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Abstract. Construction projects, especially tunnel projects in the Arab world, suffer from poor documentation of
data and information, and therefore there is a difficulty in estimating the budget or total costs or indicators of
earned value, and with the advancement of artificial neural networks, the urgent need arises to estimate the
earned value indicators for tunnels projects in the absence or lack of data required for the purpose of estimating
costs and durations together. Objective: The primary aim of the current study is to introduce Artificial
Intelligence (AI) in conducting statistical approach for earned value management of the tunnels projects.
Methodology: The study was based on the assurance of different variables that effect on the Earned Value
Management (EVM) of the tunnels projects that involves historical data in Iraq and Jordan. Five independent
variables were randomly selected (Actual Cost AC, Planning Value PV, Earned Value EV, Actual Duration AD
and Planning Duration PD), which were all around characterized for each tunnel project, and one dependent
variable Cost Performance Index (CPI) was selected. NEUFRAME V.5 Program was selected, which is the
premier neural network simulation environment. The methodology of ANN embraced for finding best network
architecture and inside parameters that control and monitoring the preparation procedure which did by utilizing
the default parameters of the NEUFRAME programming package. Results: The experimentation results reveal
that, Mean Absolut Percentage Error (MAPE) and Average Accuracy percentage (AA) generated by ANN model
(CPI) were found to be 9.6% and 90.368%, respectively. Therefore, the ANN model (CPL.model.1) shows a
magnificent concurrence with the real estimations.
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Annoranusi. CTpouTesbHbIe NPOEKThl, OCOOCHHO MPOEKThl TYHHEJEeW B apaOCKOM MHUpe, CTPaJalT OT IUIOXOTo
JIOKyMEHTHUPOBAHUsI JTAaHHBIX W MH(GOPMAIMU, W TIO3TOMY BO3HUKAIOT TPYIHOCTH C OLIEHKOW OOJKeTa, WM OOLIMX
3arpaT, WK ToKasaTenel 3apabdoTaHHOil crommocTH. C pa3BUTHEM HCKYCCTBEHHBIX HEHPOHHBIX CETeH CTaHOBUTCS
aKTyaJIbHOHM OIleHKa ITToKa3areneil 3apab0TaHHOW CTOMMOCTH JUIS ITPOEKTOB TOHHENEH B CBS3M C OTCYTCTBHEM WIIH
HEJIOCTaTKOM JIaHHBIX, HEOOXOAMMBIX JUIS KOMIUIEKCHOH OLEHKHM 3aTpaT M CPOKOB BBINONHEHMs padot. Llems
nccnenoBanns: OCHOBHAs LIeJIb HACTOSIIETO MCCIIEOBAHUS SIBISIETCS BHEAPEHHE MCKyccTBeHHOro mHresuiekra (M)
JUISl TIPUMEHEHHsI CTAaTUCTUYECKOTO ITOX0Ja K YMNPABICHUIO 3apa0O0TaHHON CTOMMOCTBIO IPOEKTOB CTPOUTEIHCTBA
TyHHened. Metozponorusa: B uccienoBaHuM BBINOJHEHO OOOCHOBAaHME PA3IWYHBIX TEPEMEHHBIX, BIUSIONINX Ha
ynpasieHne 3apaboranHoi cromMocThio (EVM) mpoeKkToB TyHHENeH, KOTOpble BKIIOYAIOT MCTOPUYCCKUE TaHHBIC B
Upaxe u Vopaanuu. beutn ciaydaiiHbiM 00pa3oM BBIOpaHbI IIATh HE3aBHCHMBIX NIEPEMEHHBIX ((akTHYeCKas CTOMMOCTb
AC, nanoBasi croumocts PV, 3apaborannast croumocts EV, daktudeckas npopomkuteabHocth AD 1 muianupyemas
MPOJIOIDKUTENBHOCTE PD), KOTOpble OBLIM BCECTOPOHHE OXapaKTEPU30BaHBI JIJIsl KAXKJIOTO MPOEKTa TYHHENIS, a TaKkKe
ObUTa BBHIOpaHA OJIHA 3aBUCHMAasi NepeMeHHas - uHAekc 3ddekruBHocTn 3arpar (CPI). Beuta BeiOpaHa mporpamma
NEUFRAME V.5, koTtopas siBnsercst Beaylied cpeaoil MOJeNUpOBaHUs UCKYCCTBEHHBIX HeHpoHHBIX ceTei (ANN).
Mertonomnorust ANN wucrosap30Banach Ui HOMCKA JTy4dlIel CETeBOM apXUTEKTYPhl M BHYTPEHHHX IapaMeTpOB, KOTOPbIE
KOHTPOJIUPYIOT ¥ YNpPaBJAIOT MPOLEAYpPOil MOATOTOBKM, WCIIONB3Ys TapaMeTpsl 10 yMOJYAHHWIO TIaKeTa
nporpammupoBanusi NEUFRAME. PesynbraTel. Pe3ynpraTsl SKCTIEpUMEHTOB TOKa3bIBAIOT, YTO CPEIHSIST aOCOTIOTHAS
ommbka B mpoueHTax (MAPE) u cpennuii mpouent Tounoctu (AA), morxydeHHsie ¢ momomsio Moxemn ANN (CPI),
cocraBaoT 9,6% u 90,368% coorBercTBeHHO. Takum obpazom, monens ANN (CPL.model.1) moka3siBaeT xopomiee
COBITQ/ICHNE C PEaIbHBIMU OL[CHKAMH.

KroueBble c10Ba: MPOrHO3UPOBAHNE, HCKYCCTBEHHASI HEHPOHHAS CETh, MPOEKTHI TYHHENEH,
HHACKC YPPEKTHBHOCTH 3aTpPaT.

1. INTRODUCTION

From numerous decades, earned value
management has happened to an extraordinary
significance in the space of engineering
industry. Managing the earned worth
administration subject beginnings from the
commencement of thought in the brain of the
proprietor or the engineer and proceeds for the
duration of the life of the task. Earned Value is a
notable task the executive's apparatus that
utilizes data on cost, duration and work
execution to build up the present status of the
undertaking. By methods for a couple of
straightforward rates, it permits the supervisor
to extrapolate current patterns to foresee their
presumable last impact. The technique depends
on a rearranged model of a task however end up
being valuable by and by of cost control. It is
being created to account better for schedule and
time stages [1].

There are a lot of definitions for Earned Value
Management (EVM), (Zhuo, 2005) defined
EVM as an effective method of combination
control to the scope, schedule and cost of the
project [2]. EVM is a method of project

management, which facilitates project control
and provides support in forecasting final cost
[3]. VM is an administration system for project
execution monitoring. EVM coordinates cost,
and timetable control under a similar structure,
and it gives execution changes, and records
which permit chiefs to distinguish over-
expenses and deferrals [4]. EVM can offer
many benefits to construction companies. They
include [5, 6]:

1) Accurate estimate of task culmination and
total cost.

2) Objective measurement of accomplishments
against cost and schedule,

3) Early alerts to deferrals and overruns.
4) Information about schedule and
variances during the course of the project.
5) Minimizing little changes in plan that can
turn out to be huge after some time (scope
creep) and that can lessen gainfulness.

6) Improvement in the control of contract
performance.

7) Demonstrating a competitive advantage and
improving customer goodwill.

cost
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2. RESEARCH OBJECTIVES

The primary goal of this study was, to present a

factual ~methodology for earned value
management of the construction tunnels
projects. This target can be done during

following advances:

1) An overview of EVM in engineering project
management.

2) Identify the variables' that have an effect on
the earned value management of tunnels
projects.

3) Developing a mathematically model for
earned value management using the Artificial
Neural Network technique (ANN), to predict the
Cost Performance Index (CPI) in tunnels
projects

4) Verification and approval of the scientific
model created.

5) Illation of a simply mathematical formula in
order to estimating the CPI of tunnels projects.
6) Finding the value of accuracy of the
mathematical formula, and the explained of the
value of the correlation between predicting CPI
(calculated), and CPI as actual value.

3. RESEARCH METHODOLOGY

Current methodology utilizes to accomplish the
current study objectives can be abridged as
follow advances:

1) Theoretical Survey: Theoretical survey was
made to review the development of ANN on the
EVM in project management field. The concept
of the neural networks, and concept of earned
value management, which include the review of
literatures involving references, distractions,
articles, handbooks and web-site relating to the
task of research especially that are related to the
construction projects sector.

2) Field Work Included Four Stages:

a) Preliminary stage, involves data description
and identification, which describes the factors
affecting the application of predicting the earned
value for tunnels project, It is worth noting that
the method of collecting historical data is a
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direct method through continuous field visits to
spending projects under implementation, and it
is the same method used in reference [7]

b) Secondary stage includes building of the
ANN model to estimating Cost Performance
Index (CPI).

c) Thirdly stage presents the verification and
validation of the ANN model;

d) In the final stage, conclusions are drawn for
this study and the results are discussed.

4. APPLICATION OF ARTIFICIAL
NEURAL NETWORK IN EARNED VALUE
MANAGEMENT

One of the most powerful and popular
multilayer feed forward network is trained with
back-propagation. The training of the developed
network is conducted by back-propagation
algorithm which was developed and involves
only four stages; the feed forward stage of the
input training patterns, the calculation and back-
propagation stage of the associated error, and
the adjustment stage of the weights [8].

Main aim of this study is to develop artificial
neural networks model to predict and estimate
the earned value indicators of tunnel projects in
Iraq and Jordan. To attain this, there was a
requirement to determine the factors that react
the efficiency for tunnel projects. Therefore, the
researchers in this study are attempting building
and evaluation EVM model through the
following stages:

1) Chose Software of ANN

2) Diagnostics of ANN model factors.

3) Building and evaluation of the developed
ANN models

4) Validation of the developed ANN model

4.1. Neuframe Software Applications

The reproduction of neural system on a
NEUFRAME program exhibits its hidden
numerical equations in a basic with completely
control-able structure. A few applications that
help the foundation of neural systems like
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SPSS, MATLAB and NeuroSolutions; however,
this examination was chosen NEUFRAME
Program, where NEUFRAME is the head neural
system reproduction condition. The
NEUFRAME run gives a simple to-utilize,
visual, object-situated way to deal with critical
thinking utilizing savvy advances. It gives
highlights to empower organizations to research
and apply clever innovations from introductory

applications utilizing programming segments.
NEUFRAME is an incorporated gathering of
knowledge  Technology instruments that
incorporate ANN rationale that permit putting
the intensity of artificial neural lattice to turn on
beginning of black box. Fig. 1 shows the
schematic of the NEUFRAME V.5 program
which is worked to decide the connection
between the autonomous factors (information)

experimentation through structure installed and ward factors (yield) [9].
sl
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4.2. Diagnostics of ANN Model Factors

This study embraces historical information
investigation as the establishment to this
technique. In addition, the utilization of
verifiable information helps with giving a
connection between the principle factors
influencing the earned value parameters of the
tunnels projects to make estimates for new
projects. Therefore, historical data of tunnels
projects were collected, which were done
between 2005 and 2017 in Ministry of
Housing and construction in Kurdistan of Iraq,
with Amman Municipality in Jordan, as
shown in Fig. 2.

54

Figure 2. Tunnel Project in Amman
(Researcher)

Six factors were painstakingly chosen and were
all around characterized for each tunnel project.
These illustrative factors can be ordered into
two sorts: dependent and independent factors.

1) Dependent variables (factors): Cost
Performance Index (CPI) is defined as the
dependent factor and each individual tunnel
project is used as the basic unit of the surveillance.
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2) Independent variables (factors):  After
building up the reliant factors which are to be
anticipated by neural system model, it was
important to create autonomous factors to
clarify any variety in project cost. Only five
variables were adopted in this study as
independent variables as follows:

a) F1: AC, Actual Cost.

b) F2: EV, Earned Value.

¢) F3: PV, Planning Value,

d) F4: AD, Actual Duration.

e) F5: PD, Planning Duration,

4.3. Development of CPI-ANN Model

Neural Network (NN) models should be in an
efficient way to improve its presentation. Such
strategy needs address main considerations, for
example, advancement of model inputs,
information and data division and pre-handling,
improvement of model design (architecture), model
enhancement (training and preparing), halting
standards, and model approval (validation). An
organized procedure for building up the model has
been utilized to tackle the current issue. This
methodology fuses four principle stages:

a) Inputs and output Model

b) data division and pre-handling

c¢) Architecture of ANN Model

d) Equation of ANNs Model

4.3.1. Development of Model Inputs and
Outputs

The determination of model info factors that have
the most noteworthy effect on the model
execution is a significant advance in creating
ANN models. Introducing as enormous number of
info factors as conceivable to ANN models for the
most part builds the system size, bringing about a
decline in preparing speed, and a decrease in the
effectiveness of the system. Various strategies
have been proposed to help the determination of
info factors, for example, Method of prior
knowledge: in view of earlier information, the
suitable information factors can be chosen. This
Methodology is basically used for the field of
undertaking the board, and is received in this

Volume 18, Issue 1, 2022

examination. As a primer stage to neural system
displaying, the current issue needs to distinguish
and label the information as info or as yield.
NEUFRAME v.4 gives Microsoft Excel sheet,
which is utilized through this progression. The
independent factors influencing the issue are
recognized and considered as (N) input
parameters, which are spoken to by hubs at the
info cushion of a neural system. The output of the
model is Cost Performance Index (CPI).

4.3.2. Data and Information Division
Information and data pre-preparing is significant
for utilizing ANN efficacious. It figures out
what data is introduced to make the model
during the preparation phase [10, 11]. In this
way, the following stage in the advancement of
ANN models is separating the accessible raw-
data into three subsets, training, testing and
validation sets. Learning was performed on the
preparation set, which utilized for evaluating the
loads while the cross-approval set was utilized
for speculation that is to create best model for
concealed models. In any case, the test set is
utilized for estimating the speculation capacity
of the system and assessed arranges execution.
The complete accessible information is 45
tunnel projects that are isolated arbitrarily into
three sets with the accompanying proportion:

a) Training set: includes (30) projects equal to
(67%).

b) Testing set: includes (10) projects equal to
(22%).

c) Validation set: includes (5) projects equal to
(11%).

4.3.3. Model Architecture

One of the most significant and hard errands in the
improvement of ANN models into decide the
model engineering. For the most part, there is no
immediate and exact method for deciding the
most suitable number of neurons to remember for
each concealed layer, and this issue turns out to be
increasingly confounded as the quantity of
shrouded layers in the system increments. Since
ANN has one hidden layer can rough any
persistent  capacity, giving that adequate
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connection weights are utilize. Only one hidden
layer was used to build CPI model. The
methodology embraced for finding the ideal ANN
design and interior parameters that mentoring the
preparation procedure that were completed by
utilizing the default parameters of the
NEUFRAME package with one hidden layer and
one hidden node. Also, a learning rate is (0.30),
also, momentum term is (0.90), and hidden layer
had sigmoid transfer functions and output layer
had sigmoid transfer functions. Results were
summarized in Table 1 for the CPI model.

Table 1: Effect of Parameters on ANN

4.3.4. Equation of CPI Model

The modest number of comradeship
(connection) weights got by NEUFRAME for
the ideal ANNs model (CPI model) empowers
the system to be converted into relative
straightforward equation. To exhibit this, the
structure of ANNs model as appeared in Fig. 3,
while connection weights and limit plane (bais)
are condensed in Table 2.

Performance
ANN Model for CPI
Nodes Learning Rate Momentum
term
1 0.3 0.9
Transfer functions [emee ] [[asentam ] o ol
Hidden layers Output layers
Sigmoid Sigmoid Figure 3. Architecture of the CPI Model
Error of | Error of | Correlation (Researcher)
Error % | Training | Testing | Coefficient
4.50 5.40 0.88
Table 2. Weight and Bais in ANN Optimal
weight from nodes input layer to nodes in hidden layer
Wi=1 Wo=2 W3=3 Wi=4 Ws=5 We=6
2.88 2.55 0.77 1.88 0.66 2.44
Hidden layer threshold ©; Output layer threshold ©;
1.44 2.33

Utilization the association weight with Baises as
in Table (2), calculate CPI can be expressed as
follow equation:

CPI = {1/[1+e(2.33+2.44 tanh (x))]+0.81} (1)

Where:

X =[1300 + (2.88*AC) + (2.55*PV) +
(0.77¥EV) + (1.88*AD) +
(0.66*PD)] )

A numerical model is given to more readily
clarify the execution of the recipe. The
condition was tried against the information
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utilized in the CPI model preparing, data and
information as in below:

AC=125,898,722 $

EV=25,555,077$

PV=122,365,353 §
AD=275 day
PD= 310 day

The estimated value using equation (1) was
(0.854), compares well with actual wvalue
(measured value), (CPI=0.961). The difference
is very little; this shows the strength of the
predicted neural network developed in this
research, as will be seen in the next section.

4.3.5. Validation of the Developed CPI-ANN
Model

The synopsis of registering Cost Performance
Index (CPI) by ANN for confirmation of
assessing models is appeared in the following
Table 3. Where section (2) presents actual Cost

decent concurrence with the genuine estimations, as
shown in Fig. 4. Where, Y-axes represent Actual
CPI, X-axes represent Estimated CPI.

1,5
R?=0,0645
e 7t
=
0,5
r T T T T O
1,05 1 0,95 0,9 0,85 0,8

Figure 4. Comparison of Predicted and
Observed CPI for Validation Data

The description of five (5) observations of
tunnels projects (variables) was shown in

Table 4.

Table 3. Validation of the developed ANN

Performance Index that has been gotten from : model
tunnels projects under development in Iraq, and Projects | Actual CPI Estimate CPI by
section (3) speaks to assess Cost Performance ANN
Index subsequent to applying ANN condition on 1 0.96 0.98
them, where ANN condition is acquired by 5 0.78 0.85
NEUFRAME V 4, and the correlation between 3 0.90 10
the actual and estimated Cost Performance ¥ _
Index is appeared. 4 0.97 0.84
Correlation coefficient through columns (Actual CPI 5 0.89 0.97
and measure CPI by ANN is 75.0%), in this way it
very well may be presumed that this model shows a
Table 4. Verification for CPI Model.
Project. AC PV EV AD PD CPI
1 21,889,822 20,567,354 21,556,078 395 355 0.98
2 98,511,540 105,978,004 87,977,501 360 495 0.85
3 18,889,197 15,281,994 17,280,998 405 405 1.0
4 23,299,665 25,112,254 25,781,671 370 495 0.84
5 28,622,733 29,660,594 27,779,457 355 315 0.97

In this way it very well may be presumed that
this model shows a decent concurrence with the
genuine estimations.

Volume 18, Issue 1, 2022

a) Mean Absolute Percentage Error (MAPE):
According to (Aidan et al, 2020) and (Jasim et
al, 2020) error of mean absolute percentage is
designate by the next equation [12, 13]:
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MAPE= {31, “E* 100% W} (3)

Table 5. Mean Absolute Percentage Error

(MAPE)
Projects Estimate MAPE%
Actual
CPL CPI by
ANN
1 0.96 0.98 18.68
2 0.78 0.85 5.46
3 0.90 1.0 6.60
4 0.97 0.84 6.54
5 0.89 0.97 10.88
MAPE% 48.16/5=9.6

b) Average Accuracy (AA %):

According to (Zamim et al, 2019) and (Jaber et al,
2020) Average Accuracy performance is defined
as (100-MAPE) %. Average Accuracy (AA) can
be designate by the next equation [14, 15, 16]:

AA %=100-MAPE% = 100-9.6 = 90.368% (4)

Discussion the results in current study are
specified in Table (6). MAPE % and average AA
% created by ANN model (CPI) were originated
to be 9.6% and 90.368% respectively. Therefore,
it can be summarized that CPI-ANN model shows
an excellent agree within the raw data.

Table 6. Conclusion of the Comparative
Study

Details CPI- ANN model
MAPE 9.6%
AA 90.368%
R 0.75
R? 0.5625

5. CONCLUSIONS

Earned Value is exceptionally amazing asset to
assessment execution for tunnels projects.. There
is shortcoming in chronicling information and

records in development and construction sector
for Iraqi and Jordan. Methodology is primarily
relied upon the assurance of different components
that influence the EVM of the tunnels projects
extends that includes historical information. In
addition, five independent factors were arbitrarily
chosen which were very much characterized for
individual construction tunnel project and one
only depended variable (CPI) was chosen.
Information gathered was examined and the
exploration issue recognized. In this manner,
supervised learning algorithm was utilized for
preparing the ANN. This relies upon the back-
propagation algorithm, which is a kind of
supervised learning algorithms that generally
utilized in project management. The data was
divided randomly into three sets: training set,
testing set and cross validation set according to
these percentage 67 %, 22 % and 11 %
respectively for model (CPI). ANN technique was
used to find the optimum model, which included
one only hidden layer together, one only neuron
with sigmoid transfer function, also, the output
neuron had a sigmoid transfer function. Accuracy
performances of the optimum model are 90.368%
and Mean Absolute Percentage Error (MAPE)
9.6%. This study recommends the necessity of
adopting artificial neural networks in estimating
earned value in construction projects in general
and tunnel projects in particular, as they are
considered an important, simple and accurate
method in planning and cost control work.
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