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An Adaptive Max-EWMA Control Chart for Simultaneous
Monitoring of Internal Time and Amplitude

WANG Yu , ZHU Yongzhong'
(School of Science, Hohai University. Nanjing, Jiangsu 211100 , China)

Abstract; Most control charts used to jointly monitor time between event and amplitude assume that the process shift
size is known, but in actual production these control charts for specific shift sizes suffer from monitoring performance degra-
dation because the shift size of the data is unknown. To this end, this paper constructs adaptive smoothing parameters for
the EWMA statistic based on unbiased estimates of time between event and amplitude. and proposes a new adaptive Max-
EWMA control chart for joint monitoring time between event and amplitude (referred to as Max-AEWMA chart) by combi-
ning the structural features of the Max-EWMA statistic. Simulations show that the proposed control chart is consistently
better than the existing Max-EWMA control chart when monitoring different size of shift in time between event and ampli-
tude. For example, whena = 4,6 =1, = 0.01,8, = 0. 59,0,, = 0.73, Max-AEWMA’s ARL, = 4. 94, Max-EWMA’
s ARL, = 4. 94. The paper also concludes with an empirical analysis to verify the superiority of the method.
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2.0, 2.0 0. 841 100. 039 0.510 99. 661 1.583 370. 208 2.389 369. 558
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2 X~ Gamma (4,1),T ~ Exp(0.01),¢ = 0.05,ARL, = 100 f§ Max- AEWMA #n & fi=Hl B ARL, k&

Oa
O
0.48 0.59 0. 69 0.79 0.9 1
T 100 100 100 100 100 100
X 4. 647 7.822 13.858 25.713 49. 747 100. 003
T&.X 6.103 10. 814 19. 726 36. 009 62. 985 99.99
Rate 9.251 10. 33 17.188 39.763 62.921 99. 991
Max-EWMA 7.893 10. 822 16. 383 29.972 74.991 99.471
Max-AEWMA 4.032 6.138 9. 745 17. 876 40. 134 99. 834
""""""""""" T s9.001  59.001  59.001 59,001  59.00  59.001
X 5.361 9. 025 15.99 29.668 57.4 115. 388
0. 87 T&X 6.668 11.513 20. 09 34.032 53.219 73.781
Rate 7.634 7.532 11. 812 31.423 48.736 75.352
Max-EWMA 7.71 10.502 15. 209 25.302 46. 187 52. 141
Max-AEWMA 4,045 6. 045 9.325 15. 633 29.733 50. 768
""""""""""" T  a7.284  37.284  37.284  37.284 37.284 37.284
X 6.336 10. 666 18. 898 35.063 67.837 136. 367
0,73 T&X 7.429 12,284 19. 955 30. 401 41.761 51.224
Rate 7.369 6.931 9.823 26. 217 39.061 57.953
Max-EWMA 7.373 9.683 12.914 18. 249 24.025 25.148
Max-AEWMA 3.669 4. 94 6. 484 8. 248 10. 127 11.393
""""""""""" T 24311 24,311 24,311 24,311  24.311  24.311
X 7.744 13.036 23.097 42. 854 82.912 166.671
06 T&X 8.165 12.571 18. 429 24.793 30.218 33.884
Rate 7.191 6.617 8.483 21.811 31.062 44,061
Max-EWMA 6. 664 8.22 10. 142 12.18 13.551 13.792
Max-AEWMA 3.058 3.672 4.262 4.818 5.254 5.537
""""""""""" T  16.665  16.665  16.665 16.665 16.665 16.665
X 9. 957 16. 761 29.696 55.099 106. 601 214. 291
0,47 T&X 8.748 12. 167 15. 816 18. 948 21.124 22.397
Rate 7.18 6.653 7.757 18.197 24.579 33.104
Max-EWMA 5.646 6. 466 7.128 7.692 7.997 7.901
Max-AEWMA 2.394 2.658 2.876 3. 056 3.191 3.297
""""""""""" T 12494 12,494 12,494 12,494 12,494 12,494
X 13.94 23.465 41.575 77.138 149. 241 300. 008
033 T&X 9. 196 11. 364 13. 204 14.5 15. 281 15. 699
Rate 7.546 7.232 7.778 15.519 19. 66 24.871
Max-EWMA 4.166 4.395 4,539 4. 608 4.639 4. 634
Max-AEWMA 1.779 1. 867 1.928 1.97 2.011 2.027
%£3 ARL, = 370,0 = 0.05 1 0. 1 B Max-EWMA $5 #l BE 1 Max- AEWMA #= #JARL, EL3&
N 5 Max-EWMA Max-EWMA proposed Max-AEWMA
¢ £ w=0.05,L=2.738 w=0.1,L=3.31 ¢ =0.05,L=3.6642
1 1 368 367.8 367.4
0.85 0.85 38.7 56 33.0
0.8 0. 85 26.5 34.5 24.9
0.7 0.85 15.5 16. 6 10.2
0.5 0. 85 8.4 7.7 3.9
""""""" 0.85 oo s es T e
0.8 0.8 25.3 31.4 20.2
0.7 0.8 15.3 16.1 9.4
0.5 0.8 8.3 7.7 3.8
""""""" 0.85 oo U e T e s s
0.8 0.7 21.3 24 12.5
0.7 0.7 14.3 14. 6 7.7
0.5 0.7 8.2 7.5 3.6
""""""" 0.85 o5 T Tazos T ey s s
0.8 0.5 12.1 5.2
0.7 0.5 10. 5 4.5
0.5 0.5 7.4 3.0
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0.8,0.85} 450 ILFE 4, AT LIVLEEH]
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BCFEL B0 B B ) R D B B[] T (P S i 220 T
B[] R B 1)) M S A XS e B Y e b
A S TT B 2 18] I [) 300 i) 1 00 . S B A B A
£ BB TR R Y 50 By 0T B IR A X T[] B B ]
T. s W 5 B85 B8 T A4 i 4
g3 T ~ Exp Qe ) » 806 X 204 8045 2 4 5 43
i X ~ Gamma (a, . by) » H A 4341 #1 & 2 Fon
T:a, =2.8277, by =0. 8063, Ag, =0. 0571, ban
50 A2 RS HL AL L B 50 SRR 1 B
3t 100 40 JERER 5, =0.5. 8, =0.5 4
BT X ABIRB R a, A T B9 HE S A, -
PR 00 i B B A R POIRAS . 2 F %S
BRSBTS B B 21T B[R] Y B R 0 A,
Max-AEWMA # ] |8 25 & R 505 5 1R %
HL 2 ) R B A R T R N R B SR SR B

ik

*®4 X~ Gamma (2,2),T ~ Exp(0.5),ARL, = 370, 7" EH ¢ B Max-AEWMA =l B B9 ARL,

O Oy 4
0. 05 0.1 0.2 0.5 0.7 0.9

1 1 368. 22 371.79 372.60 371.26 370. 04 369. 15
0. 85 0. 85 44.13 77.40 131.52 150. 09 148.13 147. 43
0.8 0.85 32.90 77.15 131. 40 150. 14 148. 44 148. 30
0.7 .85 20.57 76.92 131. 60 149. 30 148. 29 148. 21
0.5 .85 9.21 72.38 132. 30 149. 16 147. 82 148.11
0. 85 0.8 35. 60 49.10 94.77 111.57 110. 58 109. 62
0.8 0.8 27.86 48.90 94.63 110. 76 110. 45 109. 22
0.7 0.8 18. 26 48.90 94.52 110. 92 109. 45 110. 30
0.5 0.8 8.71 46.91 95.39 110. 72 109. 90 109. 82
0. 85 0.7 20. 28 21.99 50.62 61.55 60. 67 60. 89
0.8 0.7 17.75 21.93 50. 35 61.38 60. 89 60. 46
0.7 0.7 13.58 21.92 50.53 61.66 60.52 60. 80
0.5 0.7 7.34 21.21 50. 90 61.38 60. 69 60. 87
0.85 0.5 6.56 6.77 16. 30 19. 54 19.33 19. 28
0.8 0.5 6.43 6. 74 16. 33 19. 66 19. 33 19.17
0.7 0.5 6.00 6. 81 16. 40 19. 68 19.45 19. 20
0.5 0.5 4.58 6.66 16. 45 19.57 19. 38 19.18
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