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Abstract

The coefficient of variation represents the ratio of the standard deviation to the mean, and it is a useful
statistic for comparing the degree of variation from one data series to another, even if the means are drastically
different from each other. Recently, the CV control chart is developed for monitoring processes in such situations.
However, the CV control chart has low performance in detecting small shift. Due to the development of equipment
and technique, currently, small shift of process occurs more frequently than large shift.In this paper, we proposes
the CV-CUSUM control chart using CUSUM scheme which is cumulative sum of the deviations between each
data point and a target value to detect a small shift in the process. We also found that the FIR(fast initial response)
CUSUM control chart is especially valuable at start—up or after a CV-CUSUM control chart has signaled
out—of—control.
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B AW oz CV-EWMA #2]%=7} CV-CUSUM A, EWMA 7192 283 sl =] e dAlx

e wo e 58 RS HS FIE 4 9l AlZEe] Bl wet wghs ¥ CUSUM 7S
th. a8e) = Etalar CV-CUSUM #e]= CV-EWMA gk A wAgE HESAAS AREE] Wl

ol Hls) ofefje} e 7 7HA] S zhar Qi) 3l Al @l A A-go] wl-g- st
A, A APAFgEe] WA= B, & A Bt o] gt o] wiel wEd FYE Hjagtow C
9] o]go] XM O F71E B¢, CUSUM 7I'H& ¢  EWMA #e=9} CV-CUSUM #&=g H|alsto]
3 #e] =7 EWMA 7198 488 7he] ol v)s) $5e TS BAE 5 glon Agstaql ke T4
<E 3> CV-CUSUM #Z|Z29} CV-EWMA 2|zl +8 T i}
~=0.15 v=0.1 ~=0.05

Shift Cv- Cv- CV- CV- Cv- CV-
size(%) CUSUM EWMA CUSUM EWMA CUSUM EWMA

n=>5(k=0.5, h=4.84) n=>5k=0.5, h=4.83) n=>5(k=0.5, h=4.81)

0 369.0 370.10 370.1 370.10 371.0 370.00

5 157.25 139.71 156.04 139.52 155.53 138.45

10 71.66 57.39 70.66 57.16 70.07 56.46

20 24.57 19.01 23.78 18.78 23.56 18.66

40 8.62 6.48 8.43 6.38 8.33 6.32

50 6.42 4.70 6.29 4.62 6.25 4.59

100 2.99 2.00 2.97 1.99 2.93 1.98
n=10(k=0.5, h=4.805) n=10(k=0.5, h=4.795) n=10(k=0.5, h=4.785)

0 370.0 370.0 370.0 371.0 370.0 370.0

5 116.93 93.79 115.06 91.92 113,51 90.75

10 41.39 31.92 40.91 31.42 39.95 30.92

20 13.06 10.11 12.76 9.91 12.57 9.84

40 5.02 3.54 4.96 3.46 4.88 3.40

50 3.89 2.60 3.81 2.56 3.78 2.54

100 1.97 1.31 1.95 1.30 1.93 1.29
n=15k=0.5, h=4.79) n=15(k=0.5, h=4.785) n=15(k=0.5, h=4.785)

0 370.0 371.00 370.0 371.0 370.0 371.0

5 91.23 69.89 89.70 68.85 89.35 68.49

10 29.09 22.27 28.76 22.01 28.25 21.65

20 9.35 7.07 9.16 6.96 9.06 6.91

40 3.85 2.57 3.80 2.52 3.76 2.49

50 3.03 1.94 2.99 1.91 2.97 1.89

100 1.59 1.12 1.58 1.11 1.57 1.11
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Aol 9= B AHEHA AEs & o] & AMESke o] ARL& V| Aot} =g vug &, CV
oF gk}, FExet CV-CUSUM #YEZE AsH| s, CV-C
obef < 4> A= nF At W CV-CUSUM  USUM #&]%¢} FIR CV-CUSUM ] =2 72} u)al
7%, FIR CV-CUSUM #e]%9} 7129 OV Ba% a9l
<E 4> WEASe 27]9} HEZ(%)Ol T FIR CV-CUSUM Bzlgel +8E H7}
Shift =5
size(%) y=0.15(k=0.5, h=4.84) v=0.1(k=0.5, h=4.83) ¥=0.05(k=0.5, h=4.81)
BIE | oy Cusom | cvsom | O | cv-cosom | cosm | | ev-cosom | cosmm | O
0 341.05 369.0 | 370 341.01 3701 | 3710 | 341.00 371.0 370.0
5 139.82 157.25 | 269.1 | 14147 156.04 | 2582 | 139.71 15553 | 257.6
10 60.94 7166 | 1613 | 60.45 7066 | 1607 59.64 70.07 160.3
20 18.65 2457 | 66.8 18.42 2378 | 66.1 18.38 23.56 65.7
40 5.71 8.62 18.2 5.69 8.43 17.9 5.57 8.33 17.1
50 4.16 6.42 11.3 415 6.29 10.9 411 6.25 10.6
100 1.94 2.99 3.5 1.93 2.97 3.3 1.92 2.93 3.1
Shift n=10
size(%) v=0.15(k=0.5, h=4.805) v=0.1(k=0.5, h=4.795) ¥=0.05(k=0.5, h=4.785)
de= CV—E%{SUM CLCI’;/L_IM cv CV*E%QSUM CS;/I}M cv CV*E?J{SUM CI%/[;M cv
0 341.03 3700 | 371 341.01 3700 | 371 341.01 370.0 371
5 99.32 11693 | 2334 |  99.31 11506 | 232.6 99.28 11351 | 2317
10 31.97 4139 | 1231 31.95 4091 | 1223 31.90 39.95 121.6
20 8.53 13.06 | 380 8.53 1276 | 377 8.49 12.57 37.2
40 3.07 5.02 8.3 3.05 4.96 8.2 3.04 4.88 7.8
50 2.37 3.89 5.1 2.36 3.81 49 2.36 3.78 48
100 1.32 1.97 16 1.31 1.95 1.6 1.30 1.93 15
Shift n=1o
size(%) ¥=0.15(k=0.5, h=4.79) ¥=0.1(k=0.5, h=4.785) ¥=0.05(k=0.5, h=4.785)
#el= CV—EESUM CLCIZL}M v CV—EESUM CSX{H\/I eV CV—E%QSUM CS:;M v
0 341.01 3700 | 370 341.00 3700 | 370 341.01 370.0 370
5 76.60 9123 | 210.1 76.61 89.70 | 209.3 76.60 89.35 208.5
10 21.24 2009 | 974 21.22 2876 | 96.9 21.22 28.95 96.6
20 5.80 9.35 95.7 5.79 9.16 5.4 5.79 9.06 25.2
40 2.33 3.85 5.2 2.31 3.80 5.1 2.31 3.76 4.9
50 1.84 3.03 3.2 1.83 2.99 3.1 1.83 2.97 3.0
100 1.13 1.59 1.2 1.13 1.58 1.2 112 157 1.2
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9 CV-CUSUM #e|Ext} o4 991e o e 711
b As ovleit), ey %74]#«1 W37t gl
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M S wlo

n

n=5 n=10
Oy=0.15 Hy=0.1 Oy=0.05

<38 4> CV &2|E2} CV-CUSUM &z|ze| sl E
H| 1 (shift size=25%)

2007). CV #E|%E= CV SAZe 2 Wi nsty
oA oR A2 HEs A she o] oA &
Ao] et E o 7] CV ek B§)
o] CV A 22 W] o wgsiA whgshs
CV-CUSUM #Z|EE A5A Adsta 1 F3%E
Brretgih FAlol B 270 & Zo] gA W}

wAek 49 dElEe] A5 9fste] CV-CUSUM #
2% FIR 7|"& A&tk L 23, CV-CUSUM
HYEE CV #ewd vlste] CV A 42 WE
of o RIZFsHA w33 gRlstlen, FIR CV-CUS
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[1] o]vka], Z33L, AAR(2004), “TAHEEE
CV ,L}g] 9 EAR AA", M=o A ] 2k
3]A],, 2748, 3%, pp. 14-20.

[2] 9%, 23S, 9A4, 731-(2008), “EWMA 7|
< 443 CV AT M, Tehaitd A GA =8
sks]#],, 31¢¥, 43, pp. 114-120.

[3] Connett, J. E. and Lee, W. W.(1990), “Estimation of
the Coefficient of Variation from Laboratory Analysis
of Split Specimens for Quality Control in Clinical
Trials”, Controlled Clinical Trials, Vol. 11, pp. 24-36.

[4] Chang, J. T. and Fricker JR. R. D.(1999), “Detecting
When a Monotonically Increasing Mean has Crossed
a Threshold”, Journal of Quality Technology, Vol.
31, No 2, pp. 217-233..

[5] Hawkins, D. M. and Olwell, H. D.(1997), Cunuiative
Sum Charts and Charting for Quality Improvement,
Springer, New York.

[6] Iglewicz, B. and Myers, R. H.(1970), “Comparisons
of Approximations to the Percentage Points of the
Sample Coefficient of Variation”, 7echnometrics,
Vol. 12, No 1, pp. 166-169.

[7] Kang, C. W., Lee, M. S., Seong, Y. J., and Hawkins,
D. M.(2007), “A Control Chart for the Coefficient
of Variation”, Journal of Quality Technology, Vol.
39, pp. 151-158.

[8] Lucas, J. M. and Crosier, R. B.(1982), “Fast Initial
Response for CUSUM Quality Control Schemes”,
Technometrics, Vol. 24, No 3, pp. 199-205.

[9] McKay, A. T.(1932), “Distribution of the Coeffici

o%o
ot

)

_1




ERHG IR

M| 382 35/321

[10]

[11]

ent of Variation and the Extended “t” Distribution”,
Journal of the Royal Statistical Society, Vol. 95,
No. 4, pp. 695-698.

Nelson, L. S.(1999), “Some Notes on Variation”,
Journal of Quality Technology, Vol. 31, No. 4, pp.
459-462.

Reh, W. and Scheffler, B.(1996), “Significance and
Tests Confidence Intervals for Tests and Coefficient
of Variation”, Computational Statistics & Data Anal

20109 2¢ 144 3, 20109 7€ 3¥ 1A}

44, 20109 849 229 23}

ysis, Vol. 22, pp. 449-452.

Shi, L. et al.(2006), “The Micro Array Quality Control
Project Shows Inter and Intra Platform Reproducibility
of Gene Expression Measurements’, Nature Biotechn
ology, Vol. 24, No. 9, pp. 1151-1161.

Vangel, M. G.(1996), “Confidence Intervals for a
Normal Coefficient of Variation”, 7he American
Statistician, Vol. 15, No. 1, pp. 21-25.

474, 20104 89 249 e




