FORMULATION OF BUSINESS INTELLIGENCE BASED ON MACHINE
LEARNING AND LEAN CONSTRUCTION FOR PROJECT CONTROL
AT PT ROYAL PROJECT MANAGEMENT

SKRIPSI

Submitted By:
DIMAS RENANDRA AKBAR

22012010142/FEB/EM

FACULTY OF ECONOMICS AND BUSINESS

UNIVERSITAS PEMBANGUNAN NASIONAL “VETERAN”

JAWA TIMUR

2026



\ ( \ ‘ ¢ ) \ ‘ ( y ) (.
: Il i\ i | | \ \ ol | ' ’ \ < Jf \
EGE I Il \ J Il \ / 1./ g/ \
A f / 3, f/f [ \ , ol

FORMULATION BUSINESS INTELLIGENCE BASED MACHINE LEARNING
= AND LEAN CONSTRUCTION FOR PROJECT CONTROL
AT PT ROYAL PROJECT MANAGEMENT -

( V) N L)) ( 4 L")

\ re ) ol \ RO | (| SR ( A I
f | «ff W\ o i f L3 fl I\ % ]

/] \ //

Diajukan Untuk Memenuhi Sebagian Persyaratan

Dalam Mem[i‘erotéﬁ,Gelaﬁ Sarjana Manajemen

e

. F \l
| \\ &
\
b
= “
/ D \
/4 \
(( Y V)
1|\ ! :
1 ."' 1%
\ {f { \
\ 1/ / \
{/ bl > g/ W\
/ ,//

\ B ’ \ . //// N g et A
A \ wa o N »;‘ A/ ‘\5:;\_.,___,..:“-,"
—— “DIMAS RENANDRA AKBAR T

P ,—5\\.\:\~ N
//':“GUNAM Ao R
., o

N

FAKULTAS EKONOMI DAN BISNIS

; @"ﬂu%‘
 NASIONAL“VE



SKRIPSI

- FORMULATION BUSINESS INTELLIGENCE BASED MACHINE LEARNING
5 AND LEAN CONSTRUCTION FOR PROJECT CONTROL

AT PT ROYAL PROJECT MANAGEMENT

\ , Disusun Oleh : ; A~
A ‘ DIMAS RENANDRA AKBAR . - /A TN
g 22012010142 / FEB / EM v 2
gt - Telah Dipertahankan Dihadapan - -/ T
Dan Diterima Oleh Tim Penguji Sknps1 ~
Program Studi Manajemen Fakultas Ekonomi dan Bisnis - N Y ey
Universitas Pembangunan Nasional “Veteran” Jawa Timur /
Pada Tanggal: 30 Juni 2026 o s ) YR |

R \ T e

S -

Dosen Pembimbing N Tim Penguji N

iy % Rizky Dermawan, S E, M M
.. NIPPPK. 1969011320"1212003 NIP 19‘7210042001121001

\ "ii»r_g;w ¢ ,/ ot '+‘K/
AN DI

I
% !
I
; f
Y =
/ =g

Mengetahui
Dekan Fakultas Ekonomi dan Bisnis

Dr. Dra. ¢, Tri Kartika Pertiwi, M.Si, CRP
Wis . NIP. 196304201991032001
= B HEREY)

i

’Ji




SURAT PERNYATAAN BEBAS PLAGIASI

Saya yang bertanda tangan dibawah ini :

Nama : Dimas Renandra Akbar
NPM 22012010142

Program : Sarjana(S1)

Program Studi : Manajemen

Fakultas : Ekonomi dan Bisnis

Menyatakan bahwa dalam dokumen ilmiah Tugas Akhir/Skripsi/Tesis/Disertasi* ini tidak terdapat
bagian dari karya ilmiah lain yang telah diajukan untuk memperoleh gelar akademik di suatu
lembaga Pendidikan Tinggi, dan juga tidak terdapat karya atau pendapat yang pernah ditulis atau

diterbitkan oleh orang/lembaga lain, kecuali yang secara tertulis disitasi dalam dokumen ini dan
disebutkan secara lengkap dalam daftar pustaka.

Dan saya menyatakan bahwa dokumen ilmiah ini bebas dari unsur-unsur plagiasi. Apabila
dikemudian hari ditemulan indikasi plagiat pada Skripsi/Tesis/Desertasi ini, saya bersedia menerima
sanksi sesuai dengan peraturan perundang-undangan yang berlaku.

Demikian surat pernyataan ini saya buat dengan sesungguhnya tanpa ada paksaan dari siapapun juga dan
untuk dipergunakan sebagaimana mestinya.

,
(4
Surabaya, é ............................

Yang Membuat pernyataan

[{B1750ANX427988676

Dimas Renandra’Akbar
NPM. 22012010142



FOREWORD

In the name of Allah, the Most Gracious, the Most Merciful, Peace be upon
you. The author expresses gratitude to the Almighty God for all His blessings and
grace, which have enabled the author to complete the thesis proposal titled
“Formulation of Machine Learning-Based Business Intelligence and Lean
Construction for Project Control at PT Royal Project Management” well and
on time. This thesis proposal is prepared as one of the requirements to complete the
education in the Management Study Program of the Faculty of Economics and
Business at the Universitas Pembangunan Nasional Veteran Jawa Timur.

In the process of preparing this thesis proposal, the author realizes that success is
inseparable from the assistance, guidance, and support from various parties.
Therefore, on this occasion, the author would like to express the deepest gratitude
to:
1. Mr. Prof. Dr. Ir. Akhmad Fauzi, MMT, IPU as the Rector of Universitas
Pembangunan Nasional Veteran Jawa Timur.
2. Mrs. Dr. Dra. Ec. Tri Kartika Pertiwi, M.Si, CRP as the Dean of the
Faculty of Economics and Business UPN Veteran Jawa Timur.
3. Mrs. Prof. Dr. Wiwik Handayani, S.E., M.Si. as the Coordinator of the
Management Study Program UPN Veteran Jawa Timur, and also the
Thesis Supervisor who has provided guidance, direction, and motivation

so that the preparation of this thesis proposal can be



completed to the fullest.

4, All the lecturers and all the academic bureaucratic staff of the
Management Study Program at the Faculty of Economics and Business,
UPN Veteran East Java, who have imparted knowledge and insights to
the author during the course of their studies.

5. To both beloved parents who have always provided unwavering support,
prayers, encouragement, and motivation, enabling the author to complete
this thesis proposal well.

6. To all KM Management UPN Veteran East Java, especially fellow
comrades, who have given support, assistance, and encouragement
during the process of preparing this thesis proposal.

The author realizes that this thesis proposal still has limitations and
shortcomings. Therefore, the author hopes for constructive criticism and
suggestions to improve this thesis proposal. May this thesis proposal be beneficial

for the author as well as for other interested parties.

Surabaya, February 1, 2026

Author



LIST OF CONTENTS

COVER
FOREWORD ...ttt et e e nna e e e nnne e e i
LIST OF CONTENTS ..ottt iv
LIST OF TABLE ...ttt e e enes vi
LIST OF FIGURE ..ottt vii
CHAPTER Lottt 1
INTRODUGCTION ..ottt sttt ettt anas 1
I ST o 1o | (010 o [ USSR 1
1.2 Formulation Of The Problem ... 7
1.3 RESEAICN PUIPOSES. ....ccuviiuieiieeiecteeste ettt e ste et ste et sta et este e e nre e nns 7
1.4 ReSearch BenefitS........ccoviiiiiiiiiisieee s 7
CHAPTER Tl oottt ssssnessnns 10
LITERATURE REVIEW ...ttt 10
2.1 Previous RESEAICN .........cciiiiieiiiieieie sttt 10
2.2 TNEOTELICAl BaSIS.......eiviiviiiiiiieiieieieie et 16
2.2.1 Project Management .........c.ccveieiieieeiee e e eeesreeste et sne e e e sreennesneas 16
2.2.2 Construction Project Management ...........ccocovveerieienenene e 18
2.2.3 Project Time and Cost CONrol ..........ccceveeviiieiiecece e 19
2.24 Earned Value Management (EVM) ........cccooiiiiiniiincnes e 21
2.2.5 Machine Learning in Construction Project Management..................... 28
2.2.6 Machine Learning in Operational Project Control ..............cccccoevvinenen, 29
2.2.7 Evaluation of Project Risk Classification Models..............ccccoveveinennn, 33
2.2.8 S-CUINVE ...ttt 37
2.2.9 Business INtEIlIgENCE. ........ccoiiiiiiiiee e 39
2.2.10 Lean CONSLIUCTION ......c.veiieiieiesiiesieeie e sieeree s e ste e sre e sreesaeeneeneees 42
2.3 Framework Of ThinKing .........cccooeiiiiiiiiiiseee e 46
CHAPTER oot 47
RESEARCH METODHOLOGY .....ooiiiiiiccie e 47
3.1 Operational DefiNItION.........c.ccoveiieieiiece e 47
3.2 RESEAICN ODJECL ....ecveiiieiieie et 54
3.3 RESEAICH SUDJECT ... .c.viiiieiieie et 55
3.4 Data Collection TEChNIQUES .........coviiiiiiiie e 56
34.1 SeCcoNdary Data.........cccveiieiiiiiie it 56



342 Primary Data..........ccccvevieiieiiieie e eis et ste e e e nae e nne s 57

3.5 Data Analysis TEChNIQUES.........ccoviiiiiiiicie e 58
3.5.1 Project Data Processing Using Earned Value Management (EVM)......59
3.5.2 Project Deviation Pattern Analysis Using S-CUrve..........cccccooevevvriennnns 62
3.5.3 Project Deviation Prediction Analysis Using XGBO0OSt .............ccccveuee. 64
3.5.4 Evaluation of Project Deviation Prediction Reliability ............c.cccoeeee. 68
3.5.5 Classification of Project Risk Status and Confusion Matrix .................. 69
3.5.6 Decision Rules and Corrective ACtion SOP ........cccooeviveniiinenisieiens 70
3.5.7 Integration of Analysis Results as the Basis for Project Control............ 72

CHAPTER IV ottt 73
RESULTS AND DISCUSSION......ccocitiiiiiiiiiienieiee e 73

4.1 Description of the Research ODJecCt...........cccovevieiiiiieiice e 73
4.1.1 Company Profile........coiii s 73
4.1.2 Company Vision and MiSSION .........ccccoveririiiiiieienene e 74
4.1.3 Organizational STIUCTUIE...........ccoviiiiiiirisiee e 75

4.2 Description of Research ReSUItS ... 75

4.3 DAt ANAIYSIS ... s 77

44 Integration of the Business Intelligence Framework ............ccccocvvviiiennn, 100

4.5 DISCUSSION ...euvivietieiieie it sttt sttt bbbt se et et e be st sbesbeareeneeneeneas 121

CHAPTER V e 125
CONCLUSIONS AND RECOMMENDATIONS .....cooiiiiieiececeeeeeens 125
5.1 CONCIUSIONS ...ttt sttt 125
5.2 RECOMENUALIONS ...ttt ettt 127
REFERENCES ... 129
APPENDICES ...t 133



Table 1.
Table 2.
Table 2.
Table 2.
Table 2.
Table 3.
Table 3.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.

LIST OF TABLE

1 Project Progress Summary Based on Work Category ..........ccccovevvevenenn 4
1 Measure of Schedule and Cost Variance (SV and CV).........ccccceeveenee. 25
2 Performance Measurement Index for Schedule and Cost...................... 26
3 Measurement of Variance at Completion (VAC).......cccoovveiieicninnnn, 27
4 Basic Components of the Confusion MatriX ...........cccccevveieiieeieaiiennn, 33
1 Threshold Tolerance Performance IndeX EVM..........ccccocovvviiiininiinnn, 51
2 Decision Rules and Response Plan.............ccccooveveiiieieeie e, 69
1 Weekly Schedule & Actual Progress ReCap.........ccoevereneiinnniiennennn, 76
2 Recap of RAB and Actual COSES ..........coovririeiiiieienc e 77
3 Recap of Research Data Sources and Variables Used..............c.c......... 79
4 Summary of EVM Key Component Performance............cccccevvvevvenenne. 80
5 Recap of EVM Derivative INdiCatOrs ..........c.ccooveiereneiencneseseeeeees 82
6 Critical Weeks Based on SPI & CPI Status..........cccevereneninenieienn 83
7 Weekly Progress Deviation RECAP ........cccovvveieereiie e 86
8 Next Period Deviation Prediction Output (t+1).......ccccovevviieiieeieiiennn, 89
9 Summary of Early Warning Prediction Status............cccccvveeviveieneennnn 91
10 Comparison of XGBoost Predict Model Evaluation and Baseline......92
11 Trigger Status Risk & Company Corrective SOP............ccccceevveeveennenn. 95
12 Dominant WBS & Cause Indicators Based on Risk Status................. 97
13 Mapping KPI Dashboard COmponents ...........cccccevererenenenininieenns 102
14 List of Features for the XGBoost Machine Learning Model............. 107
15 Risk Classification RUIES ...........cccceiiiiiiiiiieiee s 109
16 WOIt-Case RUIES .......ccooiiiieiiee e 110
17 Mapping risk status & Lean Recommendations .............ccccceeevveennnnns 110
18 SOP COrreCtive ACLIONS.......c.eiierieeiesieeireie e seesiesee e see e sreenae e, 112
19 Components of the Business Intelligence System ..........c.ccoovvveinennn, 114

vi



Figure 1.
Figure 2.
Figure 2.
Figure 2.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.
Figure 4.

LIST OF FIGURE

1 GDP Growth by Industry (YOY) 2024 .........ccccoeveiieiiee e, 2
1 Project Management PrOCESS ......ccecvveiverieeieieesiesiesieesie e seesee e s 17

2 Bar Chart of Activity Schedule and Cumulative Progress S-Curve.....37

3 Business Intelligence ArchiteCture .........cccevevieriniesinne e 39
1 PT Royal Project Management LOgO .........cccccvvevvivieriereiieseesie e 71
2 PT Royal Project Management Organizational Structure..................... 73
3PV, EV, anNd AC TIeNUS ....cccoiviiiie ettt eran e 81
4 SP1 and CPITrend Graphs ..o 82
5 Cumulative PV vs. EV Trend Graph and Progress Deviation ............. 87
6 Comparison of Actual and Predicted Values of EV and AC................ 90
7 Comparison of Prediction Evaluation Model Values.............c..c..c....... 92
8 Confusion Matrix of the XGBoost Prediction Model ...............cc........ 93
9 Confusion XGBoost Prediction Model Matrix Based on Risk ............ 94
10 Weekly EVM SQL Database Structure..........cccccveveveeieevieiievie e, 98
11 Preprocessing Code for Weekly EVM .........ccccooviviiicie e 99
12 EVM Calculation FIOWCharT...........cccoooviiieieieiie e 100
13 EVM Calculation KPI Function Code...........cccooevevverenieneennaienennn 100
14 S-Curve Visualization Function Code.........cccccvvvrirenenininieieneenns 101
15 Business Intelligence Architecture (Layer-Logic-Access)............... 102
16 Risk Status Classification Rule Function Code.............ccccevvrvennene. 103
17 Main Business Intelligence Dashboard Visualization ...................... 104
18 Weekly Detailed Bl Dashboard View of EVM...........cc.cccoceveevinnen, 105
19 Model Evaluation and Early Warning Dashboard...................c........ 106
20 XGBoost Machine Learning Pipeline Schematic..............c.ccccc....... 107
21 Machine Learning Parameters Learning XGBOOSt .............cccvneen. 108
22 Table Alarm Early Warning ..........ccccooeiiiineieieienc e, 111
23 Action Log (Lean/SOP Closing LOOP) .......ccoevveiiiiiiieiie e, 113
24 Business intelligence architeCture.............ccoceeveevii v, 114

Vii



Formulation Of Machine Learning-Based Business Intelligence
And Lean Construction For Project Control
At Pt Royal Project Management

OLEH:

Dimas Renandra Akbar
22012010142

ABSTRACT

Construction project control is generally still reactive in nature, causing schedule
deviations and cost overruns to often be detected only after delays and budget
escalations have occurred. This study aims to formulate a business intelligence
framework for weekly project control, develop an XGBoost predictive model as
an early warning system, and propose corrective action recommendations based
on lean construction principles. A quantitative approach was employed in a Type-
45 housing project managed by PT Royal Project Management, utilizing weekly
data consisting of project schedules, cost budgets (RAB), WBS-based physical
progress, and actual expenditures. Data processing was conducted through earned
value management, S-curve analysis, time-based splitting, and walk-forward
validation. The results indicate that the integration of Planned Value (PV), Earned
Value (EV), and Actual Cost (AC) into the Bl dashboard produced consistent
performance indicators. Furthermore, the XGBoost model demonstrated superior
performance compared to the baseline model, achieving MAPE values of 3.81%
for EV prediction and 1.16% for AC prediction. The predictive outputs were
subsequently converted into risk status categories, normal, alert, and critical, and
linked to lean-based SOPs to accelerate managerial response.

Keyword: business intelligence; earned value management; lean construction;
machine larning; manajemen proyek
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