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FIR CV-EWMA Control Chart
Eui-Pyo Hong*Jr + Hae-Woon Kang** - Chang-Wook Kang* - Jae-Won Baek**
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When the production run is short and process parameters change frequently, it is difficult to monitor the process using traditional
control charts. In such a case, the coefficient of variation (CV) is very useful for monitoring the process variability. The CV
control chart is an effective tool to control the mean and variability of process simultaneously. The CV control chart, however,
is not sensitive at small shifts in the magnitude of CV. The CV-EWMA(exponentially weighted moving average) control chart
which was developed recently is effective in detecting a small shifts of CV.

Since the CV-EWMA control chart scheme can be viewed as a weighted average of all past and current CV values, it is
very sensitive to small change of mean and variability of the process.

In this paper, we propose an FIR(Fast initial response) CV-EWMA control chart to improve the sensitivity of a CV-EWMA
scheme at process start-up or out-of-control process. Moreover, we suggest the values of design parameters and show the results
. of the performance study of FIR CV-EWMA control chart by the use of average run length( A RL).

Also, we compared the performance of FIR CV-EWMA control chart with that of the CV-EWMA control chart and we found
that the CV-EWMA control chart gives longer in-control ARL and much shorter out-of-contro]l ARL.

Keywords : Control chart, Coefficient of variation, EWMA, Fast Initial Response
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2.3 M22 HEAIS Yaal BA 2HUHY
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Reh et al. Bao Reh et al. Bao

7 (1996) | (2009) (1996) | (2009)
0.01 0.00940081 | 0.00975010 | 0.00341357 | 0.00231865
0.02 0.01880280 | 0.01950080 | 0.00682930 | 0.00463879
0.03 0.02820700 | 0.02925270 | 0.01024940 | 0.00696191
0.04 0.03761460 | 0.03900640 | 0.01367590 | 0.00928950
0.05 0.04702670 | 0.04876250 | 0.01711120 | 0.01162300
0.06 0.05644450 | 0.05852160 | 0.02055730 | 0.01396400
0.07 0.06586910 | 0.06828430 | 0.02401660 | 0.01631400
0.08 0.07530180 | 0.07805120 | 0.02749120 | 0.01867440
0.09 0.08474350 | 0.08782290 | 0.03098350 | 0.02104670
0.10 0.09419570 | 0.09760000 | 0.03449570 | 0.02343250
0.11 0.10365900 | 0.10738300 | 0.03803020 | 0.02583320
0.12 0.11313600 | 0.11717300 | 0.04158930 | 0.02825040
0.13 0.12262600 | 0.12697000 | 0.04517560 | 0.03068560
0.14 0.13213200 | 0.13677400 | 0.04879140 | 0.03314030
0.15 0.14165400 | 0.14658700 | 0.05243940 | 0.03561610
<¥ 1>2 Reh et al[15]9} Bao[3]17} 43 FE ¥%
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3. CV ZZ|=¢} CV-EWMA Z2IE

3.1 CV 22|z
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4. FIRE 0|28t CV-EWMA 22|z

EWMA #e]ke FIRE A&% &2 =& Steiner[13]°]
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iy }‘535 J7ME At EEIHEZ(Monte Carlo)
AlEH oS 100,000 WHE F3stgon A =
2E #@}/%—74] ZtolBelg] IMSL¥} Visual C++ 603
AHE-3HSI T |

53]

A Zo|(average run length :
F T n% Ve W
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Bao[3]7} AA S WEASY Hd B FAUHLS
AH&3 CV-EWMA #3 £ FIR CV-EWMA #Elze

TYEE v, FHrelr] Yl 712 Reh et al[l5]
of FAWEE o83 AAYE BIUIAN HAERSE A
& LE MEE A L2 AZAE 3tk a9 Lo

CV-EWMA #2|%=9} FIR CV-EWMA #& X9 ARL 7}

E58HA wjEE wo grow AR} E A=
AE 1A :} &, ARLy7} 3700] & w9 13 dE=
ZAA ARESLG T CV-EWMA #E]x9F FIR CV-

EWMA J&FALA Aol }E e <X 2> )

7VEA A7 AL4E EWMA 71HS AlgsiE B
= _g_ Aol Wale] wzslA et gulznozm A
= 0.05914 0.254F0]9] ke ARE3ITE A7F 025RT)

FAT - oL - TS -

U

27 S EWMA Z1WS A et BeEd 2gol 9
AAI TR e Wae AgsHA WA Rav
9. A7t 005el5tel Folm Belvt WasHA @ Ao
WE7HA AAe] R odE 9% FAVL A
9] BE AFOR 017 028 Bo] ALE3lw A W
54 a0l & A9 0058 ALgHT)
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L

<# 2> Z2BAIM HARS Al 12K ARL, = 370)

CV-EWMA(Bao)

Al ooos | o1 | ooss | e | ooss

n L
s | 2549 | 2720 | 2807 | 2860 | 2.898
10 | 252 | 2715 | 2806 | 2861 | 2901
15 | 2522 | 2712 | 2805 | 2862 | 2900

FIR CV-EWMA(Bao)

x| oos | o1 | ooas | o2 | oo

n L
s 2669 | 2822 | 2901 | 2952 | 2988
10 | 2648 | 2817 | 2899 | 2952 | 2989
15 | 2646 | 2814 | 2899 | 2953 | 2989

<q A <E e A7 01Y A, TEY =7
nd BAT MEAST 4o wet cvel tdd WsE
FRE v CV-EWMA #E k¢ FIR CV-EWMA ZHE
o YT E vng Aoty B dAFqAE FAHA
o 3T v @ FIHE A3 ZEY A7) 0 S,
10, 1591 A$= *é_ﬂo}u_ﬂ% cv «1 WEEL 590 A
200%7+A] E% Fot 93t

<E 3>~ <E 52 £79 A7} 012 ZAHRS
FIR CV-EWMA #gke #AF:
EWMA #g%e] r3#RT & AL 3
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#elze #AggA A CV-EWMA #TElxel #edh

AX Bt o & 23T @] 87EE BAFE A
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A8k Lol w4dstA AA"Eod FIR CV-EWMA
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2 7ke ZHA 9tk AAR <FE 3>9A4 CV-EWMA
Z =9 FIR CV-EWMA #3 &9 A&} L3S A=01, L
=272 FY3A AA3sHA =¥ FIR CV-EWMA #g
T ARLE 27060 ©r) o] AT FAo] A
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<& 3> CV-EWMA and FIR CV-EWMA B2|=2| £3=(ARL, SDRL) B7Hn=5)

n=5 CV-EWMA(Bao) FIR CV-EWMA(Bao)
X =01 X =01 X = 04 X =01 X =01 X = 01
parameter =272 L=272 L=272 L= 2822 I=2822 L= 2822
Shift
size(%) v = 0.05 v= 0.1 v=0.15 v=0.05 7=0.1 v=0.15
0 370.238 370.382 370.431 369.895 370.591 371.401
(374.948) (374.911) (375.023) (474.332) (481.313) (476.736)
5 163.208 163.749 163.976 143.458 145.696 145.213
(164.094) (164.778) (165.189) (187.981) (192.187) (190.477)
10 64.138 65.098 65.839 51.748 52.006 53.191
(62.379) (63.740) (64.278) (68.682) (68.679) (70.407)
15 32.728 33.329 33.847 24242 24.921 25.208
(30.226) (30.687) (31.249) (31.750) (32.614) (32.541)
20 20.055 20.359 20.684 13.745 14.346 14.657
(17.582) (18.117) (18.377) (7.731) (18.442) (18.859)
25 13.816 14.056 14.182 9.166 9.255 9.575
(11.744) (11.962) (12.191) (11.553) (11.640) (11.941)
30 10.235 10.373 10.632 6.598 6.645 6.896
(8.599) (8.637) (8.788) (8.17%) (8.209) (8.557)
40 6.543 6.584 6.616 4.016 4.103 4.184
(5.255) (5.320) (5.391) (4.639) (4.702) (4.851)
50 4.708 4.729 4.867 2.871 2.895 3.001
(3.660) (3.685) (3.692) (3.001) (3.030) (3.113)
100 2.006 2.016 2.017 1.428 1.435 1.450
(1302) (1.306) (1.306) (0.894) (0.898) (0.927)
200 1.226 1.227 1.233 1.086 1.087 1.088
(0.510) (0.514) 0.515) 0317) (0.319) (0.320)
CH 4> CV-EWMA and FIR CV-EWMA B2|50| 2845 (ARL, SDRL) B7Hn=10)
n=10 CV-EWMA(Bao) FIR CV-EWMA(Bao)
N =01 X =01 X =01 X =01 X =01 X =01
parameter L=2715 L=2715 L=2715 L=2817 L= 2817 L =2817
sigg&) y = 0.05 q =01 =015 v = 0.05 v =01 N = 015
0 370.548 370.481 370.703 370.225 370.562 370.770
(375.379) (372.251) (372.919) (479.404) (476.384) (476.813)
5 97313 98.329 98.947 82.482 83.887 84.150
(95.851) (96.964) (96.920) (107.928) (108.908) (110.040)
10 32.203 32.709 33306 23.938 24.093 24.801
(28.817) (29.208) (30.028) (30.322) (30.625) (31.226)
5 16.072 16.275 16.559 10.830 11.093 11.256
(13.157) (13.363) (13.643) (13.368) (13.749) (13.956)
2 10.002 10.052 10.262 6.321 6.435 6.524
(7.784) (7.844) (1.979) (1.475) (1.627) (7.794)
25 6.972 6.991 7.031 4210 4.263 4318
(5.261) (5.296) (5.352) (4.807) (4.817) (4.908)
30 5.251 5.348 5379 3113 3.188 3213
(3.859) (3.916) (3.965) (3.271) (3.384) (3.425)
40 3451 3.490 3.503 2.070 2.107 2.128
(2.394) (2.428) (2.466) (1.829) (1.868) (1.888)
50 2.541 2.578 2.606 1.618 1.624 1.644
(1.636) (1.692) (1.719) (1.165) (1.178) (1.196)
100 1.292 1.293 1.314 1.087 1.088 1.090
(0.565) 0.572) (0.591) (0.318). (0.319) (0.323)
200 1.022 1.023 1.023 1.005 1.005 1.005
(0.149) (0.152) (0.153) (0.069) (0.069) (0.072)
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<# 5> CV-EWMA and FIR CV-EWMA 22|=2|

T

481 (ARL, SDRL) H7Hn=15)

n=15 CV-EWMA(Bao) FIR CV-EWMA(Bao)

X =01 X =01 X = 01 X = 01 X = 0.1 X =01
parameter L=2712 L=2712 L=2712 L=2814 L=2814 L=2814
Signg;o) ¥=0.05 v=0.1 y= 0.15 v=0.05 y=01 y=0.15

0 370.288 370.287 370.202 370.680 370.095 370.802
(375.038) (375.478) (375.027) (479.353) (476.910) (477.105)
5 70.881 71.263 72.587 58.295 58.393 59.217
(67.659) (67.84) (69.200) (75.204) (75.288) (75.669)
10 21.887 22.300 22.734 15.629 15.975 16.188
(18.334) (18.942) (19.400) (19.371) (19.690) (19.829)
15 11.142 11.179 11.239 7.053 7.194 7.221
(8.645) (8.663) (8.749) (8.361) (8.532) (8.798)
2 6.943 7.009 7.153 4.156 4217 4257
(5.064) (5.140) (5.259) (4.626) (4.703) (4.753)
25 4.891 4.943 5.047 2.828 2.894 2913
(3.432) (3.473) (3.582) (2.858) (2.931) (3.023)
30 3.729 3.755 3.858 2,177 2217 2.256
(2.534) (2.559) (2.609) (1.955) (2.019) (2.062)
40 3.001 3.023 3.053 1.804 1.830 1.862
(1.964) (1.975) (2.020) (1.408) (1.464) (1.502)
50 2.494 2.516 2.567 1.559 1.580 1.606
(1.577) (1.582) (1.639) (1.065) (1.096) (1.126)
100 2.155 2.185 2210 1.403 1.421 1436
(1.300) (1.328) (1.346) (0.836) (0.862) (0.883)
200 1.905 1.916 1.941 1.299 1.307 1.311
(1.098) (1.105) (1.130) 0.677) (0.694) (0.707)
WEAS WS FUL A9 AR S RE A4 6, W B
S|4 FIR CV-EWMA #E|%7} CV.EWMA BYER
O aHe @e pEt o AReREY cve) ME & AR &3 A% FFHe 7ol wus w4
A o, & FAo] EAT AL FIR CV-EWMA £ TR HEAFE AHEstd #E & ¢t ¥F
#H=Y FIE} o £ ¢ F Yok AFe ZEY FANE 1 T2 UE FPolBE
FAL aPARoz Y] 98 FAY A @ AR AV Do dFS ©x gETh CV FHE

AT #AYEE AEstoof 3tk FHo AY
Z7] BAER 7HE Aol AV WS- B A
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