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Abstract: One of the most practical methods of monitoring and controlling project
performance is earned value management. The widespread use of this method in many
projects leads to the production of multiple indicators with mutual influence, This
important feature makes their individual analysis with errors. In this method, not only the
mutual influence of the indicators is not paid attention to, but also the lack of attention to
the monitoring of the variability of the indicators has caused this method to monitor the
project based on the criterion of indexability. In this research, using multivariable control
charts, we have simultaneously checked the performance indicators of a gas supply
project based on real data. After analyzing the obtained results, we have compared the
performance of Hotelling and (MEWMA) charts with each other. After comparison, it
was found that MEWMA chart has more capability and sensitivity than Hotelling chart in
identifying changes in multivariate processes.

Keywords: earned value management, Project monitoring, Hotelling diagram, MEWMA
1-Aim and Intriduction

A project is a temporary effort that has uncertainty due to the uniqueness of the project
product and its non-repetition. One of the most important goals of the project
management team is to be able to finish the project according to the budget, schedule and
covering the entire work scope. Therefore, in a project, these factors must be continuously
controlled [4]. Today, the importance and necessity of using a comprehensive system of
project planning and control has been fully revealed in many organizations, And various
methods have been invented for planning and displaying activities. When the time to
perform the activities in the project is certain, the CPM critical path method is a useful
tool in managing such projects, But in many situations, the execution time of the activities
cannot be presented in the form of definite numbers. Therefore, tools that can deal with
such issues will be very effective, which is one of the most important methods used to
solve the mentioned problem, this evaluation and revision of the project is the Pert
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method [3]. The existence of uncertainty and possible foundations, both in the field of
possible times and in the discussions related to the existence of branches and possible
activities, adds to the attractiveness of project management and control issues. With the
application of network analysis in the design and control of projects since the 1950s and
the development of network models such as CPM and PERT, it was gradually revealed
that the limited possibilities of the aforementioned methods in modeling projects that
have complex networks, a problem in planning this projects. For this reason, some
researchers have been looking for a more generalized tool in network analysis that has a
higher adaptability than these methods and invented and developed the GERT method [1],
The efficiency and special capabilities of this method have been proven to simulate, plan,
schedule and analyze projects in multiple systems in different industries. Also, today,
earned value management is used as a method to integrate the three dimensions of time,
cost and scope, in line with objective measurement, analysis and control of project
performance[5]. One of the problems that the earned value management method has is
that it calculates the schedule performance index (SPI) of the project using the
components of planned value (PV) and earned value (EV), that these components are
considered financial and do not have a time dimension And this is the weakness of this
method. On the other hand, we generally know that as we get closer to the end of the
project, the amount of work we have done so far will approach the amount of work we
have planned for the entire project. In simpler words, at the end of the project, due to the
completion of all the scheduled works, the acquired value becomes equivalent to the
cumulative program value. Therefore, at the end of the project, as the actual progress
approaches the planned progress, the project schedule performance index will approach
one, which means that the project is progressing according to the schedule, If the actual
performance of the project may be less than one or more than one in terms of schedule,
Therefore, we need an index that has a reliable behavior throughout the project and
accurately shows the performance of the project in terms of time. In order to solve these
problems, Lipke proposed a method called Earned Scheduling (ES), which solved the
weakness of the earned value method. In this method, taking into account the acquired
time, which is the developed version of the planned value and the acquired value, the
performance index of the project schedule is calculated according to the time unit. But
since both methods of earned value management and earned timing calculate more than
one index to evaluate the performance of the project process, while these indices are not
independent and have correlation, it is necessary that these indices be calculated together.
Time will follow. In the statistical quality control literature, various methods have been
introduced to control multivariate processes. Among the methods that are used to monitor
multiple variables at the same time are the famous multivariable charts; Hotelling (T2)
and Multivariate Weighted Exponential Moving Average (MEWMA). Considering that in
project control methods, the mutual influence of control indicators is not checked, and the
changeability of this indicator is not controlled and monitored either. This research aims
to monitor the variability of important indicators in project control by considering the
mutual influence of the two proposed control charts, This method helps project managers
to understand how well the project is performing under the influence of natural changes
by controlling variability. In this research, in order to compare Hotelling's multivariate
graphs and exponential moving average, the gas supply pipeline inspection project which
was planned for 19 months and with a budget of 400,000 currency units is examined. The
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results of this case study show that the method proposed in this article can be useful and
effective in the functional control of projects.

2-Methodology

This research is collected and analyzed quantitatively in terms of the practical purpose
and in terms of the research implementation process. The data was collected from the
weld inspection (radiography) conducted by a contractor company from the 8-inch gas
pipeline at a distance of 35 kilometers in Fars province, between the city of Kovar and the
village of Bavarian. In this research, data analysis is done using the combined method of
obtained timing and multivariate statistical quality control charts of Hotelling and
MEWMA with the help of Excel and Minitab software. After collecting the required data,
SPI (t) and CPI index are calculated first, then they are analyzed using Hotelling and
MEWMA multivariate statistical quality control charts and finally the results are
compared with each other.

3-Findings

After collecting information about planned value (PV), earned value (EV) and actual cost
(AC) for 20 one-month time periods, project cost performance indicators (CPI), project
schedule performance index (SPI) and project scheduling performance index based on
time (SPI (1)) was calculated, that in the 20th period, the SPI is equal to one and does not
show any delay in the schedule, while the SPI (t) is equal to 0.95 and indicates that this
project is 5% of the The schedule has been delayed. In this research, it is necessary to
examine the data for normality. , since the P-Value for SPI (t) is equal to 0.02 and is
smaller than the error value of 0.05, The assumption of normality of SPI (t) data is
rejected, therefore, Box-Cox transformation test is used to normalize them. The value of
P-value for CPI values is equal to +,*YV, which is greater than the error value of +,+2, so
the assumption of normality of CPI data is accepted.

Probability Plot of SPI(t), CPI Box-Cox Plot of SPI(t)
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Figurel: Normal probability plot Figure2: Box-Cox transformation plot for SPI(t)

After checking the normality of the data, we checked their correlation using the Pearson
test. Since the value of P-Value is greater than the error value of 0.05, therefore, the
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assumption of correlation between SPI (t) and CPI index is accepted, Also, the correlation
between them shows a value of 0.794, which indicates a strong correlation between these
two indicators.

After the correlation between the two investigated indicators was confirmed, we
examined whether the project is under control using a multivariable chart. According to
Figure 3, the results obtained from the Hotelling chart indicate that the project is under
control.

In the MEWMA multivariate exponentially weighted moving average chart, if we
consider the value of R (weight matrix) to be equal to | (one matrix), then the Hotelling
chart is equivalent to the MEWMA chart And these two charts can be compared with
each other. Figure ¢ shows the MEWMA chart in a state where the detection capability is
equal to one. According to Figure ¢, the MEWMA values for samples A, Y+ and Y+ are
higher than the control limits, so it can be concluded that the project is out of control
using the MEWMA diagram. Also, in this multivariable control chart, even though all the
points are within the range of UCL and LCL counters, there are 4 points consecutively on
one side of the center line, which is one of the abnormal conditions in the control charts
that lead to out It comes from controlling the process.

Tsquared Chart of CPI, SPI(t) Normal Multivariate EWMA Chart of SPI(t) Normal, CPI
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Figure3: Hotelling chart Figure4: MEWMA chart with the ability to detect one
4-Discussion and Conclusion

The existing methods of project control not only do not take into account the mutual
effect of project performance evaluation indicators, but also do not monitor the variability
of those indicators. Monitoring the variability of indicators helps the project control
managers to realize that the implementation process is not affected by abnormal factors.
In this research, using the multivariable control chart method, it has been shown that
monitoring the performance indicators of a project, taking into account their mutual
influence, can help project control managers in controlling the variability of performance
indicators, and analyzing the performance of the project. In this article, two Hotelling
diagrams and a multivariate exponential weighted moving average were proposed to
monitor the status of projects. Then, the performance of the proposed methods was
investigated in a gas pipeline inspection project. The results of data analysis using the
Hotelling diagram showed that the project is under control. But the results of data analysis
using exponential moving average chart indicate that the project is out of control.
Considering that the project was planned for 19 months with a cost of 400,000 monetary
units, but in reality it was completed in 20 months with a budget of 410,000 monetary
units and it can be said that the project was out of control. Because the time and cost of
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the project exceeded the planned time and budget. Most of the out-of-control times in this
gas supply project are related to the times when the gas supply pipeline canals have
passed through villages and agricultural lands, and this (being out of control) is due to the
non-evacuation of the agricultural land owners who dug the canals. , the products of their
last crop have affected them. This has delayed the project or increased the cost to obtain
the consent of the land owners to empty the land of products, etc., and has also caused an
increase in the cost of equipment and human resources of the project at these times.
Therefore, it can be concluded that the MEWMA diagram has a better ability to detect
whether the process is under control and also has more sensitivity than the multivariable
Hotelling diagram in identifying small and medium changes in multivariable processes.
The results of checking the controllability of the project using MEWMA are in line with
the actual results. Therefore it is suggested that in project control, in addition to the
traditional methods of project control, a multi-variable chart should also be used to
monitor the variability of indicators.
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