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ABSTRACT 

 
REFERENCE ARCHITECTURE ANALYSIS & DESIGN FOR INVENTORY 

PROCESSES DIGITALIZATION & AI OPTIMIZATION IN SMART 
ELECTRIFICATION FACTORIES 

 
 

By 
 
 

Veronica Kusuma 
Dr. Ir. Heru Purnomo Ipung M.Eng, Advisor 
Dr. Ir. Eka Budiarto ST M.Sc, Co-Advisor 

 
 

SWISS GERMAN UNIVERSITY  
 

Effective inventory control is essential for ensuring operational efficiency, cost 

management, and financial accuracy in manufacturing organizations. Stock taking, as 

a core process of inventory verification, plays a critical role in maintaining data 

integrity and supporting production continuity; however, traditional manual methods 

remain labor-intensive, time-consuming, and prone to error, thereby limiting real-time 

visibility and decision-making effectiveness. This study examines the stock-taking 

process in a Smart Infrastructure Electrification Automation Factory and proposes the 

design of a reference architecture to digitalize & optimize processes inventory 

management. It emphasizes the integration of digital technologies such as automation 

and artificial intelligence for process optimization. Using a qualitative case study 

approach, this research aims to develop a reference architecture that supports the 

modernization and digitalization of traditional inventory and warehouse management 

processes by integrating digital technologies and evaluating potential Artificial 

Intelligence (AI) applications to improve inventory accuracy, operational efficiency, 

and overall organizational performance. 

Keywords: Artificial Intelligence (AI), Stock Taking, Inventory Management, Digital 

Transformation, Process Automation. 

 
 

 
 



REFERENCE ARCHITECTURE ANALYSIS & DESIGN FOR INVENTORY               Page 4 of 148 
PROCESSES DIGITALIZATION & AI OPTIMIZATION IN SMART ELECTRIFICATION FACTORIES 

 Veronica Kusuma 
 

DEDICATION 

 

I dedicate this thesis to my beloved family, whose unwavering love, encouragement, 

patience, and continuous support have been my greatest source of strength throughout 

this academic journey. Their belief in me has inspired me to persevere through every 

challenge and achieve this important milestone. 

I would also like to dedicate this work to our Chief Executive Officer, whose vision, 

trust, and leadership have provided me with the opportunity to contribute to the 

company's digital transformation initiatives. The challenges and responsibilities 

entrusted to me have significantly enriched my professional experience and inspired the 

research presented in this thesis. 

Furthermore, I sincerely appreciate our Chief Executive Officer for supporting my 

personal and professional development by providing the opportunity to pursue higher 

education while continuing my professional responsibilities. This encouragement 

reflects a strong commitment to continuous learning and talent development, making 

the completion of this master's degree possible. 

To everyone who has contributed, directly or indirectly, to this journey, I offer my 

deepest gratitude. This achievement is as much yours as it is mine. 

 

 

 

 

 

 

 



REFERENCE ARCHITECTURE ANALYSIS & DESIGN FOR INVENTORY               Page 5 of 148 
PROCESSES DIGITALIZATION & AI OPTIMIZATION IN SMART ELECTRIFICATION FACTORIES 

 Veronica Kusuma 
 

TABLE OF CONTENTS 

Page 

STATEMENT BY THE AUTHOR ............................................................................... 2 

ABSTRACT ................................................................................................................... 3 

DEDICATION ............................................................................................................... 4 

TABLE OF CONTENTS ............................................................................................... 5 

LIST OF FIGURES ....................................................................................................... 8 

LIST OF TABLES ......................................................................................................... 9 

CHAPTER 1 – INTRODUCTION .............................................................................. 10 

1.1. Background ........................................................................................................... 10 

1.2. Problem Statement ................................................................................................ 12 

1.3. Research Objective ............................................................................................... 13 

1.4. Research Question ................................................................................................ 14 

1.5. Hypothesis............................................................................................................. 14 

1.6. Significance of the Study ...................................................................................... 15 

1.7. Scope and Limitations........................................................................................... 17 

1.8. Thesis Structure .................................................................................................... 19 

CHAPTER 2 - LITERATURE REVIEW .................................................................... 21 

2.1. Overview of Smart Infrastructure Electrification Automation Factory ................ 22 

2.1.1 Current Process and Application Landscape ...................................................... 22 

2.1.2 Operational Challenges of the Current Environment .......................................... 24 

2.2. Related Literatures ................................................................................................ 26 

2.2.1 Industry 4.0 Overview ........................................................................................ 26 

2.2.2. Inventory Management Frameworks and Methods ........................................... 30 

2.2.3 Digital Transformation in Inventory and Smart Warehousing ........................... 31 

2.2.4 ERP Systems ....................................................................................................... 31 

2.2.5 Cloud Integration ................................................................................................ 32 

2.2.6 Digital Workflow ................................................................................................ 32 

2.2.7 Real Time Inventory Visibility ........................................................................... 33 

2.2.8 AI in Inventory and Warehouse Operations ....................................................... 33 

2.2.8.1 Computer Vision in Warehouse Operations .................................................... 34 

2.2.8.2 Machine Learning Applications ....................................................................... 35 

2.2.8.3 YOLO and Object Detection ........................................................................... 35 

2.2.8.4 MERLIC- MVTec Software ............................................................................ 36 

2.2.9 Reference Architecture Framework .................................................................... 37 



REFERENCE ARCHITECTURE ANALYSIS & DESIGN FOR INVENTORY               Page 6 of 148 
PROCESSES DIGITALIZATION & AI OPTIMIZATION IN SMART ELECTRIFICATION FACTORIES 

 Veronica Kusuma 
 

2.2.9.1 TOGAF (The Open Group Architecture Framework) ..................................... 38 

2.2.9.2 RAMI 4.0 (Reference Architecture Model Industrie 4.0)................................ 40 

2.2.9.3 ISA-95 / IEC 62264 (Enterprise–Control Integration Standard) ..................... 41 

2.2.10 Regional Benchmarking of Digitized Inventory Stock Taking Process ........... 44 

2.2.11 Impacts of Digitalization on efficiency, Accuracy and Human Capital ........... 44 

2.3. Key Findings from the Literature ......................................................................... 45 

2.3.1. Manual Inventory Processes Create Operational In-efficiencies ....................... 46 

2.3.2. Industry 4.0 Enables Inventory Process Transformation ................................... 46 

2.3.3. Accuracy and Real-Time Visibility Are Critical Business Requirements ......... 46 

2.3.4. ERP Systems Alone Are Not Sufficient ............................................................ 46 

2.3.5. AI Has Strong Potential but Must Be Controlled and Validated ....................... 46 

2.3.6. Enterprise and Manufacturing Architecture Alignment Is Essential ................. 48 

2.3.7. Governance, Security, and Human Capital Are Key Success Factors ............... 49 

2.3.8. Existing Research Remains Fragmented ........................................................... 49 

2.3.9. Limited Indonesia-Specific Research and Practical Frameworks ..................... 49 

2.3.10. Review of the Previous Study .......................................................................... 49 

2.4. Research Gap ........................................................................................................ 52 

2.4.1 Comparative Gap Analysis of Current State and Literature Benchmarking ....... 53 

2.4.2 Identified Gaps .................................................................................................... 55 

2.4.3 Mapping of the Identified Research Gaps to the Research Objectives ............... 56 

2.5. Design Requirement for Proposed Reference Architecture .................................. 58 

2.6. Mapping of Design Requirement to the Proposed Design.................................... 60 

2.7. Assessment Criteria .............................................................................................. 62 

2.8. From Gap Analysis to Research Novelty.............................................................. 62 

CHAPTER 3 – RESEARCH METHODOLOGY ....................................................... 64 

3.1. Research Design.................................................................................................... 64 

3.2. Research Framework ............................................................................................ 68 

3.2.1 Five Major Phase of the Research ...................................................................... 68 

3.2.2 Supporting Components of the Research Framework ........................................ 76 

3.3. Data Collection Method ........................................................................................ 77 

3.4. Data Analysis Techniques..................................................................................... 79 

3.5. Architecture Design Framework ........................................................................... 82 

3.6. Success Criteria ..................................................................................................... 87 

3.7. Evaluation and Validation Method ....................................................................... 90 

3.7.1 Evaluation Criteria .............................................................................................. 90 

3.7.2 Validation Method .............................................................................................. 91 



REFERENCE ARCHITECTURE ANALYSIS & DESIGN FOR INVENTORY               Page 7 of 148 
PROCESSES DIGITALIZATION & AI OPTIMIZATION IN SMART ELECTRIFICATION FACTORIES 

 Veronica Kusuma 
 

CHAPTER 4 – RESEARCH WORK AND RESULT ................................................ 95 

4.1. Phase 1 – Current State Analysis .......................................................................... 95 

4.1.1 Direct Observation .............................................................................................. 95 

4.1.2. Semi-Structured Interviews ............................................................................... 96 

4.1.3. Current Workflow and Document Analysis ...................................................... 96 

4.1.4. Operational Gap Analysis Result and Identified Problem ................................. 98 

4.2. Phase 2 – Literature and Technology Analysis................................................... 102 

4.3. Phase 3 – Reference Architecture Design ........................................................... 105 

4.3.1 TOGAF Architecture Development Method .................................................... 105 

4.3.1.1 Business Architecture .................................................................................... 106 

4.3.1.2 Application Architecture ................................................................................ 106 

4.3.1.3 Technology and Data Architecture ................................................................ 107 

4.3.2 ISA-95 Enterprise-Control Integration ............................................................. 110 

4.3.3 RAMI 4.0 Alignment ........................................................................................ 110 

4.3.4. Application Landscape Architecture................................................................ 111 

4.3.4.1 Application Landscape................................................................................... 112 

4.3.4.2 Data Layer ...................................................................................................... 113 

4.3.4.3 Overall Information Flow .............................................................................. 114 

4.4 Phase 4 – Feasibility Evaluation .......................................................................... 114 

4.4.1 Evaluation & Validation Result ........................................................................ 114 

4.4.2 Expert Review Validation and Focus Group Discussion Summary ................. 118 

4.5 Phase 5 – Result and Conclusions ....................................................................... 122 

4.5.1 Validated Reference Architecture ..................................................................... 122 

4.5.2 Research Findings ............................................................................................. 123 

4.5.3 Practical Recommendations .............................................................................. 125 

4.5.5 Overall Process Improvement ........................................................................... 128 

CHAPTER 5 – CONCLUSION AND RECOMMENDATION ............................... 132 

5.1. Conclusion .......................................................................................................... 132 

5.2 Review Research Question .................................................................................. 134 

5.3 Research Hypotheses Review .............................................................................. 135 

5.4 Research Contributions and Novelty ................................................................... 137 

5.5 Key Achievements of the Research ..................................................................... 142 

5.6 Summary Recommendation and Future Works ................................................... 143 

REFERENCES .......................................................................................................... 145 

APPENDIX ................................................................................................................ 147 

CURRICULUM VITAE ............................................................................................ 148 



REFERENCE ARCHITECTURE ANALYSIS & DESIGN FOR INVENTORY               Page 8 of 148 
PROCESSES DIGITALIZATION & AI OPTIMIZATION IN SMART ELECTRIFICATION FACTORIES 

 Veronica Kusuma 
 

LIST OF FIGURES 

Figure 1.1 Fishbone Diagram ...................................................................................... 13 

Figure 1.2 Digital Transformation on Manual Stock Taking ...................................... 16 

Figure 2.1 Current Process Flow ................................................................................. 24 

Figure 2.2 YOLO Evolution ........................................................................................ 36 

Figure 2.3 TOGAF Architecture Development Method (ADM): source The Open 

Group 2018 .......................................................................................................... 39 

Figure 2.4 TOGAF Architecture Domains for Inventory Digitalization and AI 

Optimization ........................................................................................................ 39 

Figure 2.5 ISA-95/IEC 62264 (Enterprise Control Integrated Standard) .................... 42 

Figure 2.6 Mapping the Identified Gaps to Research Objectives and Novelty ........... 57 

Figure 3.1 Research Design ......................................................................................... 65 

Figure 3.2 Research Framework Integration ............................................................... 75 

Figure 3.3 Architecture Design Framework ................................................................ 84 

Figure 3.4 Validation Method ...................................................................................... 92 

Figure 4.1 Potential of Digitalization Processes .......................................................... 98 

Figure 4.2 Research Gap Analysis & Assessment ....................................................... 99 

Figure 4.3 Proposed Designed Architecture for Inventory Stock Taking Process 

Digitalization and AI optimization .................................................................... 109 

Figure 4.4 Application Landscape Architecture ........................................................ 111 

Figure 4.5 Digitalized Inventory Stock Taking Process Improvement ...................... 129 



REFERENCE ARCHITECTURE ANALYSIS & DESIGN FOR INVENTORY               Page 9 of 148 
PROCESSES DIGITALIZATION & AI OPTIMIZATION IN SMART ELECTRIFICATION FACTORIES 

 Veronica Kusuma 
 

LIST OF TABLES 

 
Table Page 

Table 2.1 Reference AI Tools in Inventory and Warehouse Operations ..................... 34 

Table 2.2 Mapping to Proposed Architecture Components ......................................... 34 

Table 2.3 MERLIC Key Features ................................................................................ 37 

Table 2.4 Main Architecture Domains and Roles ........................................................ 38 

Table 2.5 Comparison YOLO versus MERLIC .......................................................... 48 

Table 2.6 Review of Previous Studies ......................................................................... 50 

Table 2.7 Gap Indicators and Implications .................................................................. 54 

Table 2.8 Design Requirements Matrix ....................................................................... 59 

Table 2.9 Proposed Design Solution ............................................................................ 61 

Table 3.1 Major Phase of the Research ....................................................................... 66 

Table 3.2 Data Analysis Techniques ........................................................................... 79 

Table 3.3 Complete Matrix Assessment, Evaluation, Success Criteria ....................... 88 

Table 3.4 Stakeholder Profiles for Focus Group Discussion (FGD) ........................... 93 

Table 3.5 Expert Profiles for Expert Review Validation ............................................. 94 

Table 4.1 Literature and Technology Analysis Matrix .............................................. 103 

Table 4.2 Evaluation Results of the Proposed Reference Architecture ..................... 116 

Table 4.3 Expert Validation and Focus Group Discussion Result ............................. 120 

Table 4.4 Comparison of YOLO versus MERLIC and Reference Architecture 

Implications........................................................................................................ 124 

Table 4.5 Formula for Calculating Process Improvement ......................................... 131 

Table 5.1 Achievement of Research Objectives ........................................................ 133 

Table 5.2 Review of Research Questions .................................................................. 134 

Table 5.3 Research Hypotheses Review .................................................................... 136 

Table 5.4 Novelty of the Research Result Mapping .................................................. 140 

 


