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Optimal Variable Sample Size and Sampling Interval
Control Chart for the Process Mean based on Expected
Average Time to Signal
Khai Wah Khaw, XinYing Chew, Sin Yin Teh, and Wai Chung Yeong

management. Additionally, the control chart is commonly
applied to monitor the manufacturing process [8].
The Shewhart X chart is not sensitive in detecting small
and moderate process shifts. To circumvent this problem,
adaptive strategies were adopted into the Shewhart X chart.
A control chart is considered adaptive when at least one of
its designed parameters varies as a function of process data
[9]. Reference [10] revealed that the designs of adaptive
types chart are extensively explored by researchers.
Numerous research showed that adaptive strategies
significantly improved the capability of control charts in
detecting small and moderate process shifts [11]-[13].
The first adaptive chart was proposed by varying the
sampling interval, namely variable sampling interval (VSI)
X chart [14]. Another set of studies focus on adapting the
sample size (VSS) was investigated by [15] and [16]
independently. Subsequently, both the parameters for
sample size and sampling interval (VSSI) were made
variable [17]. Reference [18] introduced a variable
parameter (VP) X chart by varying the sample size,
sampling interval and constant width.
A VSSI scheme is one of the adaptive control charting
methods. It is well known that the VSSI scheme has been
proven to be practically useful in industries compared to
non-adaptive counterparts. The VSSI scheme is a practical
and flexible approach in increasing the effectiveness of the
Shewhart X chart, for detecting small and moderate mean
shifts. The X chart provides the flexibility to quality
practitioners for varying the sample size and sampling
interval.
Consequently, research involving VSSI control charts
continue to generate interest among researchers over the
years and the VSSI scheme have been incorporated into a
wide variety of different types of control charts. For
example, an optimal VSSI mean squared error control chart
was investigated to monitor the process mean and variance
[19]. Reference [20] suggested a special VSSI chart for the
process mean, with two variable sampling intervals, three
sample sizes, two sets of warning limits, and a set of control
limit. The optimal VSSI X chart was also proposed by
using the estimated parameters [21] and adjusted loss
function [22]. Reference [23] introduced the VSSI median
control chart with estimated parameters and measurement
errors while reference [24] studied the effect of
measurement errors on the performance of the VSSI X
chart. References [25] and [26] considered the VSSI chart
for the process mean using auxiliary information and the
coefficient of variation, respectively. More recently, a new
VSSI risk-based X chart was presented by [27].

Abstract—A control chart is one of the effective tools in
statistical process control (SPC) for improving productivity,
reducing defective products and providing diagnostic
information. Control charting techniques have gained
increasing importance recently due to the rapid advancement
in technology. Many industries tend to use control charts to
monitor the quality of their products or services. The adoption
of variable sample size and sampling interval (VSSI) strategy
significantly improved the sensitivity of Shewhart X chart in
detecting small and moderate process mean shifts, in terms of
average time to signal (ATS) criterion when the process shifts
are specified. However, for some scenarios in real industries,
the process shift size is not set to a specific value. In this case,
the expected average time to signal (EATS) can be used as a
measure of performance when the process shift is unknown.
The EATS of the optimal VSSI X chart is numerically
evaluated based on a Markov chain approach. The findings
show that the VSSI X chart prevails over the Shewhart X
chart under comparison. Being able to vary the sample size
and sampling interval, a practitioner will have more flexibility
and better control of the process and at the same time is able to
detect an out-of-control signal quicker.
Index Terms—Expected average time to signal, Markov
chain, process mean, variable sample size and sampling
interval.

I. INTRODUCTION
The continuous development of SPC is driven for on-line
quality control in mass production systems. It improves the
quality of products and increases profits, as well as reduces
errors and rework in a process. Dr. Shewhart presented the
first control chart as X chart in 1924. The applications of
control charts are widely implemented in real industries.
This can be shown through a wide variety of recent research
publications (see [1]–[4], to name a few). Reference [5]
illustrated the use of control charts in the manufacturing
industry, to a product of Swat Pharmaceutical Company.
Control charts were used to analyze, control and improve
accounting processes [6]. For example, it could be used for
detecting the errors in payroll function and tax preparation.
Reference [7] applied the control charts in dairy herd
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Meanwhile, the implementation of the VSSI charts for
monitoring the multivariate process is proposed. Reference
[28] discussed the implementation of the VSSI Hotelling’s
T2 chart with the combination of three sample sizes and two
sampling intervals. The VSSI multivariate coefficient of
variation chart was developed to monitor certain processes
which the mean and variance of the process data may not
vary independently of each other [29]. After the statistical
design of the VSSI Hotelling’s T2 was proposed, the
proposed chart was economically designed to investigate the
implementation costs of the chart [30].
The existing literature measures the performance of VSSI
X chart in terms of average time to signal (ATS) criterion.
Note that ATS is the average time required to detect an outof-control signal from the time of an occurrence of a process
shift. Thus, for an out-of-control process, the smaller the
ATS value, the better the chart is, when the in-control ATS
( ATS0 ) is specified at the desired value. However, in some

adopted by [17] is implemented according to the following
rules:
(i) if the ( i − 1) th sample point falls in the central region
(LWL, UWL), the process is in-control, and n1 and
t 2 should be adopted for computing the current sample
point,
(ii) if the ( i − 1) th sample point falls in the warning region

([LCL, LWL] or [UWL,UCL]), the process is in-control,
and n2 and t1 should be adopted for computing the
current sample point and
(iii) if the ( i − 1) th sample point falls beyond the control
limits (( − , LCL) or (UCL,  )), the process is outof-control and corrective actions should be taken
immediately to identify the assignable cause(s).

of the real-life situations, the process shift size is not set to a
specific value. This causes difficulty in measuring ATS
performance. In this paper, the VSSI X chart is evaluated
in terms of expected average time to signal (EATS), in
monitoring the process shifts range. Section II reviews the
properties of the VSSI X chart. Meanwhile, the
computation of the ATS and EATS values are derived using
a Markov chain approach. Section III compares the
performances of the Shewhart X and VSSI X charts, in
terms of ATS and EATS criteria. Conclusions are drawn in
Section IV.

Fig. 1. Graphical view of VSSI X chart.

To ensure a fair comparison between the VSSI X and
Shewhart X chart, their in-control performances must be
matched. The VSSI X chart is designed so that its
ASS0 ( = n0 ) and ASI0 ( = t0 ) are equal to that of n and t of

II. VSSI X CHART
The VSSI X chart varies the sample size (n) and
sampling interval (t) parameters. The warning limits (i.e.
upper warning limit, UWL and lower warning limit, LWL)
and control limits (i.e. upper control limit, UCL and lower
control limit, LCL) are employed to divide the VSSI chart
into three regions, namely central, warning and out-ofcontrol regions. For the VSSI X chart, the sample size is
varied between small ( n1 ) and large ( n2 ) sample size,

the Shewhart X chart. The Markov chain approach is used
to compute the ATS and EATS of the VSSI X chart. Three
states are defined in the Markov chain model, i.e. central
state, warning state and out-of-control state, which shows as
follows:
State 1: ˆ  [LW L, U W L]
State 2: ˆ  [ LC L, LW L  U W L, U C L]
State 3: ˆ  [LC L, UC L]

where n1  AS S0  n2 , while the sampling interval is varied
between short (t1 ) and long ( t2 ) sampling interval, where

The out-of-control state can be denoted as an absorbing
state. The transition probability matrix with absorbing state
is

t1  AS I0  t2 . Note that AS S0 and AS I 0 are the specific

values of the in-control average sample size and in-control
average sampling interval, respectively. The control and
warning limits of VSSI X chart are denoted as

 P11

P =  P21
P
 31

P12
P22
P32

P13 

P23 
P33 

(3)

UCLi = 0 + k X i and LCLi = 0 − k X i

(1)

UWLi = 0 + w X i and LWLi = 0 − w X i

(2)

where Pi j refers to the transition probability from the prior

where  0 is the mean of the process when the process is in-

state i to the current state j. Hence, the transition
probabilities for the transient states in (3) are computed as

control,  X is the standard deviation of the X , for i = 1, 2.

(

i

)

k and w are the control and warning limit coefficients,
respectively, with k  w . In this paper, a single value of w

P11 = Pr[ Y  w1 Y ~ N  n1 ,1

and k is adopted to simplify the implementation and
operation of the VSSI X chart [17].
The operation of the VSSI strategy (see Fig. 1) that

P12 = Pr[ w1  Y  k1 Y ~ N  n1 ,1

(

(

)

)

P21 = Pr[ Y  w2 Y ~ N  n2 ,1
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(4)
(5)
(6)
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(

)

P22 = Pr[w2  Y  k2 Y ~ N  n2 ,1

minimize the ATS1 and EATS1 values, for detecting the

(7)

process mean shift,  and shift interval ( min ,  max ) is

The ATS of the VSSI X chart is obtained as
AT S = b ( I − Q ) t
−1

considered in this paper. Note that t1 is set as 0.10 and 0.25
(8)

and the ATS0 = 370 . The w parameter is used to compute

where b' = ( b1 , b2 ) is the vector of starting probabilities such

the UWL and LWL of the VSSI X chart using Equation (2).
This optimization procedure is applied to minimize the

'

that b2 = 1 − b1 when the process is in-control. I and Q are
2  2 identity matrix and transition probability matrix for
transient states, respectively, while t = ( t2 , t1 ) is the vector of

(1)

ASS0 = n0 and ASI0 = t0

the sampling interval. Subsequently, the vector of starting
probabilities are given as
 P

b1 =  0
0 
P
P
+
 11 12 

(9)

 P0 
b1 =  0 22 0 
 P21 + P22 

(10)

0
11

(2)

Subsequently, the optimization procedure of the VSSI X
chart is given as
Step 1: Specify n0 , t0 , t1 ,  (for ATS1 ( ) ) or ( max ,  min )

subject to n0 = b1n1 + b2n2 and t0 = b1t2 + b2t1 .
In the computation of ATS, the process shift sizes need to
be specified a priori. Hence, the EATS is vital to measure
the statistical performance in situations where practitioners
could not specify the process shift size. For the non-adaptive
type control chart, a similar type of performance measure
was employed, namely expected average run length (EARL).
In this paper, the in-control EATS ( EATS0 ) is set equal to
the ATS0 , whereas the out-of-control EATS is obtained as
(11)

where f ( ) refers to density probability function of  . If
no information of f ( ) is available, it is reasonable to
assume that  follows a uniform distribution over the
interval (  min ,  max ), where  min and  max are defined as the
minimum and maximum shift size, respectively [26].
The values of n0 , t0 , t1 , k and ATS0 are specified. If ATS
is used as a performance criterion, then specify  .
Conversely, if EATS is used as a performance criterion, then
specify  min and  max . In this paper, the optimal parameter

n1

and

n2

are

varied
,

as

based
these

on

the

( n1, n2 )

t0 ( n2 − n1 ) − t1 ( n0 − n1 )
n2 − n0

 2 ( t − t )  k + t2 − t0 
w=  0 1
 , i = 1,2
2 ( t2 − t1 )



obtained from Steps 1 – 3.
Let n1 + 1 while maintaining the same value of n2 .
Repeat Steps 3 – 5 until n1 = n0 − 1 .
Reset n1 = 1 and let n2 + 1 .
Repeat Steps 3 – 7 until n2 = 30 . Here, n2 = 30
can be viewed as a guideline. The practitioner will
decide the maximum value of the sample size by
depending on the requirement of the process.
Step 9: Select the parameter combination ( n1 , n2 , t2 , w) that

Step 5:
Step 6:
Step 7:
Step 8:

The Shewhart X chart has its sampling interval set as t =
1. Thus, the chart’s average run length (ARL) value are
similar to VSSI X chart’s ATS value because
ATS=ARL  t . Then, the initial sampling interval of the
VSSI X chart should be set as unity. The ATS0 is set equal

constraint

combinations

to 370. Table I shows the VSSI X chart’s optimal
parameters, i.e. n1 , n2 , t2 and w that minimize the ATS1 for
  {0.20, 0.40, 0.80, 1.20, 1.60, 2.00}, when n0  {3, 5, 7,
10} and t1  {0.10, 0.25}. For example, to minimize ATS1

(12)

for detecting the process shift  = 0.80 , when n0 = 5 and

(13)

1.166, 1.328).
Table II provides the VSSI X chart’s optimal parameters,
i.e. n1 , n2 , t2 and w that minimize the EATS1 for

t1 = 0.25 , the optimal parameters are ( n1 , n2 , t2 , w) = (3, 14,

and
−1

using Equations (12) and (13).
Step 4: Compute ATS1 ( ) value (or EATS1 ( min ,  max ) value)
using Equation (8) (or Equation (11)) with the
optimal parameter combination ( n1 , n2 , t2 , w)

III. NUMERICAL COMPARISON

practically cover a wide range for applications in
manufacturing and industrial settings [26]. The parameters
t2 and w can be obtained using formulae
t2 =

(for EATS1 ( min ,  max ) ).
Step 2: Let n1 = 1 and n2 = n0 + 1 .
Step 3: Compute k using nonlinear equation solver, subject
to constraint ATS0 = 370 . Then compute w and t 2

minimizes the ATS1 ( ) value (or EATS1 ( min ,  max )
value) as the optimal parameter combination.

( n1, n2 , t2 , w) combinations that provide the smallest
ATS1 ( ) (or EATS1 ( min ,  max ) ) value are computed. The
1  n1  n0  n2  30

Minn1 , n2 ,t2 ,w EATS1 ( min ,  max ) , subject to constraint

EATS0 = 370 , ASS0 = n0 and ASI0 = t0

and

EATS1 =  f ( )ATS1 ( n1 , n2 , t1 , t2 , w, k ,  ) d

Minn1 , n2 ,t2 ,w ATS1 ( ) , subject to constraint ATS0 = 370 ,

( min , max )  {(0.30, 1.00), (0.30, 1.50), (0.30, 2.00), (0.50,

The optimization procedure to compute the optimal
parameter ( n1 , n2 , t2 , w) combinations of the VSSI X chart to

1.00), (0.50, 1.50), (0.50, 2.00)}, when n0  {3, 5, 7, 10} and
882
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t1  {0.10, 0.25}. For example, to minimize EATS1 for

t1  {0.10, 0.25}. In terms of the EATS1 criterion, the VSSI

detecting the process shift range ( min ,  max ) = (0.30, 2.00),

X chart generally prevails over the Shewhart X chart for
all process shift intervals considered. For example, when
( min , max ) = (0.50, 2.00), n0 = 3 and t1 = 0 . 1 0 , EATS1 =

when n0 = 3 and t1 = 0.10 , the optimal parameters are

( n1, n2 , t2 , w) = (1, 29, 1.069, 1.787).

3.45 and 11.31 for the VSSI X and Shewhart X charts,
respectively, where it is obvious that the VSSI X chart has
the smallest EATS1 value. In real-life situations, the
practitioners rarely know the exact process shift size in the
process monitoring. Based on the results in Table II, the
VSSI X chart is a better choice for detecting process shift if
the exact shift size cannot be specified.

TABLE I: VSSI X CHART’S OPTIMAL PARAMETERS ( n1 , n2 , t2 , w) TO
MINIMIZE ATS1
ATS1
t1 = 0.10


0.20
0.40
0.80
1.20
1.60
2.00

n0 = 3

n0 = 5

1, 30, 1.073, 1.802
1, 30, 1.073, 1.802
1, 10, 1.283, 1.215
2, 5, 1.495, 0.963
2, 4, 1.990, 0.672
2, 4, 1.990, 0.672

1, 30, 1.158, 1.475
1, 30, 1.158, 1.475
2, 10, 1.594, 0.884
3, 6, 2.980, 0.429
4, 6, 1.990, 0.672
4, 6, 1.990, 0.672

TABLE II: VSSI X CHART’S OPTIMAL PARAMETERS ( n1 , n2 , t2 , w) TO
MINIMIZE EAT S1
EAT S1
t1 = 0.10

t1 = 0.10


0.20
0.40
0.80
1.20
1.60
2.00

n0 = 7

n0 = 10

1, 30, 1.235, 1.256
1, 30, 1.235, 1.256
4, 12, 1.540, 0.884
5, 8, 2.800, 0.429
6, 8, 1.900, 0.672
6, 8, 1.900, 0.672

1, 30, 1.405, 1.011
2, 30, 1.360, 1.063
6, 14, 1.900, 0.672
9, 11, 1.900, 0.672
9, 11, 1.900, 0.672
9, 11, 1.900, 0.672

( min ,  max )
(0.30, 1.00)
(0.30, 1.50)
(0.30, 2.00)
(0.50, 1.00)
(0.50, 1.50)
(0.50, 2.00)

t1 = 0.25


0.20
0.40
0.80
1.20
1.60
2.00

n0 = 3

n0 = 5

1, 30, 1.056, 1.802
1, 30, 1.056, 1.802
1, 12, 1.166, 1.328
2, 7, 1.188, 1.275
2, 5, 1.375, 0.963
2, 4, 1.750, 0.672

1, 30, 1.120, 1.475
1, 30, 1.120, 1.475
3, 14, 1.166, 1.328
3, 8, 1.500, 0.839
4, 6, 1.750, 0.672
4, 6, 1.750, 0.672

( min ,  max )
(0.30, 1.00)
(0.30, 1.50)
(0.30, 2.00)
(0.50, 1.00)
(0.50, 1.50)
(0.50, 2.00)

t1 = 0.25


0.20
0.40
0.80
1.20
1.60
2.00

n0 = 7

n0 = 10

1, 30, 1.195, 1.256
1, 30, 1.195, 1.256
4, 15, 1.281, 1.092
5, 9, 1.750, 0.672
6, 8, 1.750, 0.672
6, 8, 1.750, 0.672

1, 30, 1.338, 1.011
2, 30, 1.300, 1.063
7, 18, 1.281, 1.092
9, 11, 1.750, 0.672
9, 11, 1.750, 0.672
9, 11, 1.750, 0.672

( min ,  max )
(0.30, 1.00)
(0.30, 1.50)
(0.30, 2.00)
(0.50, 1.00)
(0.50, 1.50)
(0.50, 2.00)

Table III presents the ATS1 values of the optimal VSSI
X chart, based on the optimal parameters in Table I, for
  {0.20, 0.40, 0.80, 1.20, 1.60, 2.00}, when n0  {3, 5, 7,

10} and t1  {0.10, 0.25}. The optimal VSSI X chart is
compared with the Shewhart X chart. To ensure a fair
comparison between the VSSI X and Shewhart X chart,
the n and t of the Shewhart X chart are set equal to the n0

n0 = 3

n0 = 5

1, 30, 1.066, 1.802
2, 30, 1.108, 1.600
1, 30, 1.066, 1.802
2, 30, 1.108, 1.600
1, 29, 1.069, 1.787
2, 30, 1.108, 1.600
1, 17, 1.129, 1.525
2, 17, 1.225, 1.275
1, 14, 1.163, 1.418
2, 15, 1.270, 1.193
1, 13, 1.180, 1.376
3, 16, 1.164, 1.418
t1 = 0.10
n0 = 7

n0 = 10

2, 30, 1.196, 1.338
4, 30, 1.270, 1.193
3, 30, 1.156, 1.438
4, 30, 1.270, 1.193
3, 30, 1.156, 1.438
5, 30, 1.225, 1.275
3, 18, 1.327, 1.106
6, 20, 1.360, 1.063
4, 17, 1.270, 1.193
6, 19, 1.400, 1.016
4, 17, 1.270, 1.193
6, 18, 1.450, 0.964
t1 = 0.25
n0 = 3

n0 = 5

1, 30, 1.056, 1.802
1, 30, 1.120, 1.475
1, 30, 1.056, 1.802
2, 30, 1.090, 1.600
1, 29, 1.058, 1.787
2, 30, 1.090, 1.600
1, 17, 1.107, 1.525
2, 19, 1.161, 1.345
1, 15, 1.125, 1.457
3, 18, 1.115, 1.492
1, 14, 1.136, 1.418
3, 18, 1.115, 1.492
t1 = 0.25

( min ,  max )

n0 = 7

n0 = 10

(0.30, 1.00)
(0.30, 1.50)
(0.30, 2.00)
(0.50, 1.00)
(0.50, 1.50)
(0.50, 2.00)

2, 30, 1.163, 1.338
3, 30, 1.130, 1.438
3, 30, 1.130, 1.438
4, 21, 1.161, 1.345
4, 19, 1.188, 1.275
4, 19, 1.188, 1.275

4, 30, 1.225, 1.193
4, 30, 1.225, 1.193
5, 30, 1.188, 1.275
6, 23, 1.231, 1.182
6, 22, 1.250, 1.145
7, 23, 1.173, 1.311

TABLE III.: ATS1 VALUES OF THE VSSI X CHART AND SHEWHART X
CHART
ATS1

and t0 of the VSSI X chart. It is clear that the VSSI X
chart generally outperforms the Shewhart X chart, for all
process shifts and sample sizes. For example, from Table III,
to minimize the ATS1 for detecting the process shift
 = 0.20 , when n0 = 5 and t1 = 0.25 , ATS1 = 124.43 and

177.73 for the VSSI X and Shewhart X charts,
respectively, where the ATS1 value is reduced by 30% for
the implementation of the VSSI X chart.
Table IV presents the ATS1 values of the optimal VSSI
X chart, based on the optimal parameters in Table II, for
( min , max )  {(0.30, 1.00), (0.30, 1.50), (0.30, 2.00), (0.50,

n0 = 3


0.20
0.40
0.80
1.20
1.60
2.00


0.20
0.40

1.00), (0.50, 1.50), (0.50, 2.00)}, when n0  {3, 5, 7, 10} and
883

VSSI X Chart
t1 = 0.10
t1 = 0.25
181.20
27.24
3.80
1.51
1.09
1.02

182.03
27.79
4.26
1.89
1.31
1.15
n0 = 5

VSSI X Chart
t1 = 0.10
t1 = 0.25
122.96
13.07

124.43
13.72

Shewhart X Chart
227.72
93.04
18.79
5.61
2.44
1.47

Shewhart X Chart
177.73
56.59
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0.80
1.20
1.60
2.00


0.20
0.40
0.80
1.20
1.60
2.00


0.20
0.40
0.80
1.20
1.60
2.00

2.02
1.09
1.01
1.00

2.47
1.35
1.10
1.02
n0 = 7

VSSI X Chart
t1 = 0.10
t1 = 0.25
91.77
8.54
1.61
1.08
1.01
1.00

92.97
8.97
1.83
1.18
1.03
1.00
n0 = 10

VSSI X Chart
t1 = 0.10
t1 = 0.25
65.03
5.42
1.27
1.03
1.00
1.00

66.57
5.89
1.44
1.07
1.01
1.00

8.86
2.66
1.39
1.08

parameters are computed to minimize the EATS1 values for
all considered process shift ranges. No attempt has been
made in the current literature; hence, it could be viewed as a
useful suggestion, and especially in real-life situations that
practitioners rarely know the exact process shift sizes. The
VSSI X chart [17] has been successfully proved that it is an
effective chart for monitoring the process mean, in terms of
ATS criterion. The results indicate that the VSSI X chart is
superior to the Shewhart X chart, in terms of ATS and
EATS criteria. The VSSI X chart can be superimposed on
the Shewhart X chart, this means that the computational
difficulty between the VSSI X and Shewhart X charts is
not much different. Therefore, it should be given higher
consideration than the Shewhart X chart. Additionally, the
flexibility in varying the sample size and sampling interval
is able to reduce the cost of the process and at the same time
is able to detect an out-of-control signal quicker. Due to
certain constraints in real-life situations, practitioners are
able to change the VSSI X chart to the VSI X or VSS X
charts, by fixing the sampling interval or sample size,
respectively. Thus, the practitioners can select his preferred
optimal chart to monitor the process mean for their desired
situations. In future research, the evaluation of the EATS
performance can be extended to other advanced control
charts, such as run sum, exponentially weighted moving
average (EWMA) and cumulative sum (CUSUM) control
charts.

Shewhart X Chart
120.86
29.95
6.11
2.24
1.19
1.08

Shewhart X Chart
94.52
20.26
4.37
1.87
1.07
1.01

TABLE IV : EAT S1 VALUES OF THE VSSI X CHART AND SHEWHART
X CHART
EAT S1

n0 = 3

( min ,  max )
(0.30, 1.00)
(0.30, 1.50)
(0.30, 2.00)
(0.50, 1.00)
(0.50, 1.50)
(0.50, 2.00)

( min ,  max )
(0.30, 1.00)
(0.30, 1.50)
(0.30, 2.00)
(0.50, 1.00)
(0.50, 1.50)
(0.50, 2.00)

( min ,  max )
(0.30, 1.00)
(0.30, 1.50)
(0.30, 2.00)
(0.50, 1.00)
(0.50, 1.50)
(0.50, 2.00)

( min ,  max )
(0.30, 1.00)
(0.30, 1.50)
(0.30, 2.00)
(0.50, 1.00)
(0.50, 1.50)
(0.50, 2.00)

VSSI X Chart
t1 = 0.10
t1 = 0.25
14.54
9.96
7.67
6.25
4.37
3.45

14.71
10.11
7.81
6.46
4.55
3.62
n0 = 5

VSSI X Chart
t1 = 0.10
t1 = 0.25
7.75
5.30
4.12
3.29
2.39
1.97

7.95
5.46
4.26
3.51
2.57
2.10
n0 = 7

VSSI X Chart
t1 = 0.10
t1 = 0.25
5.05
3.53
2.82
2.25
1.72
1.49

5.28
3.71
2.96
2.46
1.87
1.60
n0 = 10

VSSI X Chart
t1 = 0.10
t1 = 0.25
3.28
2.40
2.00
1.61
1.33
1.23

3.52
2.57
2.12
1.79
1.46
1.31

Shewhart X Chart
46.77
29.53
21.44
26.52
15.96
11.31
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