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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

6:2016(E)

Shewhart control charts are the most widespread statistical control methods used for controlling
a process, but they are slow in signalling shifts of small magnitude in the process parameters.
The exponentially weighted moving averagel10] (EWMA) control chart makes possible faster detection
of small to moderate shifts.

The Shewhart control chart is simple to implement and it rapidly detects shifts of major magnitude.
However, it is fairly ineffective for detecting shifts of small or moderate magnitude. It happens quite
often that the shift of the process is slow and progressive (in case of continuous processes in particular);

this
targ
with

Whe
into
alte]

a)

b)

EW)
shift
prog

hifttrastobe detected very earty imorder to react before tire process deviates Serio
bt value. There are two possibilities for improving the effectiveness of the Shewhart ¢o
respect to small and moderate shifts.

The simplest, but not the most economical possibility is to increase the subgrotup size. T|
hlways be possible due to low production rate; time consuming or too costly-testing. A
may not be possible to draw samples of size more than 1 or 2.

Che second possibility is to take into account the results preceding.the control under v
Lo try to detect the existence of a shift in the production pracess. The Shewhart cq
fakes into account only the information contained in the last{sample observation an

Chart relatively insensitive to small process shifts. Its effé¢tiveness may be improved by
hccount the former results.

re it is desired to detect slow, progressive shifts, itjis preferable to use specific charts
account the past data and which are effective*with a moderate control cost. Two ve
natives to the Shewhart control chart in such$ituations are

Cumulative Sum (CUSUM) control chart,.-This chart is described in ISO 7870-4. The CU{
Chart reacts more sensitively than the X-bar chart to a shift of the mean value in the r
br two sigma. If one plots the cumulative sum of deviations of successive sample mg
specified target, even minor, pemanent shifts in the process mean will eventually lead|
rumulative sum of deviations. Thus, this chart is particularly well-suited for detecting
permanent shifts that may gesundetected when using the X-bar chart.

F xponentially Weighted-Moving Average (EWMA) control chart which is covered by thi
[his chart is presented like the Shewhart control chart; however, instead of placing g
Lhe successive averages of the samples, one monitors a weighted average of the current
pf the previousaverages.

1A control tharts are generally used for detecting small shifts in the process mean. They
s of halfisigma to two sigma much faster. They are, however, slower in detecting large
ess mean. EWMA control charts may also be preferred when the subgroups are of size

sly from its
htrol charts

his may not
S a result, it

Fay in order
ntrol chart
d it ignores

hny information given by the entire sequence of points. This. feature makes the Shewhart control

taking into

which take
ry effective

UM control
ange of half
ans from a
to a sizable
such small

. document.
n the chart
hverage and

y will detect
thifts in the
n=1.

The

joint use of an EWMA control chart with a small value of lambda and a Shewhart control chart

has been recommended as a means of guaranteeing fast detection of both small and large shifts. The
EWMA control chart monitors only the process mean; monitoring the process variability requires the
use of some other technique.
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Control charts —

Part 6:
EWMA control charts

1

This| International Standard covers EWMA control charts as a statistical process coritrol t
deterct small shifts in the process mean. [t makes possible the faster detection of small t6 mod
in thfe process average. In this chart, the process average is evaluated in terms of exponential
movjing average of all prior sample means. EWMA weights samples in geometrically decre
so that the most recent samples are weighted most highly while the most“distant samples
very|little depending upon the smoothing parameter (A).

NOTE1 The basic objective is the same as that of the Shewhart control ¢hart described in ISO 787

The Shewhart control chart’s application is worthwhile in the raré situations when

NOTE 2  Variables control charts can be constructed for individual observations taken from the prd
rath¢r than samples of observations. This issometimes necessary when testing samples of multiple

would be too expensive, inconvenient, of impossible. For example, the number of customer complain
returns may only be available on a monthly basis; yet, one would like to chart those numbers to d
probjlems. Another common application of these charts occurs in cases when automated testing de
every single unit that is produced.)In that case, one is often primarily interested in detecting small
product quality (for example, gradual deterioration of quality due to machine wear).

2

The [following documents, in whole or in part, are normatively referenced in this docum
indi$pensablé for its application. For dated references, only the edition cited applies. H
refefences,the latest edition of the referenced document (including any amendments) appli

ISO ¥870-1, Control charts — Part 1: General guidelines

fcope

production rate is slow,
sampling and inspection procedure is complex and-time consuming,
festing is expensive, and

t involves safety risks.

Normative references

echnique to
erate shifts
ly weighted
asing order

contribute

(0-2.

ductionline,
bbservations
ts or product
etect quality
Vices inspect
shifts in the

ent and are
or undated
ES.

ISO 7870-2, Control charts — Part 2: Shewhart control charts

ISO 7870-4, Control charts — Part 4: Cumulative sum charts

3

Symbols and abbreviated terms

o Target value for the average of the process
Uu Ly Upperrejectable value of the average, lower rejectable value of the average
3 Mean of the sample i

i

N Number of units in a sample (sample size)

© ISO 2016 - All rights reserved
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Zj EWMA value placed on the control chart
Z0 Initial value of z;
A Value of the smoothing parameter
L, Parameter used to establish the control limit for z; (expressed in number of standard deviations of z)
Estimator of the standard deviation o
o True standard deviation of the distribution of x
00 True standard deviation of binomial distribution for P = pg
o Standard deviation of the averages of n individual observations;
E——"6-7/~1
oy Standard deviation of z; when i tends towards infinity
o Drift related to the average expressed in number of standard deviations
61 Maximum acceptable drift of the average, expressed in number of standard deviations
p Proportion of nonconforming units of the process
po Target value for the proportion of nonconforming units of the process
p1 Upper refusable value of the proportion of nonconforming units
pi Proportion of nonconforming units in the ith sample
c Average number of nonconformities
co Target value for the average number of nonconformities
c1 Refusable average of nonconformities
ci Number of nonconforming units in the ith sample
UcL, Upper control limit value for the EWMA control chart
Lcy, Lower control limit value for the EWMA control€hart. If L¢y, is negative, then it is taken as zero
ARL Average Run Length
ARLp [Average Run Length of the process in contrel
ARL1  |Average Run Length of the process withsetting drift
CL Centre line of the control limit
MAXRL [Maximum Run Length (5 % owverrun probability), expressed as an integer

4 EWMA for inspection by variables

4.1 Gene

An EWMA

being averg
Consequent
weighted m

ral

ontrol chaxtplots geometric moving averages of past and current data in which the v4
ged are.assigned weights that decrease exponentially from the present into the
ly, the:average values are influenced more by recent process performance. The exponent
oving average is defined as Formula (1):

lues
bast.
ially

zi=Axj+ (1-A) ziq

M

NOTE1 When the EWMA control chart is used with rational subgroups of size n > 1 then x; is simply

replaced with X, .

Where 0 < A < 1 is a constant and the starting value (required with the first sample at i = 1) is the
process target, so that zg = yo.

NOTE 2 g can be estimated by the average of preliminary data.

The EWMA

control chart becomes an X chart for A = 1.

© ISO 2016 - All rights reserved
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4.2 Weighted average explained

To demonstrate that the EWMA is a weighted average of all previous sample means, the right-hand side
of Formula (1) in 4.1 can be substituted with z;.1 to obtain Formula (2):

7, = Ax; + (1= 2)[Ax,_y +(1-2)z,_,)

2 (2)
=ax;+A(1=A)x_ +(1-2) 7z,
Continuing to substitute recursively for z;.;, where j = 2, 3, ..., we obtain Formula (3):
i1
fi=2y (1-2) % +(1-2) 7, 3)
j=0

For =1, z1 = Ax1 + (1 - Auo.

The |weights, A(1 - A)J, decrease geometrically with the age of the sample méan. Furth¢rmore, the
weights sum to unity, since

Li_11—szxﬂ:1—1—xi 4
Sy s o

If A £ 0,2, then the weight assigned to the current sample mean is 0,2 and the weights given to the
prededing means are 0,16; 0,128; 0,102 4 and so forth. These weights are shown in Figurd 1. Because
thesp weights decline geometrically, the EWMA is sometimes called a geometric moving avefage (GMA).

Y
0,18

0,16 —«
0,14 \\
0,12 \
0,1 \
0,08 \

0,06
0,04 ~—

0,02
0

Key
X  pgeof sample mean (EWMA A = 0,2)
Y weights A(1-A)

Figure 1 — Weights of past sample means

Since the EWMA value can be viewed as a weighted average of all past and current observations,
it is very insensitive to the normality assumption. It is, therefore an ideal control chart to use with
individual observations.

© IS0 2016 - All rights reserved 3
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4.3 Control limits for EWMA control chart

If the observations x; are independent random variables with variance o2, then the variance of z; is
represented by Formula (5):

1-(1-2)"

;

(5)

Therefore, the EWMA control chart would be constructed by plotting z; versus the sample number i (or
time). The centre line and control limits for the EWMA control chart are as follows:

Centre line

U

CL —

=

L

CL —

=~

The factor |
case of X -
chart, this d
99,307 %).

No action i
control as s
control cha
resetting, b

The term [

Et after reinitializing it, i.e. by not taking inte account the results obtained prior to

¢0+LZ%\/<211—;L)\1—(1—,1)2"
O_LZ%\/(zi—x) 1—(1—/1)2"

R charts, 3o limits are plotted for 99,73 % (*30) confidence. Similarly, on EWMA cot
onfidence level can vary depending on the requirements (€.g) L, = 2,7 gives the confiden

taken as long as zj falls between these limits, and the process is considered to be o
bon as z; overshoots the control limits. In this case;reset the process and resume the EV

t by taking z¢ as the initial value.

- (1 - )2i] approaches unity as i gets latger. This means that after the EWMA control ¢

(6)

(7)

L, is the width of the control limits and its value depends upon:the confidence level. In the

htrol
ce of

ut of
VMA
this

hart

has been running for several time periods, the cefitrol limits will approach steady state values obtalined

using Form

Centre line

U

cL — A

Loy =4

However, it
performang
chart is init

1lae (8) and (9):

Ho

A

e

A

L O | AT
0 z \/; (2 v /1)
is strengly recommended to use the exact control limits. This will greatly improvs

e ofthe-control chartin detecting an off-target process immediately after the EWMA cot
jated.

t

(e
O_LZE

(8)

(9)

the
ntrol

NOTE

For practical purposes, use the estimate of g, denoted by s, estimated from the data.

4.4 Construction of EWMA control chart

To illustrate the construction of an EWMA control chart, consider a process with the following

parameters
po =50
s=2,053

calculated from historical data:

9
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with A chosen to be 0,3; so that

[ 0,3
o7 = \/; = 0,420 1 (10)

The control limits at steady-state are given, obtained using Formulae (11) and (12):

UcL=50+3 (0,420 1)(2,053 9) =52,588 5 (11
Lc,=50-3 (0,420 1)(2,0539) =47,411 5 (12)
Congider the data consisting of 20 points as given in Table 1.
Table 1 — Calculation of EWMA values
Sample Xi EWMA values
1 52,0 50,6000
2 47,0 49,5200
3 53,0 50,564 0
4 49,3 50,184 8
5 50,1 50,159 4
6 47,0 49,2116
7 51,0 49,748 1
8 50,1 49,853 7
9 52;2 50,257 6
10 50,5 50,3303
11 49,6 50,111 2
12 47,6 49,357 8
13 49,9 49,5205
14 51,3 50,054 3
15 47,8 49,378 0
16 51,2 49,924 6
17 52,6 50,727 2
18 52,4 51,2291
19 53,6 51,940 3
20 52,1 51,988 2

© IS0 2016 - All rights reserved 5
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53

1/

51 'I'—
50 | e T e

49

48

47 N~

46

45
44

1234567 891011121314151617181920
Key
1 UcL=%2,5885
2 CL=5p
3 Lc.=47,4115

Figure 2 — EWMA plot

The EWMA|control chart in Figure 2 shows that the processis'in control because all EWMA poin{
between the control limits.

4.5 Exanpple

Consider thle data in Table 2 (observations x1).(The first 20 observations were drawn at random
a normal distribution with mean y = 10 and standard deviation o = 1. The last 10 observations
drawn fron} a normal distribution with mean u = 11 and standard deviation o = 1, i.e. after the prg
has experiepnced a shift in the mean of gne sigma.

Set up an EWMA control chart withA'= 0,10 and L, = 2,7 to the data in Table 2.

The target yalue of the mean is7#= 10 and the standard deviation is o = 1.

The calculations for EWMA control chart are summarized in Table 2 and the control chart is sh

in Figure 3.

To illustrat¢ the caleulations, consider the first observations, x; = 9,45.

The first vajue-of the EWMA statistic is shown in Formula (13):

s lie

'rom
vere
cess

own

zy = Ax; +(1-1)zy =0,1x9,45+0,9x10
= 9,945 00

Therefore, z1 = 9,945 00 is the first value plotted on the control chart in Figure 3.

The second value of the EWMA is shown in Formula (14):

2y = Ax, + (1= 1)z, =0,1x7,99+0,9x9,945
= 9,749 50

The other values of the EWMA statistic are computed similarly.

The control limits are calculated following Formulae (15) and (16):

(13)

(14)

6 © IS0 2016 - All rights reserved
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For periodi=1:

c A 2i
UeL :u0+Lzﬁ\/m[1—(1—/m)

2x1
=10+42,7x1x ﬁ\l—(l_ql)x (15)
= 10,270 00
and
c A 2i
kew :”O_Lzﬁ\/m[l_@_l)
2x1
=10-2,7x1x %\1—(1—0,1)X (16)
2-0,1
=9,730 00
For period i = 2, the limits are shown in Formulae (17) and (18):
o A 2i
R 1
1 2x2
_1o+2,7><1><\/(20’—01)\1—(1_o,1) X (17)
= 10,363 25
and
o A 2i
kew :”O_Lzﬁ\/m[l—@_l)
2x2
:10—2,7><1><\/%\1—(1—O,1) - (18)
20,1
= 9,636 75
The [alculation of control limits are also summarized in Table 2 and plotted in Figure 3.
Table 2 — EWMA calculations
Sample Xi EWMA z; UcL Lcy,
1 9,45 9,945 00 10,270 00 | 9,730 00
2 7,99 9,749 50 10,363 25 | 9,636 75
3 9,29 9,703 55 10,424 00 | 9,576 00
4 11,66 9,899 20 10,467 46 | 9,532 54
5 12,16 10,125 28 10,49990 | 9,500 10
6 10,18 10,130 75 10,524 71 | 9,475 29
7 8,04 9,921 67 10,543 98 | 9,456 02
8 11,46 10,075 51 10,559 09 | 9,44090
9 9,20 9,987 96 10,571 05 | 9,428 95
10 10,34 10,023 16 10,580 55 | 9,419 45
11 9,03 9,923 84 10,588 13 | 9,411 87
12 11,47 10,078 46 10,594 20 | 9,405 80

© IS0 2016 - All rights reserved 7
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It may be n
until they s

UCL

and

CL

Table 2 (continued)

Sample Xi EWMA z; UcL Lcy,
13 10,51 10,121 61 10,599 08 | 9,40092
14 9,40 10,049 45 10,603 00 | 9,397 00
15 10,08 10,052 51 10,606 15 | 9,393 85
16 9,37 9,984 26 10,608 70 | 9,391 30
17 10,62 10,047 83 10,670 75 | 9,389 25
18 10,31 10,074 05 10,612 41 | 9,876 00
19 8,52 991864 16,613 74 179,38626
20 10,84 10,010 78 10,614 83 | 9,385 17
21 10,90 10,099 70 10,615 70 | 9,384 30
22 9,33 10,027 73 10,616 41 | 9,383 59
23 12,29 10,249 46 10,616 98 | 9,383 02
24 11,50 10,374 51 10,617 45 | 9,382 55
25 10,60 10,397 06 10,617 82 | 9,382°18
26 11,08 10,465 35 10,618 13 | 9,381'87
27 10,38 10,456 82 10,618 37 {9,381 63
28 11,62 10,573 14 10,618 5A4 9,381 43
29 11,31 10,646 82 10,618.73 | 9,381 26
30 10,52 10,634 14 10,618 87 | 9,381 13

bted from Figure 3 that the control limits increase in width as i increases from i = 1,
abilize at the steady-state values given in Foimulae (19) and (20):

A

]

(o2
:”O_‘_Lzﬁ

=10+ 2,7x1x

10,619 42

(19)

(20)

CA-A-an~a~y

© ISO 2016 - All rights reserved
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Figure 3 — EWMA control chart

EWMA control chart signals that observation 28%as gone beyond Ucr.. Hence it is concl
ess is out of control.

Choice of the control chart

Shewhart control chart versus EWMA control chart

ke the Shewhart control chart, it is not possible to find the probability of detecting a
ess on the basis of a sample because the probability is not constant. It depends on the ny
bles. One can calculate this probability for each sample, but these probabilities are too 1
sed in practice.

effectiveness of.the EWMA technique is therefore judged according to the ARL, i.e.

numper of successivé samples required for detecting a shift.

If th
of sa

Ont

e proces$.s under control, it is expected that there be few false alarms, i.e. that the aver
mples.prior to a false alarm be high (in general ARLg is taken between 100 and 1 000).

de that the

shift in the
mber of the
umerous to

the average

hge number

he-other hand, in the event of a shift, it is expected that it be detected as quickly as poss

ble, i.e. that

the number of samples between the moment the shift occurred and that of the first point outside the

cont

rol limits be the lowest possible (low ARLj).

Compared to the Shewhart control chart, the EWMA technique is extremely effective for minor or
moderate shifts: the lower A is, better is the effectiveness. On the other hand, the Shewhart control
chart is more effective for sudden and high drifts.

The effectiveness of the chart depends on the size of the sample: the higher n is, better is the effectiveness

(see

Annex D).

© ISO 2016 - All rights reserved
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5.2 Average run length

Table 3 gives the ARL and the MAXRL of the chart as a function of the drift, 5\/;. Therefore, the
effectiveness for any value of n can be obtained.

For example, the EWMA control chart with A = 0,5, L, = 2,979 and n = 1 detects a shift of § = 1 standard
deviation in 14,5 samples on average because 6\/; = 1.Whereas, the same chart with n = 4 detectsitin
3,2 samples, because 5\/; =2.

In Table 3, the values of L, for the EWMA techniques have been chosen, so that the ARL (Average Run
Length) = i i T17Td istred at
:|:30'\/; when the shift, 0, is equal to 0. Hence, you can compare the figures in the six columnsidirectly
since it is a [question of control procedures, which have the same number of false alarms. Table’3 shows
that the effdctiveness for detecting minor shifts is better for small values of A (e.g. the ARL goes from|14,9

to 7,6 for §yn = 1); and, is the contrary for major drifts (e.g. the ARL goes from 1,6 to1,5for 5\/_ =+ 3).

The choice jof A and L, is made so as to obtain an Average Run Length which one sets in an a pjriori
manner as the quality objective. One can therefore thus obtain charts which correspond to the pradtical
requiremenyts of industry or services.

Table 3|— Comparison of mean operational periods of EWMA aiid Shewhart control charit

. Shtexllli;;f_gn- EWMA control charts
Shift
A=1,0 A=0,5 A=0,4 X=0,3 A=0,2 A=0,1
L,=3,0 L,=2,979 L,=2,961 Ly =2,928 L,=2,864 L,=2,71p
5\/; ARL | MAXRL | ARL | MAXRL| ARL [MAXRIL) ARL |MAXRL| ARL [MAXRL| ARL | MAKRL
0,00 370,4 370,4 370,8 370,9 370 3709
0,25 281,2 842 195,7| 584 173,8-|--518 148,5 441 119,6 | 353 86,3 248
0,50 155,2 464 71,3 211 58;0 170 45,8 132 35,0 97 25,7 46
0,75 81,2 242 29,9 86 24,0 67 19,2 52 15,4 39 12,5 29
1,00 43,9 130 14,9 41 12,3 33 10,3 26 8,8 21 7,6 17
1,25 25,0 74 8,7 23 7,5 18 6,6 15 5,9 13 5,3 11
1,50 15,0 44 5(Z 14 51 12 4,7 10 4,3 9 3,9 8
1,75 9,5 27 4,1 9 3,8 8 3,6 7 3,4 7 3,1 6
2,00 6,3 18 3,2 7 3,0 6 2,9 6 2,7 5 2,5 5
2,25 4,4 12 2,6 5 2,5 5 2,4 5 2,3 4 2,1 h
2,50 3,2 9 2,2 4 2,1 4 2,0 4 2,0 4 1,8 ¢
2,75 275 6 1,9 4 1,8 3 1,8 3 1,7 3 1,6 §
3,00 20 5 16 3 16 3 16 3 15 3 15 R

5.3 Choice of parameters for EWMA control chart

5.3.1 Choice of A

The smaller A is, the more the past is taken into account and the better minor drifts are detected; on the
other hand, major, sudden drifts are less well detected;

The higher A is, the less the past is taken into account and the better the reactivity to major, sudden
drifts will be; on the other hand, minor drifts are less well detected.
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The choice of A shall be made on the basis of the experience that one has of the process. In general,
0,05 <1 < 0,50 works well in practice,

— if slow drifts are expected, one should choose a value of A between 0,05 to 0,25, and
— if one fears sudden, moderate magnitude shifts, one should choose rather a value of A close to 0,5.

The most commonly used values of A are between 0,25 and 0,5 inclusive. It is to be noted that one
obtains the Shewhart control chart if one takes A = 1.

5.3.2 Choice of L,

The parameter L is the multiple of the subgroup standard deviation that establishes the'coptrol limits.
L, iq typically set at 3 to match other control charts, but it may be necessary to reduce it| slightly for
small values of A. L, between 2,6 and 2,8 is useful when A < 0,1.

NOTE Aand L, may be determined by plotting the data on exponential probability, paper and usjing standard
nornpal tables.

5.3.3 Calculation for n

Tablk 4 gives the parameters of the EWMA control chart for a given effectiveness: one sefs the ARLg
whep the process is controlled and ARL1 when the process hasskifted by a given value 1. Tlable 4 gives
the values of L, and A which enable to obtain the desired effeCtiveness.

The maximum acceptable shift §1 of the average is showfin Formula (21):

U,—pu, u,—1L
‘lzminl% 0 0 %] (21)

%o %
Prodeed as follows:

— Ptage 1: Select the average numberof samples (ARLo) desired between two false alarmp (generally
between 100 and 1 000); this determines the choice of the column of Table 4;

— Btage 2: Select the averagenumber of samples (ARL1) required in order to detect the maximum
hcceptable shift 61; thenloek for, within the table in the previously determined column, the value of
ARL; which is closest .to that sought after; read L, and A values associated witl ARLjy; the

corresponding line gives 51\/;; hence n;

— Ptage 3: if n isto0 high for practical reasons (cost, feasibility, etc.) return to Stage 1 after reducing
Lhe requirements on the input parameters of Table 4 (ARLg, ARL1, 61).

© IS0 2016 - All rights reserved 11


https://standardsiso.com/api/?name=acff0a122f460435855d5d62d20d9bee

ISO 7870-6:2016(E)

Table 4 — Determination of L, and A as a function of the controlled and uncontrolled run
lengths (ARL(p and ARL1) and of the drift §;

ARL when the process is controlled, ARLg

61\/; 100 370 500 1000
A=0,07 A=0,06 A=0,05 A=0,04
0,5 L,=2,01 L,=2,55 L,=2,62 L,=2,82
ARL1 =173 ARL1=26,5 ARL1 =287 ARL1 =343
A=0,12 A=0,10 A=0,09 A=0,07
0,75 I,=2,21 I,=2,70 I,=2,79 I,=297
ARL1 =10,3 ARLq =14,7 ARL1=15,8 ARL1 =18,4
A=0,19 A=0,15 A=0,15 A=0/13
1,0 L;=2,35 L,=2,80 L,=291 L,=311
ARL1 = 7,0 ARL; = 9,6 ARL; = 10,2 ARL; = 11,7
A=0,33 A=0,26 A=0,24 A=0,22
1,5 L,=2,47 L;=290 L;=299 L,=3,20
ARL1 =39 ARL1=5,2 ARL1=5,6 ARL1=6,1
A=0,52 A=0,40 M=0;37 A=0,35
2,0 L;=2,54 L,=296 L, =3,05 L;=3,25
ARL1=2,6 ARL1=3,3 ARL1=3,5 ARL1 =39
A=0,66 A=0,54 A=0,52 A=0,46
2,5 L,;=2,56 L,=298 L,L,=3,07 L;=3,27
ARL1=1,89 ARL1 =2)38 ARL1=2,50 ARL1 =276
A=0,81 A=0,70 A=0,70 A=0,66
3,0 L,=2,57 L, =299 L,=3,09 L,=3,29
ARLq = 1,45 ARL; = 1,78 ARL; = 1,86 ARL; = 2,06
NOTE If ARI} is chosen below 1,40, use a Shewhart control chart.
5.3.4 Exdample
For a process, the target average value pp = 100 and a standard deviation of og = 0,8 is desired to get a
maximum df one false alarm-€very 500 samples. It is desired to detect within three or four samplef, on
average, a shift of +1 unit'{rejectable averages U, = 101 and L, = 99).
— Select from TableA4 the column which corresponds to ARLg = 500.

— Look f(1r, invthis column, the ARL1 which is closest to 3. We find 3,5 which corresponds to L, =

and A =

037 for-Salp—2-

3,05

— Calculate 81 =min (1/0,8;1/0,8) =1,25.As 6\/; = 2 one deduces fromthisn=(2/1,25)2=2,56 =n=3,

rounding off to the higher integer (which improves the detection effectiveness).

6 Procedure for implementing the EWMA control chart

The implementation of the EWMA control chart is the same as for any other type of control procedure.
The procedure is built on the assumption that the “good” historical data are representative of the in-
control process, with future data from the same process tested for agreement with the historical data.
To start the procedure, a target value (average) and process standard deviation are estimated from
historical data. Then the procedure enters the monitoring stage with the EWMA statistics computed

and tested against the control limits.

12
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7 Sensitivity of the EWMA to non-normality

For subgroup size one, both individual Shewhart control chart and EWMA control chart may be used.
However, an individual control chart is sensitive to non-normality, whereas a properly designed EWMA
is less sensitive to the normality assumption.

8 Advantages and limitations

8.1
a)

b)

8.2

b)

Advantages

Shewhart control chart only use the current observation or sample to monitor.t
FWMA control charts utilize all previous observations, but the weight attached.tet
bxponentially declining as the observations get older and older. It gives more weight t
past value depending upon the value of A. By varying the parameter of the\ EWMA {
memory’ of the EWMA control chart can be influenced.

EFWMA control chart is relatively robust in the face of non-normally distribu
Characteristics.

Limitations

The EWMA control chart is sensitive to small shifts in the.process mean, but does no
but of control situations for larger shifts as quickly as\the Shewhart control chart do
recommended to superimpose the EWMA control chart on top of a suitable Shewhart ¢
with widened control limits in order to detect botlismall and large shifts in the procesg

production, the EWMA control chart is more'éfficient in detecting the shift. As productid
fatrend develops, the trend is unfortunately shown to be well within control of the EV
control limits.

he process.
he data are
b the recent
tatistic the

ted quality

F reflect the
s, It is also
bntrol chart
mean.

When EWMA control chart is used with a small value of the weight A then at the beginning of the

n proceeds,
VMA chart’s
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Annex A
(informative)

Application of the EWMA control chart

A continuous production process involving the filling of g = 100 ml dosage bottles with a pharmaceutical
product is considered. The target is for customers to have a very low risk, about 0,135 %, of fin

ding

a bottle un
reasons and
is fixed at 1

When the g
(value calc
considered
below the t

ler the lower tolerance Ty, = 99,5 ml. Over proportioning should be avoided for econ
| since customers use the bottle as a dose. The upper tolerance, Ty, for the individuahv4
0,6 ml.

rocess is in control, the standard deviation of the individual measurements’is sg = 0,
1lated on 150 measurements) and it was ascertained that the distribution coul
normal. The average may wander within limits set at 3 standard_deviations above
blerance limits. This ensures a probability of less than 0,135 % of out of tolerance valu

bmic
lues

1 ml
1 be
and
bS as

shown in Fqrmulae (A.1) and (A.2):
Uy =Ty} 300=100,6 -3 x0,1=100,3 [A.1)
Ly=T;L{300=99,5+3x0,1=998 A.2)
Hence, 61 = min[(Uy - no)/oo;(1o - Ly)/oo] = (100,0 - 99,8)/0,4= 2,0
An ARLg off 500 may be achieved when the process isZproperly centred and detected within two or
three succepsive samples when the process has drifted:by 61 = 2. Table 4 gives for ARLg = 500 and ARL;
between 2 and 3 the following values:
ARLj = 2(50;
5,\n =p.5;
L,=3,07
A=0,52.
Hence, n =((2,5/2)2 = 1,562-5, where n = 2 (rounding off to the higher integer, which improveg the
detection effectiveness):
The control|limits dare/shown in Formulae (A.3) and (A.4):
Uy = 100+(M‘/0,52/(2—0,52)] — 100,129 A.3)
Nz )
3,07 x0,1
Ly, =100 - [T \/o, 52/(2 -0, 52)] — 99,871 (A4)

The initial and target values are pg = 100.

The initial value of oy is obtained by a preliminary study and gives value as 0,1 ml.

The following individual values are obtained on conducting a control (Table A.1); one calculates their
means, )?I. , their ranges, R;, and the statistics, z;:

14

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=acff0a122f460435855d5d62d20d9bee

ISO 7870-6:2016(E)

Table A.1 — Calculation of Shewhart control chart and EWMA values for n = 2

Sample Individual values X; R; z; = 0,52x; + 0,48z, _,
1 99,99 100,25 100,12 0,26 100,062
2 100,01 100,13 100,07 0,12 100,066
3 99,98 99,96 99,97 0,02 100,016
4 99,84 100,06 99,95 0,22 99,982
5 99,93 99,85 99,89 0,08 99,934
6 OQ’QA 00,0/1 oo’on n’ng 00’01[\
7 100,05 100,15 100,10 0,10 100,017
8 100,28 99,98 100,13 0,30 100,073
9 100,17 100,07 100,12 0,10 100,097
10 100,13 100,19 100,16 0,06 100,130
Figure A.1 shows that at the 10th sample, z;, overshoots the upper control limit, indicating that the
prodess has drifted and should be reset. After resetting, restart a new(hart, replacing preyious values
with zg = po = 100.
100,15
100,1 -
..... I— o I~
100,05 - = 1
100 =
99,95 A ~
99,9 -
99,85
99,8 ™3
99,75
99,7
1 2 3 5 6 8 9 10
Key
Uc,=100,129
CL=100,000
Le = 99,871
Figure A.1 — EWMA control chart for the control of average

The associated chart of the range R; of the samples (Figure A.2) does not show any change in the
dispersion. The remarked drift corresponds to a drift in the average and not to an increase in the
dispersion of the process.

NOTE The calculations of the centreline and the control limit values for the dispersion (range) chart are
defined in ISO 7870-2.

© ISO 2016 - All rights reserved
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0,45
0,4

0,35 1
0,3

025 | ,
02 |—% A 2
0,15 - ] :

0,05 N =3

Key
1 upper fcontrol limit of the range
2 target fange
3 lower fontrol limit of the range
Figure A.2 — Range chart for control of dispersion

The contro] limits of the corresponding Shewhart mean chart with n = 2 and Uy, = 3,09 are located at
100,22 and [99,78: This chart does not detect any process drift. It would be necessary to double the|size
of samples (n = 4), i.e. the cost of the control, in order to.détect a drift concerning these data (Figure A.3).

100,2

- - - - - - I
~_ —
100,1 \
100 —
99,9 N
99,8
1 2 3 4 5 6 7 8 9 10 5
Key
1 target
2 upper control limit for n = 2
3 upper control limit for n = 4
4 lower control limit for n = 4
5 lower control limit for n = 2
Figure A.3 — Shewhart mean chartforn=2andn=4
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NOTE This example illustrates the fact that the EWMA control chart is more sensitive than the Shewhart
control chart for a low drift of the average. If the lag had been sudden and high, the Shewhart control chart would
have been more rapid in pointing it out.
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Annex B
(normative)

EWMA control chart for controlling a proportion of
nonconforming units

B.1 Desdription of the method
It is possible to construct and use EWMA control charts for the monitoring of a proportion. [Fhis dhart
has the samie purpose as the p-chart or np-chart, as described in ISO 7870-2. It is mpre-effective for
detecting nfinor or moderate magnitude drifts.
From the rgsults of the samples p1, p2, ..., pi, the value of z;, the weighted average of the previous z;.{ and
present p;, i calculated [Formula (B.1)]:

z; = +(1- 1)z, (B.1)
The initial yalue zg is the target value pg. The standard deviation g is estimated by sp:

S :\ﬁo(l—p()) B.2)
NOTE For Bernoulli trials, where pg is the probability efifailure, the variance is given by po(1-po).
A control chart on which the values of z; are plottéd should be constructed. This chart should inqlude
upper and Igwer control limits, Ucy, and Lcy, respedtively; and are obtained using Formulae (B.3) and ([B.4):

S A
Uy =R +L, %, |—— B.3
cL —Ho T4z V2= )
S A
Ly =g, —L -%, |- B.4
cL — P~ 2 V2= )

A process ip considered under control as long as z; falls between the abovementioned limits. On the
other hand,{the process_i§ considered to have drifted when a value goes beyond the limits.
After resetfling, thee EWMA control chart is resumed and reinitialized, i.e. with zg = pg. Previous regults
which werelobtained with another process setting should be discarded.
An EWMA lcontrol chart pq1|iv:1|pnf to the previous one may be constructed hy dirpr‘ﬂy usind the

number of nonconforming units in each sample. In the event all samples have the same size, n, all the

values for p

B.2 Choi

0, Pi» Zi» 0z, 0, UcL, and Ly, should be multiplied by n.

ce of control chart

As in the EWMA variables chart, the effectiveness of the EWMA attributes technique is assessed
according to the ARL, as described in ISO 7870-1, i.e. the number of successive samples required in order
to detect a drift. If the process is properly set, few false alarms may be encountered, i.e. the average
number of samples prior to a false alarm may be high (in general ARLg between 100 and 1 000).

On the other hand, a drift should be detected as quickly as possible, i.e. that the number of successive
samples between the moment the drift occurred and that of the first point outside the control limits be
the lowest possible (low ARL1).
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The effectiveness of the EWMA technique is very good compared to that of the p chart, as described in
ISO 7870-2, and is comparable to that of the CUSUM technique, as described in ISO 7870-4. The gain in
effectiveness over the p chart is to be noted, in particular, for minor or moderate drifts. However, the
p chart is more effective for sudden major drifts.

To obtain the ARL, use Table 4. Likewise, the choice of L, and A is made by the technique defined in 5.3.
But the use of these tables is only valid if npg > 5.

The maximum acceptable drift, 81, is: 61 = (p1 - po)/So, where p1 is the maximum permissible proportion
of nonconforming units in the production.

B.3

A w
prel
ato,

Whe
With
and
See

Hen

Example

blding operation is monitored by control chart of the proportion of nonconforming
minary study enabled to estimate the average proportion pg of the properly sétand std
D19 45 (1,945 %). The sample size n is constant and equal to 1 600.

n the condition npg > 5 is amply fulfilled; the technique defined above and Table 4 ¢

the same size of samples, an EWMA attributes chart, which has a run length of 370 ¥
which rapidly detects a proportion of nonconforming units equal to 0,028, can b
Formula (B.5):

fo =Po(1-po) =0.138 1

.
b n = [(0,028 ~0,019 45 /0,138 1} x [1600°=2,48
ARLg = 370, the following values are found in Table 4:
1\/; =2,5;

= 0,54;

=298;

RL1 =2,38.

control limits are-deduced following Formulae (B.7) and (B.8):

2,98x0,1381 [ (.54
/., = 0009 45 + ) — 10,0250
\/1 600 2-0,54

2,98x0,1381 [ (.54

units. The
ble process

an be used.
when P = pg
e obtained.

(B.5)

(B.6)

(B.7)

=0,01945— =0,01372

cL \/1 600 \2-0,54

(B.8)

The same EWMA control chart expressed in number of nonconforming units in the samples, provided

that

the size of samples does not vary or varies little, has the following parameters:

zo =npo = 31,12 = 31 units;

nso =220,96 =221 units;

UcL = 41,12 =41 units;

Lcr, =21,12 =21 units.

The calculations for z; will be made with the number of nonconforming units in each sample.

© ISO 2016 - All rights reserved
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Annex C
(normative)

EWMA control charts for a number of nonconformities

C.1 Description of the method

It is possible to construct and use EWMA control charts for monitoring a number of nonconform
This chart has the same purpose as the c or u charts. It is more effective for detecting drifts-of n
or moderatp magnitude. It can be applied for the monitoring of quality both in service§-{accoun|

invoicing,
accident freg

From the reg
of the prese

zi:lc

The initial |

A control d
chart shoul
Formulae ((

U

cL = 9

LCL -

Cc

A process
considered

It is considd
control lim
the reasons

ispatch, secretariat, etc.) and in production or laboratories. It is also used for monita
quency rates (Safety) or complaints (Quality).

sults of the samples, c1, ¢, ..., ¢;, the values of the weighted average z{ of the previous z;.j
nt c; is calculated using Formula (C.1):

) —i—(l — ),)Zi_l

alue, zg, is the target value, cg. The standard deviation\s estimated using Formula (C.2}:

0

hart where the values of z; are plotted \should be constructed. As in the ¢ chart,

d include the upper and lower controlHimits, Ucy, and Lcy:, respectively, obtained y
.3) and (C.4):

s considered¢«under control when z; falls between the abovementioned limits; ar
to have drifted-as soon as a value goes beyond said limits.

red a unilateral EWMA when only the upper control limit is plotted on the chart. The |
t camalso be plotted on the chart in order to detect an improvement in quality, to ide
fof said improvement, and to try to reproduce this improvement.

ties.
inor

ting,

ring

and

(C.1)

C.2)

this
sing

C.3)

C.4)
d is

wer
ntify

After resetting, the EWMA control chart should be reinitialized with the value zg (usually zg = cg).
Previous results obtained with another process setting can be discarded.

C.2 Choice of the control chart

As in a c chart of the number of nonconformities, the effectiveness of the EWMA technique is assessed
according to the ARL, as described in ISO 7870-1, i.e. the number of successive samples required in
order to detect a drift.

If the process is properly set, few false alarms may be encountered, i.e. the average number of samples

prior to a fa

20

Ise alarm may be high (in general ARLg between 100 and 1 000).
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A drift should be detected as quickly as possible, i.e. the number of successive samples (ARL1) between
the moment the drift occurred and that of the first point outside the control limits be the lowest possible.

The effectiveness of the EWMA technique is very good compared to that of the ¢ chart and is comparable
to that of the CUSUM technique. The gain in effectiveness over the c chart is to be noted in particular
for minor or moderate drifts. On the other hand, the ¢ chart of the number of nonconformities is more
effective for sudden, high drifts.

To obtain the Average Run Length, use Table 3. The choice of L, and A is made by the technique defined
in this International Standard; however, the use of these tables is only valid if cg is greater than 5.

The

Like
repl

C3

The

Whe
char
rapi
Forn

whe

In T4

>~
N

41=290;

lly detects an average number of nonconformitiesper control unit ¢; = 15, can be obt]
hula (C.6).

b, = (15-10)/V10 = 1,58

ren=1:51\/;:1,58.

Ible 4, for ARLg = 370 and 61\/; = 1,5, the following values can be obtained:
RL1 =5,2;

= 0,26.

0,26

. =105.2,9x3,16 = 13,54;

9

Azl Ao +olhla dvafe S 1o

TITUAATIIIUILIIT ML\(\/HLMUIL ULriIv vl 1o
c, —¢C
= 1~ % (C.5)
5o

wise, an EWMA control chart of the nonconformities per controlled ahit can be g¢btained by
hcing ¢, co, c1 by u, ug, us.

Example
following example is considered: co = 10; hence s, = V10.&)3,16.
n the condition cg 2 5 is fulfilled; the above techniquésand Table 4 can be used. An EWMA control
t of the number of nonconformities which has a ruitength, ARLg, of 370 when ¢ = ¢ and which

pined using

(C.6)

0 :10—2,9x3,16,}ﬂ =6.46.

) \Z2=10,26
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