mQ Ao} BRA ¢

o) FEAFERY $EUEET

(-} BEATERY FHPEYS

A2 Y (2)o Ry
L, L=0, min(M,) & i WA FRAHARAN 293 M7 2EF & TR $718 2ER Axet &



b 2EY @ &E‘ﬂ?] :L%:Jra]i 43

T, forn | D& Lo] #6012 399 ZM,n) S ZiM,n) &) 225 SBUEYST S7. 2AWLE BAA M, M, 9
rol 2713 REE B2, ZMn) 9 ZMn) 9 AFLEDSE

mintM, 1)

gln.n M, n)= !}: Pll=d) « flzi,m|!)
=0

r) [ Mr
_mmw"’”li] {M:""] fa,nlh) D

E _—
T

o] grt.
8‘-% 2B FoA FAFACl WY 2EJY JYPolrr A FTF L9 S5 j¢6,4
im (X po):’a—«l H2U=grd FHRIRPA ST, L)} B VB )€ 6,V Z; 9 REEETTY FHE
E?HLE} E}X} W ZMn) S Z M) £ (- )2 RE B 37110 SERRH (- )i 2H $& 37 M)
< HERFOE RHY £AFASIT FEEREY RIYY 37} FYHA FE B4 SHFARFA 2 )
o} Z{Mn) o) AFASEFE Vaughan 7} Venables[171¢] Zajo] whe}

Mj“’ﬂ IZH
+ " 1+
BB
' 1 g 7T Dy Ay Tt Ay
f(z,,zz|1) =———x L1 T r e (m; ‘2) (A2)
(M}_Z)! B, - B, B - B 2
C G ¢ - (C

olt}. Ad21A Ao= &z}, A= &z, Bo= Bodz) - o), Bi= Bdz)- Elz), Go= &z, Ci= &z ol3, *|A'E $2
Ao 0% FAH(determinande] AN F9] 7152 2F P9 752 WAF HrldE(permanento|th,

243, 4 (A9 fz,m|1) & 4 (A disialed Aishd 2 )8 78 £ Aok ol j¢ 6,9 249 Z, = BE
AFREE WER] € 9,9 A9 2, & Bl 3y m o)L Ealo] 19l AFRES WERZ A= ¢(z.) A= #la-dyn),
By= ¢(z.)- 02), Bo= @lz Ba'n) @(zl 6]!1) Co= $lz), Ci= lz- 5“!)0}1:}



