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ABSTRACT Process capability index PCIs have long been used to assess process efficiency in the
manufacturing. While PCIs assess the process stability and efficiency, real measurements of product quality
depended on estimate the standard deviation for a short-term variance was calculated as the base approach in
several previous studies for measuring PCIs. Studies in recent years seek to estimate shift of the process mean
from target. In today’s smart manufacturing production climate, manufacturers keep track of production
performance. Since the deviance of process mean comparative to the target is different. This allows a more
robust norm to be implemented by estimate the relative shift to describe the variance of process in Six Sigma
(SS). For that purpose, this paper suggests an evaluation method by comparative analysis to four different
ways of calculating yield indexes Spk based on six sigma and control information, of X̄S chart. Moreover, this
paper extends the univariate process index yield SSSpk to a multi- generalized yield index is called SSMSpk .
An established an updated approach to assess univariate and multi-characteristic, based on understanding
variation which is critical to quality (CTQ) and focusing on the position and actions of natural process
tolerance between defined tolerances limits. To demonstrate the trueness verification proficiency of this
approach, this paper includes an industrial case study to assess the process efficiency in Aden’s oil refinery,
Yemen. The findings of this study indicated that the indexes which are calculating based on six sigma
outperformed existing indices and that this study has important implications for industrial practitioners,
researchers and quality control experts interested in the evaluation of process performance.

INDEX TERMS Critical to quality, process yield, six sigma, quality engineering, information of the control
charts, oil refinery.

I. INTRODUCTION
In today’s dynamic and globalized markets the Indus-
tries must deliver high-quality, cost-effective goods that
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consistently meet customer and engineering design specifica-
tions [1]–[3]. thereafter, capability process and quality level
have become key issues among manufacturers and essential
attributes in order to gain a competitive advantage, especially
in the world of intelligent consumers [3]–[5]. Manufactur-
ers have continuously attempted to classify the causes of
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variations in order to establish control measures for removing
or mitigating process variations over the years [6]–[8]. Statis-
tical Quality Control (SQC), and Statistical Process Control
(SPC). Methods and techniques have been used by different
industries to enhance the process efficiency of their manu-
factured goods and ensure that the outcomes of a process are
within the required quality standards [2], [7], [9], [10].

Since the introduction of process charts in the 1924s, (SPC)
has become an important tool for monitoring and improving
product quality in industrial sectors. SQC approaches have
been widely used in a variety of industries and organiza-
tions to raise quality standards, increase process efficiency,
and minimize product defects and variations [2], [9]–[12].
Furthermore, various approaches have been developed to
facilitate better quality control during production processes,
with notable contributions from, Ishikawa, Deming, Juran,
Montgomery, and others.

Control charts and process capability analysis (PCA) are
two tools to apply in SPC [13]. The control charts are
employed to observe whether the process is in control where
each product or service has an individual characteristic or
not. If these characteristics are measurable, variable control
charts may be used, otherwise, attribute control charts are
useable. Commonly, SPC monitors processes whether it is
‘‘in control’’ or ‘‘out of control’’ [14].

PCA is the other methodology that can be defined as the
ability of a process to deal with customer requirements which
are defined as specification limits (SLS). Process capability
indices (PCIs) are the main outputs of PCA which give a
numerical measure of whether a production process is capa-
ble of producing items within the SLS predetermined by the
consumer. If the certain minimum values of PCIs have been
got, the process is named as ‘‘capable process’’ which mean-
ing that it has succeeded in meeting SLs. If these minimum
values cannot be met, the process is named as ‘‘incapable
process’’ [15].

Capability analysis is a collection of indices and equa-
tions used to control whether a production process is sta-
tistically capable of producing goods within pre-defined
parameters [16], [17]. Capacity analysis is more precisely
summarized in indices and techniques that are used to mea-
sure, recognize uncertainty, and report the system’s process
capability and performance. For the past two decades, process
capacity analysis has been used in a wide range of industries
and organizations, including defining process requirements
for new products, vendor selection, predicting a process’
ability to hold tolerance, formulating quality assurance plans,
and assisting designers in selecting and adjusting processes
and maintaining product quality [2], [18]–[23].

The process capability index (PCI) is a flexible statisti-
cal instrument for evaluating a process’ ability to generate
products within predetermined specification limits [24]. PCIs
have gotten a lot of attention from control researchers and
engineers in the industry since 1980 [25]–[30].

Among different PCIs, Cp, Cpk , Cpm, and Cpmk
are the more well-widely and known utilized in the

industries [14], [24], [28], [31]–[34]. index Cp indicates the
potential capability of a process, that is, the capability level
reached by a process once it is ideally centred on target;
the index Cpk takes into consideration both process centring
and process dispersion with consideration to the concerned
consistency characteristic; Cpm tests the process’s proximity
to the target T , while Cpmk is a third-generation PCI that is
combined with Cpk and Cpm [35]. Regrettably, Cpk and Cpm
only provides limits on yield process for normally distributed
processes with two-sided specification limits, in which Cpm
should be more than

√
1/3 [35]. Of the different PCIs,

the yield index Spk introduced by Boyles (1994) not only
directly reflects yield process but also obtains an accurate
measure of yield process for normally distributed processes
with two-sided specification bounds. The index Spk is defined
as follows:

Spk =
1
3
8−1

[
1
2
8(

USL − µ
σ

)+
1
2
8(
µ− LSL

σ
)
]

where the 8(·) (CDF) of a standard normally distributed
is denoted N (0, 1),. The inverse function of standard CDF
is 8−1; both lower and upper specification limits are
denoted by LSL & USL, respectively; the process mean
is denoted by µ, and the process standard deviation is
denoted by σ , the Spk index establishes a relationship between
manufacturing requirements and actual process yield, in an
exact measurement of process yield. Spk , clearly suggests,
for a one-to-one transition to process yield or fraction
nonconformance.

Although the estimates of the parameters µ, σ can be
derived directly from these control charts for a statistically
stable method, they are not used in the subsequent stages
of capability assessment in practice. Instead, new samples
are drawn to approximate the same parameters, rendering
the method extremely inefficient see [36], [37] devised Cp
estimators based on X̄R and X̄S control chart details, as well
as the corresponding testing process. They’ve also proposed
a step-by-step approach to help practitioners for determine
whether the process is capable or not [38], argued in favor
of estimating Cpk using control chart info. With, followed
a Bayesian method, which necessitates awareness of the
probabilities Pr = µ < T and Pr = µ > T , which
are not always accessible. Despite the fact that Six Sigma
techniques can be applied to a variety of organizations, pre-
vious research suggests that employing Six Sigma during
the manufacturing process to increase product quality and
reduce defects and variations requires more effort and con-
centration [4], [22], [39], [40]. Aside from that, previous PCI
research hasn’t taken into account a systematic approach to all
possible configurations under the probability density curve
and tolerance limits [41]–[45]. Furthermore, the literature
indicates that implementing process capability indices based
on Six Sigma for evaluating the process efficiency of an
oil refinery has not been adequately explored in the sense
of PCIs based on Six Sigma implementation in industries
[46], [47]. In Yemen, in particular, Six Sigma implementation
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in the petroleum industry is still missing [14], [16], [39],
[47]–[51] are examples of studies in the field of oil in various
countries, especially in the field of quality control measure-
ment. However, control charts were used in those tests such
as X̄ , R̄ and S̄ charts and tools of Ishikawa [47] without
concentration the shift the mean process of the target. The
aim of this paper was to clarify the origins of the 1.5 sigma
change in relation to quality engineering methods by evaluate
the process quality in industries, we first use the process
capability index Spk that can provide a strict measure of yield
process.

Combining these ideas, this paper aims to provide an
estimator of Cpk and Spk based on X̄S information control
chart and six sigma idea taken into account a systematic
approach to all possible configurations under the probability
density curve and tolerance limits by proposing four different
estimation ways (1, 2, 3, and 4) to the assessment of the six
sigma yield (SSY) process and SSCpk , SSSpk yield indexes
centered on distribution equivalence by comparing distri-
bution with mean transition, and tolerance analysis-based
approach by focusing on the position and actions of natural
process tolerance between defined tolerances limits TL and
Plug-in estimator of SSY and (SSCpk , SSSpk ) based on the
information of X̄S charts. Mathematical proof is also given in
each case. This paper introduces the extension of the process
index yield SSSpk to a multi- generalized yield index is called
SSMSpk that can be used to assess processes with multivariate
characteristics in industries. Thus, this research anticipates
that the proposed statistical approach leads to ensure that the
industrial process is capable of producing products according
to the specification limits, improving industrial processes
performance, and reducing variations and defects. Also, this
research contributes to the existing literature by providing
comprehensive theoretical knowledge for developing and
extending new process capability indices based on Six Sigma.
In addition, this study considers the shift the mean of the
target process, and the use of levels in the 4σ, 5σ, 6σ to
the amount of improvement the current process performance
required to produce a capable process, to reduce defects and
variations. This paper introduces a case study to determine
the process efficiency of oil refinery process in Aden, refiner-
ies in order to illustrate applicability of this approach. The
findings of this study indicated that the estimation indices
based on six sigma outperformed existing indices and that this
study has important implications for industrial practitioners,
researchers, and quality control experts interested in the eval-
uation of process performance.

II. PROCESSCHARACTERISTICS: GUIDELINES
Process characterization gives objective evidence that impor-
tant product parameters and related process parameters
are capable of meeting specification limitations on a
consistent basis (customer requirements). (L,T ,U , µ, σ )
(µf ′, d ′,D,Dl,Du) are the five independent and dependent
characteristics needed to characterize a process given nor-
mally distributed data. Any process can be defined provided

sufficient information about these parameters is available to
plot the probability density curve and specification limits on
top of it as shown in Figure (1).

FIGURE 1. Process characterization.

The process characterisation is shown in Figure 1 in terms
of an inherent effect and internal engineered specified con-
straints. It also depicts the process features that are desirable
and possible (to be reached).

The following is an explanation of the process character-
ization notation: |µ − T | = Bias(µ − T ) = µf ′, µ̂f ′ =
|µ − T |/d Du = U − T part of interval tolerance between
specification limits, Dl = T − L Part of interval tolerance
between specification limits; d ′ = min |U − µ|, |µ − L|.
Here, it should be noted that the previous figure 1 may take
different forms that fit the cases referred to in Table No. 1.
Thus it clear in the meanwhile, Figure 1 and Table 1 show all
potential tolerance limit configurations as well as probability
density curves.

TABLE 1. Displays the tolerance limits as well as the probability density
curve.

III. ESTIMATION FOR SSY POTENTIAL AND ACTUAL
YIELD BASED ON 6σ

This section introduces the related capacity indices, provides
a brief description for each, and doing for their use in describ-
ing processes. This information will serve as a basis for the
parts that follow.

A. ESTIMATION FOR POTENTIAL PROCESS YIELD
SSY BASED ON 6σ
Cp is an index that calculates a process’s potential to fulfill
requirements. It’s defined as following:

Cp =
U − L
6σ

=
D
6σ

(1)
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The relative positions ofµ and T are not taken into account
in the description of Cp (given by Eq.1). The average of
the process distribution and the defined target could shift to
any location, but the value of Cp will not change as long
as the variability of the distribution σ and the specification
tolerance T do not change. As a result, it only assesses a
process’s potential to generate suitable products or services
and provides no detail about the process’s actual yield. The
advent of Cpk is motivated by this. The actual yield of a
process is the probability of generating a component within
requirement limits. If the process distribution is oriented at
the target value, i.e. µ = T , the capacity of a process is the
probability of producing a product within specification limits.

The word ‘‘six sigma process’’ refers to the fact that the
upper and lower specification limits are separated by two
times six standard deviations, i.e. U − L = 12 represented
by X presumptuous that there are possibility events x1 and
x2. That mean the variable of X̂ between upper and lower
specification limits is represents the yield process here the
area under the probability density function calculated from
X = L to X = U when µ = T is the potential of a process.
In this scenario, there are two possibilities: µ is closer to
U or µ is closer to L, thus the potential of the process, can
be expressed directly in terms of Cp. The following is the
derivation for the first possibility:
L ≤ X̂ ≤ U , The event of x1 = X ≤ U x1 =

max
(
Du
D ,

Dl
D

)
and x2 = X ≥ L, thus x2 = min

(
Du
D ,

Dl
D

)
When µ is close to L this implies that x1 =

(
Du
D

)
= x1D =

Du and x2D = Dl this suggests that potential yield of process
based on six sigma idea SSY can be estimate as following:

SSŶ = 8
[
U − L
σ

]
−8

[
L − µ
σ

]
= 8

[
U − L
σ

]
−

[
1−8(

L − µ
σ

)
]

= 8

[
x1D
σ

]
−

[
1−8(

x2D
σ

)
]

= 8

[
6x1D
6σ

]
+

[
8(

6x2D
6σ

)
]
− 1

SSŶ = 8(6x1Cp)+8(6x2Cp)− 1 (2)

where 8(·) is the CDF of the standard-normal distribution.
When µ is closer to U , it is easy to verify that potential is
the same. Also the potential yield can be calculated as Eq
as (2). Hence LSL ≤ X ≤ USL, the event of x1 and x2 is an
occurrence that can be presented as x1 ∩ x2 and the potential
yield process pr (L,≤ X ≤ U), thus

p(x1) =
(X − µ)
σ

≤
(USL − µ)

σ
= 8(6x1 × Cp),

p(x2) =
(X − µ)
σ

≥
(LSL − µ)

σ
= 1−8(−6x1Cp),

=
(X − µ)
σ

≥
(µ− LSL)

σ
= 8(6x1Cp), (3)

Thus SSŶ = 8(6x1Cp)+8(6x2Cp)− 1.

B. ESTIMATION FOR SSY ACTUAL YIELD BASED ON 6σ
AND CONTROL CHART INFORMATIONS
Kane (1986) proposed the Cpk index as a way to assess actual
yield process capability Cpl , which expresses the effect of the
mean process on the overall capacity process, as follows:

Cpl =
(µ− L)

3σ
, Cpu =

(U − µ)
3σ

Cpk = min
(
Cpl,Cpu

)
(4)

Although the most commonly used tool point estimates of
PCIs are (Cp, Cpk and Spk ). The base approach for estimates
the CPIs indexes was to calculate standard deviation for a
short-term variance. Variation between subgroups is not taken
into account when calculating these indices. For this reason,
we use a combination of estimation of parameters to measure
yield process with keep track of production performance and
the gap between the process’s mean change and the target
value at all times. Following Pearn et al (2007) [58] the Cpk
can be outlined in the following way:

Cpk = Cp

(
1−
|T − µ|
U − L/2

)
=
U − L
6σ

[
1−
|U − µ|
U − L/2

]
(5)

where U and L denotes the (upper and lower) specification
limits, µ̂ = X denotes the mean process, that X ∼ N

(
µ, σ̂ 2

)
and, and σ̂ denotes standard process, σ̂ = σ 2/N The target
value is (U +L)/2 = T , |µ−T | tests the degree of centering
of process. Denoting |µ − T | = µf ′σ µf ′ ≥ 0, Assume the
specification is U − L = D = Du +Dl = 2 kσ . Thus, based
on the Eq (5), Cpk will become as follows:

SSCpk =
2kσ
6σ

(1−
2µf ′σ
2kσ

) =
k − 1.5

3
(6)

Here the k is sigma process level SPL follow (Chen et al
2017), we can collated k based control chart info as following:

Lσ = k = min

(
(
1− µf ′/d√
(σ̂ST )2/d

+ 1.5),
1+ µf ′/d√
(σ̂ST )2/d

+ 1.5

)
(7)

where σ̂ST =
√(

S̄/C4
)2 An unbiased estimate for σ̂ , the µ̂f ′

is estimation to |X − T | and d = (U − L)/2, follows a
folded normal distribution with mean, as suggested by Leone
et al [52]

µf ′ =
σ
√
2

√
Nπ

e
N ( ¯̄X−µ)
2σ2 + (µ− T ×

[
1− 28

(
(µ− T )
σ

)]
(8)

and σ f ′ = (µ− T )2 + σ 2

N − µ
∗2
f , σ f

′

Notationally |X − T | ∼ FN
(
µf ′, σ f ′2

)
Hence

E
(∣∣∣ ¯̄X − T ∣∣∣) = µf ′ (9)

The yield of process is

SSŶ =

USL∫
LSL

N (µ, σ 2)dx (10)
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By replacement u = µf ′, σ 2
= σ f ′2 USL = µf ′ +

1.5σ f ′ + k and LSL = µf ′ + 1.5σ f ′ − k
That is

SSŶ =
[
8((1.5+(3SSCpk+1.5))−8((1.5−(3SSCpk+1.5))

]
,

SSŶ = [8(1.5+ k)−8(1.5− k)] (11)

Motorola developed the Six Sigma Approach, in 1986. The
word ‘‘six sigma operation’’ refers to the fact that the upper
and lower specification limits are separated by two times of
six deviation, i.e. U − L = 12σ [53]., Here the assumption
a value of µ̂f ′, µ̂f ′ = |µ − T | = 1.5. Nevertheless-
experience has been shown that processes don’t always work
in the long run like they do in the short run. As a conse-
quence, the process mean µ and the target T are out of sync.
As compared to a short-term sample, the value |µ − T | can
increase over time. In fact, 1.5 sigma shift is commonly used
to computation to account for this real-life rise in process
variance over time. By this concept, a process that suits six
sigma would have a long-term yield process is 0.999996 with
PPM non-conformities is 3.4. According to this idea of six
sigma, the k is level of process a fixed value 1.5. According
to Eq (5) we have

SSCpk (
∣∣µf ′∣∣ = 1.5σ f ) =

k
3
− 0.5 (12)

From Eq (10) and Eq (12), establish the relationship
between the value of K, the yield process SSY and PCI
SSCpk (|µ−T| = 1.5σ ) The result indicates there relationship
one to one between SSCpk and SSY when the difference
|µ − T| is taken as a constant value of 1.5. Hence for the
calculation of SSCpk should by know value of level sigma
process k thus the process level can by collected as Eq (6)
that lead to estimation level sigma if we know the value of
index SSCpk then the k = 3 SSCpk + 1.5 also the index
SSCpk can assess the efficiency of a one-sided process. If the
variable only has (L) a lower specification, the process yield
can be determined by taking the USL as +∞. On the other
hand, it defines for processes that only have an upper spec-
ification limit. While the traditional index Cpk was alone is
insufficient to determine the processes actual yield. Hence the
estimation processes yield, distinguish between potential and
actual yield, the process’s actual yield is same as the potential
yield, but if (µ 6= T ,) the yield potential is higher of the
actual yield. As a result, it is possible to conclude that: (The
process’s potential, ≥ actual yield). Although Cp, calculates
the process’ potential, (whichmay not be equal to the process’
actual yield). If (µ = T ) The region between U and L
under the probability density curve of quality characteristic
X when (µ = T ) is the process’ potential. The region if
(µ 6= T ) between L and U beneath the PDC of performance
characteristic X is the process’s actual yield. The lower bound
denotes the area in the regions under the PDC of the quality
function X ≥ U if µ. is closer to U or X ≥ L if the µ. is
nearer to L Meanwhile, in regions µ ≤ X ≤ U , the L is
double the range under the D-curve of X if µ is near to U or
X ≥ L and if µ. is close to L.

Table 1 shows that cases (A2 B2, and C2) are
mirror-imageries of cases (A1, B1, and C1) respectively. As a
consequence, the actual yield reckoning for a group a case
would be the same as for the corresponding group ‘(A1, B1,
and C1)’ cases. As a result, by Table 1, the actual yield terms
for cases (A1, B1, and C1) are as follows:

Actual yield(A1)

= 8 [U − µ/σ ]−8 [L − µ/σ ]

= 8
[
Du + µf ′/σ

]
− [1− (8(µ− L/σ )]

= 8
[
Du + µf ′/σ

]
−
[
1− (8(d ′/σ )

]
= 8

[
(Du + Dl)/σ )− d ′/σ

]
−
[
1−8(3d ′/3σ )

]
= 8

[
6(Du + Dl)/6σ )− 3d ′/3σ

]
+
[
8(3d ′/3σ )− 1

]
= 8(6× Cp − 3× Cpk )+8(3× Cpk )− 1 (13)

Actual yield (B1)

= 8 [U − µ/σ ]−8 [L − µ/σ ]

= [d/σ ]− [1−8(µ− L/σ ]

= 8
[
Du + µf ′

]
−
[
1−8(Du + Dl)− d ′)/σ

]
= 8

[
3d ′/3σ

]
−
[
1−8(Du + Dl)/σ )− d ′/σ

]
= 8

[
(Du + Dl)/σ )− d ′/σ

]
−
[
1−8(3d ′/3σ )

]
= 8

[
6(Du + Dl)/6σ )− 3d ′/3σ

]
+
[
8(3d ′/3σ )− 1

]
= 8(6× Cp − 3× Cpk )+8(3× Cpk )− 1 (14)

Actual yield (C1)

= 8 [U − µ/σ ]−8 [µ− L/σ ]

= 8
[
Du + Dl − d ′/σ

]
− [1−8(µ− L)/σ ]

= 8
[
((Du + Dl)/σ )− (d ′/σ

]
−
[
1−8(d ′)/σ

]
= 8

[
(6Du + Dl)/6σ )− d ′/σ

]
−
[
1−8(d ′/σ )

]
= 8

[
6(Du + Dl)/6σ )− 3d ′/3σ

]
−
[
1−8(3d ′/3σ )− 1

]
= 8(6× Cp − 3× Cpk )+8(3× Cpk )− 1 (15)

By the above, the general expression of a process’s actual
yield can be determined for all cases as follows:

SSY = 8(6× Cp − 3× Cpk )+8(3× Cpk )− 1 (16)

Also a control chart may be used to collect information
related to process output when the process is typically dis-
tributed and reaches a steady state condition (i.e. a well-
controlled process) and allows the easy identification of
assignable triggers for process adjustments Montgomery,
2009). For this reason, we use a combination of X̄ and σ
charts to estimation processes with two-sided specifications,
follow (Chen et al 2017), the process yield can be rewritten
as functions of and as follows:

SSŶ =
[
8

(
(1+ µf ′)/d
(s̄/c4)/d

)
+8

(
(1− µf ′)/d
(s̄/c4)/d

)]
− 1 (17)

As previously mentioned, there are (4) four ways to esti-
mation the yield process by using Six Sigma and information
control chart with analyzing the components of tolerance.
First way for estimation SSY is according to the possibility of
yield as show at equation (2). The second way for estimated
the yield process is based on collected the index SSCpk and
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level sigma of process as shown in Eqs (5 to 12). The third
way for estimation yield process is by the potential and actual
yield process as shown in Eqs 13 to 15 and then the a general
expression of a process’s actual yield can be determined
the samurais for that as Eq (16). Finally the forth way for
estimator yield process by the information control chart as
shown at Eq (17). All cases can be arranged as follows:

Case (1) SSŶ = 8(6x1Cp)+8(6x2Cp)− 1

Case (2) SSŶ =
[
8((1.5+ (3SSCpk + 1.5))

−8((1.5− (3SSCpk + 1.5))
]

= [8(1.5+ k)−8(1.5− k)]

Case (3) SSŶ = 8(6× Cp − 3× Cpk )+8(3× Cpk )− 1

Case (4) SSŶ =
[
8

(
(1+µf ′)/d
(s̄/c4)/d

)
+8

(
(1−µf ′)/d
(s̄/c4)/d

)]
−1

(18)

All cases estimation focused on keep track of yield process
and the gap between the process’s mean change and the target
value at all times.

IV. ESTIMATION OF THE SIX SIGMA YIELD INDEX SSSPK
ACCORDING TO THE INFORMATION CONTROL
CHART and 6σ

As a result of the above, we’ve already defined the six sigma
yield process by deferent ways as shown at Eq (18) by use
any one of that equations, we can estimation the process yield
index SSSpk based on, six sigma concept and control chart
information follows normal distribution with two sided that
the same way as Spk index shown Eq (1) was suggested by
(Boyles, 1994).

SSŜpk =
1
3
8−1

[
(SSŶ + 1)/2

]
(19)

The index SSSpk have a one-to-one correspondence, the
higher the SSSpk , lead to the better yield process SSY, and
the smaller the SSSpk , lead to the worse yield process. As a
result, SSSpk is able to present an accurate representation of
process yield from which manufacturers can derive bench-
marks and serve as a product quality guide for third par-
ties. Then, according to Equations (18 and 19), can get the
correspondence between process yield SSY and SSSpk index
for different |X − T |µ̂f ′ can see some of the values as
shown that at table (3) it’s come of analysis data of our
case study. Obviously, SSSpk provide an exact measure of the
process yield without consider the estimator the µ̂f ′. Thus
the |X − T | follows a folded normal distribution, already
defined at Eq 7 and Eq 8. By replacing SSY in the equation
19 the index SSSpk can by collected or can be rewritten as
follows:

Case (1) SSŜpk

=
1
3
8−1

[
1
2
(8(6x1Cp)+8(6x2Cp))− 1+ 1

]
(20)

Case (2): SSŜpk

=
1
3
8−1

[
1
2

(
(8(1.5+ (3SSCpk + 1.5))

−8(1.5− (3SSCpk + 1.5))
)
+ 1

]
,

SSŜpk

=
1
3
8−1

[
1
2
(8(1.5+ k)−8(1.5− k))+ 1

]
, (21)

Case (3) SSŜpk

=
1
3
8−1

[
1
2

[
8(6× Cp − 3× Cpk )+8(3× Cpk )− 1

]
+ 1
]

(22)

Case (4) SSŜpk

=
1
3
8−1

{
1
2

[(
8

(
(1+ µf ′)/d
(s̄/c4)/d

+8

(
(1−µf ′)/d
(s̄/c4)/d

))
−1
)]

+ 1
}

(23)

Follow Boyles, (1994), The univariate yield index Spki has
been expanded to include processes with multiple quality
characteristics Xi = x1, x2, x3 . . . . . . xv The Spk index can
be used to define relationships between both the process’s
actual output and its tolerance limits for normal distributed
processes with the ith characteristic of i = 1, 2, 3 . . . . . . v,
according (Boyles, 1994) the index for multivariate charac-
teristic, can be define as follows:

Spki =
1
3
8−1

[
v∏
i=1

(Ui − µi)
σi

+
(µi − Li)

σi

]
(24)

where the Li, Ui are lower, upper limits of µi = X̄i, the
ith of the quality characteristics. However, the aim of this
research is to look at multivariate industrial processes with
two-sided specification limits. Follow Chen et al., (2003)
TSpk was suggested total yield index formultiple quality char-
acteristics. Thus, the SSSpki can be expanded to a multivariate
generalized total yield index SSSpki based on six sigma using
the following formula:

SSMSpk = 1/38−1
v∏
i=1

(28(3× SSŜpki)− 1)+ 1/2

= 1/38−1
v∏
i=1

(SST Ŷi)+ 1/2 (25)

Distribution of SSMŜpk

SSMŜpk =
1
3
8−1


v∏
j=1

(28(3× SSŜpki)− 1)+ 1

2

 (26)

where SSŜpki denotes the estimator of SSSpki, SSŜpki ∼

N
(
SSMSpt,

(
a2i , b

2
i

)
/36 n

(
φ
(
3 SSSpki

))2 and all SSŜpki are

mutually independent then SSŜpki has the mean of the
asymptotic normal distribution SSMSpk and the asymptotic
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normal distribution
1

36n[φ(3× SSMSpk )]2

×

[
v∑
i=1

((
a2i + b

2
i

)(∏v
i=1 (28(3× SSSpki)− 1)2

28(3× SSSpki)− 1)2

))]
(27)

SSMŜpk

∼ N


SSMSpk

[
1
/
36n× (φ(3× SSMSpk

]
×

 v∑
i=1

a2i + b
2
i=1


v∏
i=1

(28(3× SSSpki)− 1)2

28(3× SSSpki)− 1)2





(28)

Proof: Using v-variate Taylor’s first order expansion

⇒ f (x) = f (x0)+
v∑
i=1

∂f (x0)
∂xi

(xi − xi0),

where X = x1, x2 . . . . . .Xv we take v = 2 to derive the
asymptotic distribution of SSM

_

Spk , for example

E
(
SSMŜpk

)
= SSŜpki,Var SSŜpki

=
(a2i + b

2
i )

36n(φ(3× SSSpki))2
∀ = 1, 2 (29)

From the explanation we have (30), as shown at the bottom
of the page.

Then, (32) as shown at the bottom of the page.
Similarly, (33) as shown at the bottom of the page.
A according to the central limit theorem ≥SSMŜpk has an

asymptotic normal distribution with mean and variance.(
1

36n× (φ(3× SSMSpk ))2

)
×

(
(a21 + b

2
1)× (28(3× SSSpk2)− 1)2

+ (a22 + b
2
2)× (28(3× SSSpk1)− 1)2

)
 (33)

Similarly consider v as a set of variables, and the asymp-
totic distribution of SSMŜpk can be calculated as

SSMŜpk

∼ N

 1
36n× [φ(3× SSMSpk )

×

 v∑
i=1

a2i + b2i )
v∏
i=1

(28(3×SSSpki)− 1)2

(28(3× SSSpki)− 1)2



 (34)

V. IMPLEMENTATION AND RESULTS, DISCUSSIONS IN
ADEN REFINERY OF OIL
A. PROCESS OVERVIEW OF THE ADEN REFINERY
Water and mechanical impurities (salt, sand, and clay) are
removed and filtered after crude petroleum processing in

E(SSMŜpki) = E(f (SSSpk1, SSSpk2))+ E

(
∂f (SSSpk1, SSSpk2)

∂(SSŜpk1)

)
× SSŜpk1 − SSSpk1

+E

(
∂f (SSSpk2, SSSpk2)

∂(SSŜpk2)

)
SSŜpk2 − SSSpk2

= f (SSSpk1, SSSpk2) = (SSMSpki) = (SSMSpki) =
1
3
8−1

×
{[
(28(3× SSSpk1)− 1)(28(3× SSSpk2)− 1)+ 1

]
/2
}

var SSMŜpki =

(
∂f (SSSpk1, SSSpk2)

∂(SSŜpk1)

)2

var SSŜpk1

+

(
∂f (SSSpk1, SSSpk2)

∂(SSŜpk2)

)2

var SSŜpk2 ∵ f (SSŜpk1, SSŜpk2)

=
1
3
8−1

(
28(3× SSŜpk1)− 1)(28(3× SSŜpk1)− 1)+ 1

)
/2



(30)

(
∂f (SSŜpk1, SSŜpk2)

∂SSŜpk1

)
=

(
(28(3× SSŜpk1)− 1)φ(3× SSŜpk1)

φ(8)−1((28(3SSŜpk1)− 1)(28(3SSŜpk2)− 1)+ 1)/2

)
×

(
∂f (SSŜpk1, SSŜpk2)

∂SSŜpk1

)

=

(
(28(3SSSpk2)− 1)φ(3SSSpk1)

φ(8)−1((28(3× SSŜpk1)− 1)(28(3× SSŜpk2)− 1)+ 1)/2

)
 (31)

(
∂f (SSŜpk1, SSŜpk2)

∂SSŜpk2

)
=

(
(28(3× SSŜpk1)− 1)φ(3× SSŜpk2)

φ(8)−1((28(3× SSŜpk1)− 1)(28(3× SSŜpk2)− 1)+ 1)/2

)
= var SSM̂Spk =

1
36n(φ(3× SSMSpk ))2

(
(a21 + b

2
1)× (28(3× SSSpk2)− 1)2

+ (a22 + b
2
2)× (28(3× SSSpk1)− 1)2

)
 (32)
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production centers (petroleum wells). The refined petroleum
is kept before being shipped to refineries or sold to other
countries. Because crude petrol is a mixture of diverse hydro-
carbon components, decomposition of crude petroleum into
fundamental components begins at the refinery stage. Refin-
ing is required for the processing of crude petrol because it
removes undesirable chemicals and turns them into consum-
able products.

Petroleum is the world’s main source of oil. The petroleum
refining process involves using a chemically modified device
to convert crude oil into usable items such as petroleum gas
(LPG), gasoline (petrol), diesel, kerosene, fuel oils, and jet
fuel. It is an important source of energy that is used in a range
of applications such as transportation, manufacturing, and
electric power generation. In Yemen, oil accounts for 30-40%
of GDP, 70% of government income, and 63% of export
value (Aden Refinery 2016). Specific laboratory tests for the
ratio and spillage rate, as well as indirect measures such as
viscosity forms and refractive index, are used to accomplish
this. Distillation is one of the most widely used methods
for processing crude petroleum. The Aden refinery divides
petroleum derivatives into two phases using two distillation
processes (Aden Refinery 2016):

Controlling oil products (petroleum derivatives) is a highly
precise and complex process that involves many key stages.
Before performing the necessary tests on each component,
make sure the density rate is right, as well as the amount
of octane number required to determine the burning phe-
nomenon of oil once used in a engine that uses this petroleum.
If the octane is low in this event, it may normally be increased
by mixing it with another oil with a higher octane or by
addition lead materials, such as 2.5 g/gallon (corresponding
to 0.69 grams of lead per liter of oil). Quality control is carried
out separately for each product in Aden’s oil refinery, and
it is normally done in several stages. After the oil products
have been segregated, statistical control is normally done
after the products have been separated in individual tanks.
The statistical regulation can be explained in the following
ways:

i. Every 8 hours, a sample of oil is taken from each
tank from three separate locations: the top,middle, and
bottom.

ii. Sample testing (tests): It is a test procedure
iii. Following the completion and recording of the previ-

ous tests, each final value (resulting from the measure-
ment) is compared to the international and domestic
standard defined for each test. The procedure is car-
ried out in this case with a minimum and maximum
range. Since most tests do not have super or small
output values, only values between the min and max
are possible. Controlling a particular product involves
commanding a collection of physical properties that
are then used to evaluate the product’s effectiveness.
The three gasoline characteristics of octane num-
ber, vapor pressure, and density, are used to evalu-
ate the quality of the petroleum product generated

A Case Study in Aden’s Oil Refinery, Yemen. The
following is a description of those characteristics.

1) DENSITY OF CHARACTERISTIC
This feature is crucial because it is impossible to monitor
other petrol characteristics without having the same density.
We show that each product exhibits its own specified features,
some of which are global and others which are limited to
the refinery, based on the properties of petroleum derivatives
and the boundaries of the standardized requirements in the
Aden refinery in Yemen. Petrol has properties such as density
that is between the upper and lower limitations based on
the refinery’s set restrictions (specification limits). The upper
and lower specification limits for oil density are respectively
0.73 and 0.70. These are also the local refinery oil specifica-
tion restrictions in Aden (Source: Aden oil refineries). As a
result, the oil is said to be kerosene if the density is less than
0.73. As a consequence, if the density value is greater than
0.73, the oil is kerosene; if it is less than 0.70, the oil is vapors
and gases.

2) OCTANE NUMBER OF CHARACTERISTIC
The machines’ degree of explosion (combustion) is repre-
sented by the octane of fuel, which has a variety of effects
on the oil’s overall consistency. For example, if the octane
number is less than 90, it reasons consumption instability,
increases engine temperature, and affects car speeds. The
presence of paraffin’s and aromatic hydrocarbons (naphtha-
lence), among other things, causes the octane number to be
low during the distillation process, resulting in oil instability
against the fugitive (its explosive stability).This impact can
be altered by addition materials to the liquid, such as lead,
or by combining liquids of different octane numbers. For this
reason, the Aden refinery’s quality control of oil petroleum
users tests the oil on a regular basis to ensure that it is pro-
cessed in accordance with the The appropriate octane number
ranges from 90 to 100.

3) VAPOR PRESSURE OF CHARACTERISTIC
At a certain temperature, the vapor pressure is known as
steam vapor pressure. Generally, any substance with a higher
vapor pressure has a higher chance of being flammable and
exploding. When a liquid reaches its boiling point, it begins
to evaporate, and Particles start to leave the liquid surface
and enter the void above it. However, when there’s no vac-
uum point up the product, these molecules will reach top
temperature, the vapor pressure on the vessel’s walls will
be equivalent to the amount of atmospheric pressure and
vapor pressure. As a result, the vapor pressure of gasoline
is generally controlled to stay within the upper and lower
requirements limits of 7 and 10, respectively. The vapor
pressure of oil products varies greatly from one country to
the next. It should be noted that lower vapor pressure values
(below the lower specification limit) make starting machines
or cars difficult. The lower and upper density, octane number,
and vapor pressure requirements limits are shown in Table 2.
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TABLE 2. Gasoline specification limits (Aden Refinery 2016).

Themultivariate process characteristics in this study (vapor
pressure, density, and octane number) are normally dis-
tributed. The target, and the upper and lower specification
limits, as shown below:

L ′ = (L1,L2 . . . ,Lk ) = (90, 7, 0.70)

U ′ = (U1,U2 . . . ,Uk ) = (100, 10, 0.73)

T ′ = (T1,T2 . . . ,Tk ) = (95, 85, 0.715)

B. ASSESSMENT OF ADEN REFINERY’S CURRENT
PERFORMANCE
The first step in assessing the process efficiency status of
every industry is to measure current performance. There are
several metrics that can be used to determine the current pro-
cess efficiency. The majority of these metrics are subjected
to a number of estimation techniques, resulting in a variety
of results. As a result, it’s critical to use the right estimation
methods and measurement techniques when evaluating pro-
cess results. This is the focus of many studies, and the purpose
of this research is to develop metrics for evaluating and
measuring industrial process production consequence, this
paper provides a case analysis to measure process efficiency
of Aden’s oil refinery, Yemen.

1) DATA COLLECTION AND ACQUISITION
Three among the most important features of petroleum,
namely octane number, density, and vapor pressure, are
examined in this study. These features are, without a doubt,
the most important characteristics of all oil products. The
following steps are used to calculate relative vapor pressure,
density, and octane number: This technique is used to obtain
relative data about gasoline: To begin, a sample of petroleum
is randomly collected of the tanks oil using (hydrometer) at
three locations: the bottom, middle and upper, parts of the
tank. Since the density values vary at different locations in
the tank, the sample is then mixed together. Following the
mixing of the sample, it is taken to the laboratory to be
checked in order to obtain the results. The density, octane
number, and vapor characteristics. 40 samples were acquired,
each consisting five items, from the product in even inter-
vals (every 8 h). After the data was collected randomly to
200 samples size. Statistical important tests associated with
the effectiveness of the data for moreover analysis has been
done. It includes of key statistical tests which are normality,
stationary, autocorrelation and process capability tests and
heteroscedasticity (autoregressive model) test. The results of
tests of the petroleum properties for octane number, density
and vapor, stable where results conclude that the tested series
do not have a unit root. Also, the data of the density, octane

number, and vapor characteristics do not have autoregressive
and the results indicate that the process is capable of density,
octane and vapor characteristics, therefore, the results for all
characteristics concluded that normality, stationary, not have
autoregressive and capable that means on the tested the all
characteristics are statistically reliable for further analysis we
implement the process actual yield proposed indexes based on
six sigma concept and information control charts as follows:

2) EVALUATION OF LEVEL PROCESS PERFORMANCE AT
YEMEN’S ADEN OIL REFINERY
This section explains how to evaluate and calculate potential
and actual yield process by used the traditional indications
and then comparison of results with the suggested approach
in this study which are indices using the Six Sigma principle,
the 1.5 sigma shift of the mean from the target. Standard
deviation, and magnitude of variance coefficients, and infor-
mation control chart. In summary we’ll look at the case of
petroleum refining process products. Each product is made
up of a number of different components. A Gasoline refinery
needs to compare the process quality of Oil Characteristics
between three Characteristics to decide which Characteristics
to choose in this process. All, the Characteristics selection
process was assessed a ∝ = 0.05 significance level. All
Characteristics collected sample data (200 of Gasoline, the
intervals from a stable process) for a mass-produced Gaso-
line. The overall sample means Xi pooled sample standard
deviations σi and calculation of yield process SSY for the
3 Characteristics (i.e. I = 1; 2; 3). Then the four differ-
ent ways to estimate the process yield based on Six Sigma
and information of control charts for characteristics, as dis-
cussed previously using Eq (2), for the first estimation way,
Eqs (4-12) for second way, Eqs (13-16) for the third way, and
Eq (17) for the fourth way.

C. DISCUSSION OF THE RESULTS
This part include a detailed explanation of the pre-processing
steps where various significant statistical tests results and
discussions associated with the validation of the data are per-
formed prior to measure current performance and implemen-
tation of the proposed PCIs based on Six Sigma to evaluate
the process performance of the oil refinery process in Yemen,
to ensure that the data in hand are reliable, follow normal
distribution, and statistically sufficient for further analysis.
Normality, stationary, autocorrelation, and heteroscedastic-
ity tests (autoregressive model; univariate and multivariate).
Aswell as this part illustrates an elaborates the results and dis-
cussions of the proposed approach for evaluating and improv-
ing process performance of oil refinery in Aden, Yemen.
It contains the results of implementation the theoretical side
thus this part demonstrate the trueness verification profi-
ciency of all research objectives of this study.

1) STATISTICAL TESTS RESULTS AND DISCUSSIONS
Table 3 shows the results of the normality test for density,
octane number, and vapor pressure. The three properties
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TABLE 3. Shown the normality tests for gasoline properties.

definitely follow a normal distribution, as evidenced by the
p-values of the Kolmogorov-Smirnov and Shapiro-Wilk sta-
tistical tests, which are both over 5%. It’s also worth noting
that the density, octane number, and vapor pressure are all sta-
tistically significant and so suitable for further research. As a
result, the null hypothesis is accepted because the p-value is
higher than the significance level of 5%. The skewness is also
between (−1/2) and (+1/2), indicating that the distribution is
approximate.

a: PROCESS STABILITY TEST (UNIT ROOT)
Table 4 shows the results of the Augmented Dicky-Fuller unit
root test. All of the series are tested with constant and trend,
and the best lag is chosen based on the frequency of the data.
According to Perron, P. (1989) [18] experimenting with a
range of values is normal, and the frequency of the data can
be used as a criterion for selecting the number of lags of the
residuals. The t-statistics were bigger than their critical value,
indicating that all of the variables evaluated were integrated
of order zero or stationary with the I(0) process at the 5%
significant level. The findings show that the tested series do
not have unit root.

TABLE 4. Shows the results of the ADF unit root test in terms of level and
first difference.

b: TEST OF AUTOREGRESSIVE
The study is expanded to examine the fundamental statisti-
cal tests that were linked with the univariate autoregressive
model in order to investigate the data’s features. Normality,
autocorrelation, and heteroskedasticity are the tests that are
applied to the underlying series individually. Table 5 summa-
rizes the findings.

The univariate autoregressive model results for density,
octane number, and vapor pressure, as given in Table 5 with
one degree of freedom, the Jarque- Bera test of normality for
residuals was used. The JB-test statistic was found to have
values of 0.18, 3.54, and 1.33 for, vapor pressure, octane

TABLE 5. Results using a univariate autoregressive model.

number, and density respectively. At a 5% level of signifi-
cance, these results are less than the critical value of 3.84.
Because the p-values are bigger than the 5% level (% 0.93,
% 0.16%, and 0.52%), these traits are not statistically signifi-
cant. As a result, the residuals of the octane number, vapor
pressure and density series were all found to be regularly
distributed.

The Breusch-Godfrey-Lagrange Multiplier (LM) was used
to test serial correlation with two degrees of freedom for
density, octane number, and vapor pressure. For vapor pres-
sure, octane number, density and the resulting LM statistic
values are 0.57, 0.43 and 5.65 respectively. These values
are statistically insignificant at the 5% level since they are
less than the crucial value of 5.98. Furthermore, the test
indicated that the residuals of the investigated characteristics
are not serially associated because the p-values for vapor
pressure, octane number and density are %0.76, %0.82, and
%0.07 respectively, which are greater than the 5% level of
significance.

The AutoRegressive Conditional Heteroskedasticity
(ARCH) test was used to examine the heteroscedasticity of
the three attributes with only one degree of freedom. The
ARCH statistic values for vapor pressure, octane number and
density are 2.85, 0.09 and 0.64 respectively, based on the
results. These values are statistically insignificant at the 5%
level since they are less than the crucial value of 3.90. Fur-
thermore, the p-values for vapor pressure, octane number, and
density with values of %0.08, 0.76, and 0.41, respectively, are
greater than the 5% significance level.

The analysis progressed to apply the vector autoregres-
sion (VAR) model to perform this conclusion on data vali-
dation. The analysis was built on the specified VAR model,
which was checked for attributes of interest series. The octane
number and vapor pressure series were regressed on them-
selves, and the results are shown in Table 6.
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TABLE 6. Results test by multivariate model autoregressive.

The Jarque- Bera residuals normality test was used in
conjunction with one degree of freedom. The JB-test statistic
had a value of 1.86, which was less than its critical value
of 3.53, and was not significant because the p-value (percent
0.35) was more than the 5% level. As a result, the residuals of
the calculated multivariate autoregressive model were shown
to have a normal distribution.

The Breusch-Godfrey of Lagrange Multiplier (LM) test
statistic value (5.25) for serial correlation with two degrees
of freedom was less than its critical value of 4.98 and statis-
tically insignificant at the 5% level. The test indicated that
the residuals of the VAR model were not serially associated
because the p-value (percentage 0.07) was greater than the
5% level of significance.

With only one degree of freedom, the AutoRegressive
Conditional Heteroskedasticity (ARCH) test was used to test
for heteroscedasticity in the VAR model. The 0.80 value of
the ARCH statistic was less than its critical value of 3.53,
indicating that it was statistically insignificant at the 5%
level. The p-value (percentage 0.26) was higher above the
significance threshold of 5%. As a result, the residuals were
homoscedastic, indicating that there was no indication of
heteroscedasticity on the tested VAR model.

2) RESULTS AND DISCUSSIONS FOR
CURRENT PERFORMANCE
The result and discussion of the current process performance
for density, octane number, and vapor pressure through esti-
mation to sigma level and process capability indices. For that,
the estimation (SD) is an important feature that serves as
the foundation for statistical analysis of process capabilities.
Where capability indices derived from sample statistics are
prone to statistical variability, which has an impact on the
indices calculated. In this study improvement in processes
is investigated and estimated in terms of sigma levels. From
acquired data, can be used different methods to determine
standard deviation, as follows:

First method (long-term view):
Standard deviation is estimated using individual data

points and is given as:

σ̂LT =

√√√√√ m∑
j

n∑
i
(Xij − X )2

(mn− 1)

Second models based on control charts (short-term):
Here we have different methods for determining standard

deviation which are σ̂R = R̄/d2(n), σ̂si = Si/C4(v); σ̂S =

S/C4 (n) σ̂wi =
1

N∑
i=1

wi

×

N∑
i=1

wiRi
d2(n)

and σ̂ hi =
1

N∑
i=1

hi

N∑
i=1

hisi
C4(n)

.

TABLE 7. Shows the PCIs obtained using various variance estimation
approaches.

Table 7 shows the current process performance data for
the density, octane and vapor pressure characteristics. The
reported results are based on estimation of traditional capabil-
ity process indicesCp andCpk . It can be seen that the oil gaso-
line refinery’s process performance for the density, octane
and vapor pressure characteristics don’t meet the predefined
standards. This conclusion is based on the values of Cp and
Cpk in Table 3 For example, the long-term value of Cp are
0.464, 0.27 and 0.58 which are less than 1. The value of Cpk ,
which is smaller than 1 for all estimations, is consistent with
this. In addition, sigma level for density, octane and vapor
pressure characteristics can be obtained using the relationship
between process capability and level sigma as the following:

For density Lσ = 3 × Cp = 1.09 × 3 = 3.27,Lσ =
3 × Cp = 0.46 × 3 = 1.40, for octane Lσ = 3 × Cp =
0.96× 3 = 2.88, Lσ = 3× Cp = 0.27× 3 = 0.81
For Vapor Lσ = 3 × Cp = 1.58 × 3 = 4.74Lσ = 3 ×

Cp = 0.58× 3 = 1.74.
Overall, the sigma level varies between 1.59 and 3.20

for density, also the sigma level for octane number varies
between 0.81 and 2.88 and the sigma level for vapor varies
between 1.7 and 4.74. Based on previous equations, the sigma
level used in Aden refinery oil is equal to 3.20, 2.88 and
4.74 for density, octane and vapor respectively. It’s also
worth noting that the estimated by traditional indexes are
done collected for gasoline characteristics, use the Spk index
the results 1.78, 1.03 and 0.77, for vapor pressures, density,
and octane number respectively. For evaluation of total yield
process performance at Yemen’s Aden oil we use the TSpk ,
STsp andMSpk indexes [54], [56]–[59]. The results are (0.7114,
0.72 and 0.734). Table 8 shows the guide to interpreting the
contribution of the capability and yield process based on the
traditional indexes. From the above, it can be said that the use
of traditional indicators shows that the sigma level in Aden
refineries is less than 3 sigma, where the values of capability
indices less than 1.

Based on the results described earlier, the following has
been highlighted both in practice and in theory. In theory,
the traditional indexes can measure process yield with respect
to specification limits and cannot measure potential or shift
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TABLE 8. Spk interpretive guide for traditional indexes CPIs.

thus the traditional indexes lack effective and sufficient to
measure the process performance based on Six Sigma idea
and information control charts, also traditional indexes do not
have an index to measure yield process withe considered the
comprehensive to all different probable configurations under
the probability density curve and tolerance limits. In practice,
the traditional indexes lack effective and sufficient imple-
mentation of measure potential or shift the mean of the
target in process control, yield process.This has necessitated
the expansion of the research to include new performance
indicators based on the Six Sigma concept for evaluating
univariate and multivariate product quality attributes. As a
result, can be the users, professional engineers, and statistical
data analysts who are interested in assessing and enhancing
the performance of industrial processes will benefit from this
research. This study practically can be used as a guide to
measure and evaluate the performance of yemen’s oil refinery
process in order to comply with quality specifications and
international standards for petroleum products, resulting in
high-quality and environmentally friendly petroleum prod-
ucts through implementation as follows:

3) SIX SIGMA EVALUATION FOR PROCESS EFFICIENCY OF
ADEN’S OIL REFINERY
By evaluation and measurement process efficiency of Aden’s
oil refinery, Yemen based on six sigma idea there are vari-
ances in the rate of SSY between characteristics because the
difference of level sigma, for each characteristics and the
degree shift the mean of the target at every characteristics
the summarized for parameters of that in Table (9), also
the industrial process level assessment chart suggested by
(Chen & Chang, 2017) can be used as shown in Figure (2).
As well as the summarized for different ways (1, 2, 3, and 4)
to estimate the process yield in Table 10.

The process yield index SSSpk calculated for the vapor
pressure, density and octane number, using Eqs (20 to 23)
based on Six Sigma concept with TL and information control
charts the summarized for that in Table (11). In addition,
we hypothetical that the satisfactory quality level of each
characteristic petroleum for the three attributes vapor pres-
sure, density and octane number must meet the 4σ level
particular by Aden oil refinery. We used (µ̂f ′/d)i and
(σ̂ST /d)i estimation by control chart info as a standard in
the assessment of quality level to ensure quality assurance
and improve assessment reliability. Use figure 2 chart sug-
gested by (Chen & Chang, 2017) the outcomes for each

characteristic. Figure 2 shows that point 3σ is located within
zone 3σ . This means that the sprocket process efficiency
associated with octane number characteristic number 3 does
not fulfil the purchasing user’s needs. Inadequate process
precision (excessive process variance) is the root cause of
the octane number characteristic’s inability to deliver the
4σ level. The underlying explanation for the characteristic
3 is insufficient process accuracy (immoderate process mean
shift). The Aden oil refinery’s respective factors are both
inadequate process reliability and inadequate process preci-
sion. The management of the Aden oil refinery should devise
steps to improve process efficiency. Experts with extensive
experience can help improve process accuracy by reducing
the incidence of incorrect characteristic parameter settings,
improving staff training and selection processes to avoid
unnecessary processing, and reviewing laboratory work. Pro-
cedures and establishing standard operating procedures to
prevent inappropriate operation. For the purpose of improv-
ing the process accuracy of insufficient processes.

The principle of interchangeability, which focuses on inter-
changeability over four different types of estimation, is where
tolerance analysis evolved. A multivariate process is a set of
different attributes with a correlation structure that simultane-
ously influence the performance of the process. By Consider
three quality attributes provided by the process performance
at Yemen’s Aden oil refinery, density, octane, and vapor
pressure. To demonstrate the application of the (SSMSpk )
multivariate total yield index and (SSTY) total yield pro-
cess by used the Eq 33 for that. For the third case (3)
of estimation, which is based on potential yield and actual
yield, with assumptions the tolerance limits equal 12 the SSY

FIGURE 2. Chart for evaluating process performance.
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TABLE 9. Quality characteristics of the process (µ̂f ′/d )i and (µ̂f ′/d )i .

TABLE 10. Process yield for density, octane number and vapor pressure by analysis tolerance and SS.

TABLE 11. SSSpk process yield indices estimation.

results for, vapor pressure, density and octane number are,
0.999988946, 0.998331772, and 0.980053184 respectively.
It can be shown that the cases 1 and 3 have different ways
estimations but the result is same, also can see the vapor
pressure characteristic yielded the highest percentage of SSY,
while the octane number characteristic yielded the lowest.
For the fourth case (4), which is based on estimation by
control chart info as a standard in the assessment of quality
level. To ensure quality assurance and improve assessment
within the tolerance interval based on Six Sigma. The yields
SSY for Vapor pressure, density, and octane number, are
0.998915699, 0.986003458 and 0.999990 respectively.

Meanwhile, Table 11 shows the results of the performance
index for petroleum characteristics, vapor pressures, density,
and octane number, which are divided into four separate
estimation cases: For the first case, (1) and third case (3) the
SSSpk yields index values have same result which are 1.465,
1.044 and 0.778 for, vapor pressure, density and octane num-
ber, respectively. For the second (2) and four cases, (4) it’s

have same result, the maximum value of SSSpk yield was
got for the vapor characteristic by value index is 1.474. The
density characteristic had the second highest percentage of
SSSpk with 1.047, and the octane number characteristic had
the lowest SSSpk With, 0.819 value. When the SSSpk value
is 1.5, the third and fourth cases the process with the highest
yield value. As a result, if the SSSpk is 1.5, the yield percent is
0.999996 and the sigma level is 6. Table 9, provide a guide to
view the yield process index output based on the calculated
cases. Estimation outperforms because the yield index value
SSSpk is1.1474, which is close to 1.5.

Apart from that, the yield process SSY and SSSpk yield
indices have a one-to-one relationship in the four cases of
yield calculation, as shown in the above discussion and
analysis.

For the comparison of process efficiency indices, It’s can
be see the result come by the estimated traditional indexes
are shows at Table 13 also the result come by the estimated
new indices based on six sigma and info control chart indices

VOLUME 9, 2021 134017



M. M. A. Almazah et al.: Comparative Analysis Four Different Ways of Calculating Yield Index SSSpk

TABLE 12. SSSpk interpretive guide for all analysis cases in the study.

TABLE 13. Shows the results of a comparison of process efficiency indices.

are shown in Table 13. According to the explanatory guide
interpreting the contribution of the yield index based on the
traditional index, is clear as shows in Table (8). As well as the
explanatory guide interpreting the contribution of the yield
index based on the estimated new indices based on six sigma
and info control chart indices is clear as shows in Table (12).
the suggested SSSpk and SSMSpk indexes produces better
outcomes than the indexes Spk , TSpk STsp and MSpk as shows
at Table 13. that the proposed indexes outperformed the
conventional traditional indexes in four separate estimation
cases for the three attributes octane number, density, vapor
pressure and overall yield process. Thus, the level sigma are
improve that the proposed statistical approach leads to ensure
that the industrial process is capable of producing products
according to the specification limits, improving industrial
processes performance, and reducing variations and defects.
Also, this study contributes to the existing literature by pro-
viding comprehensive theoretical knowledge for developing
and extending new process capability indices based on Six
Sigma. In addition, this study considers the shift the mean
of the target process, and the use of levels 4σ , 5σ , 6σ to
the amount of improvement the current process performance
required to produce a capable process, to reduce defects and
variations.

The results of the all-scenario cases in this paper, the
first- and third-ways estimators for yield process which is
determined based on the level of sigma at a super process
capacity that is equal on the right, 6 sigma, and on the
left, 6 sigma. And the second and fourth ways estimators
for yield process which is determined based on the level of
sigma at a super process capacity that is equal on the right,
4.5 sigma, and on the left, 4.5 sigma consider shift the mean
of the target in the process are the best estimating to overall

yield process index and evaluation process performance. The
overall yield process SSTY for gasoline characteristics and
the multivariate index yield SSMSpk are collected by using
Eq (40). The results revealed for that where the total yield
SSTY is 0.989503204 and the total yield index SSMSpk is
0.76859. That mean the level of proses in Aden oil refinery
by evolution three gasoline characteristics vapor, density and
octane is less then 4 sigma. For the comparison ofmultivariate
yield indexes according to by (Chen et al. 2003; Pearn &
Cheng, 2006; and Wang 2010) the indexes of overall method
yield are 0.71,0.72 and 0.7314 (less than one) and its follow
the guide indexes CPIs, as show in table (5). The overall
process yield SSMSpk is 0.76. The proposed yield indexes
are significant for measuring the yield process and provided
superior results when compared to its counterpart indices in
previous studies such as Cp, Cpk , Spk TSpk STsp and MSpk . The
all cases, in particular, provide a specific understanding of the
yield process index results using 1.5 sigma. The estimation
cases supply clarification of the yield index process results
based on control charts information. Thus, based on all cases
scenario cases of estimating SSSMpk , the index SSMSpk can
be used to assess process capability in general as follows:
If the SSMSpk is less than < 0.6, the process is incapable
capable, if the 0.6 ≤ SSMSpk < 1. The process is marginally,
if the 1 ≤ SSMSpk < 1.33 process is satisfactory if 1.33 ≤
SSMSpk < 1.5 the process is outstanding, and if the SSMSpk
is greater than 1.5, if the SSMSpk ≥ 1.5 the process is super.

VI. CONCLUSION
Calculating the variance of the process in terms of the idea
of Six Sigma is critical to quality (CTQ). There is also a
need to use the constants in the control chart to estimate the
yield process indicators according to the idea of six sigma.
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This is the main objective that was achieved in this study
by comparative analysis to four different ways of calculat-
ing yield index SSSpk based on six sigma idea, and control
chart information, to measuring the process performance
in an industrial case study is presented in order to assess
the production processes of Aden’s Oil Refinery, Yemen.,
to illustrate the applicability of this approach using density,
octane number, and vapor pressure properties of petrol. The
findings of this study the estimated yield index by the four
separate estimation scenarios as shown in Table 11. If the
process distribution is centred at the mean value, the first
case (1) is focused on the potential yield estimation, mean
equals the target that expresses for possible of generating
products within the sensitivity interval based on Six Sigma.
The second case of estimation, the process yield was deter-
mined using the level sigma and assume a shift the mean
process of the target fixed value is 1.5 for collected the index
SSCpk and then use it to estimations the process yield. For
the third case (3) of estimation, which is based on potential
yield and actual yield, with idea of six sigma the tolerance
limits equals 12. It is a generalized equation to comprehensive
for all possible cases under the probability density curve as
shown in Table (1). For the fourth case (4), which is based
on level sigma and estimation the different ratio of a change
in the mean process from the target. It can be summary the
cases 1 and 3 have different ways estimations but the result is
same, also the cases 2 and 4 have different ways estimations
but the result is same. The second and fourth cases of esti-
mation are better than the first and third case of estimation,
as shown for the SSY results in Table 10 and Table 11 for
the SSSpk results. The results revealed for that where the
total yield SSTY is 0.989503204 and the total yield index
SSMSpk is 0.76859. That mean the level of proses in Aden
oil refinery by evolution three gasoline characteristics vapor,
density and octane is less then 4 sigma. For the comparison
of multivariate yield indexes according to traditional indexes
and new indexes the advantage for traditional indexes Spk
TSpk STsp and MSpk . can measure process yield with respect
to specification limits but the disadvantage for traditional
indexes cannot measure potential or shift in mean. While in
this article, we have different ways of estimating those indi-
cators and making it have measure potential or shift in mean
with using a comprehensive approach under the probability
density function, demonstrating an extensive analysis for the
actual and potential process yield. The result for traditional
indexes of overall process yield are 0.71, 0.72 and 0.73 are
(less than one) and its follow the interpretive guide indexes
CPIs, as show in table (8). And the overall process yield
new index SSMSpk is 0.76 with follow the interpretive guide
indexes as shown in table 12.

The proposed yield indexes are significant for measuring
the yield process and provided superior results when com-
pared to its counterpart indices in previous studies such as
Spk TSpk STsp and MSpk . The all cases, in particular, pro-
vide a specific understanding of the yield process index
results using 1.5 sigma. The all cases, in particular, provide

a specific understanding of the yield process index results
using 1.5 sigma. The estimation cases supply clarification
of the yield index process results based on control charts
information. Thus, based on all cases scenario cases of esti-
mating SSSMpk , the index SSMSpk can be used to assess
process capability in general as follows: If the SSMSpk is less
than < 0.6, the process is incapable capable, if the 0.6 ≤
SSMSpk < 1. The process is marginally, if the 1≤ SSMSpk <
1.33 process is satisfactory if 1.33 ≤ SSMSpk < 1.5 the
process is outstanding, and if the SSMSpk is greater than 1.5,
if the SSMSpk ≥ 1.5 the process is super. This research
provided a novel approach based on the Six Sigma idea and
information control Xbar-s chart, to improve and measure
process performance in industries. This study has important
implications for industrial practitioners, researchers and qual-
ity control experts interested in the evaluation of process per-
formance. especially in the oil field at a developing country
such as Yemen, where the Aden’s Oil Refinery, Yemen is still
dependent on the laboratory examination to assess petroleum
characteristics. Finally, the proposed PCIs based on the SS
definition are a promising methodology that can be expanded
and/or used by other industries and practitioners to evaluate
process efficiency in terms of precision and quality control.
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