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Izvleļek: Ta raziskava preuļuje uporabo umetne inteligence (UI) za upravljanje objektov (FM), ki 

omogoļa komunikacijo z IFC-modeli. Poleg tega raziskuje odprtokodne reġitve digitalnih dvojļkov na 

osnovi BIM za izboljġanje prenosa podatkov iz gradbene dokumntacije v sistem upravljanja z objekti, s 

posebnim poudarkom na standardizaciji Construction Operations Building Information Exchange 

(COBie) in inteligentnem povezovanju dokumentacije. Teģave pri pridobivanju in prenosu informacij v 

programsko opremo za FM predstavljajo pomembne izzive v gradbeni industriji. Trenutno nobena 

programska reġitev ne omogoļa izvoza vseh formatov hkrati: Excel (.xlsx), CSV datoteke, JSON, XML, 

razġirjeni IFC, RDF/TTL, SQL, HTML, YAML. Obstojeļe reġitve obiļajno izvaģajo le Excel formate, 

poleg tega pa so takġna orodja draga. 

Razvita je bila odprtokodna arhitektura s petimi reġitvami za obravnavo specifiļnih izzivov 

arhitekturno-gradbene stroke, povezanih z zdruģljivostjo IFC in prenosom dokumentacije. Rezultati 

kaģejo pomembne izboljġave pri prenosu podatkov iz gradbene dokumntacije v sistem za upravljanje 

objektov, vkljuļno s popolno dokumentacijo o opremi ter obļutnim skrajġanjem ļasa za generiranje 

COBie datotek. Sistem uspeġno obravnava kompleksne modele stavb in ustvarja poroļila skladna s 

standardi za upravljanje objektov v veļ izvoznih formatih. Raziskava prispeva praktiļne smernice za 

implementacijo organizacijam, ki razmiġljajo o odprtokodnih reġitvah BIM-to-FM, ter dokazuje, da 

lahko sodelovalni razvoj ustvari boljġe alternative dragim komercialnim programskim reġitvam za 

prenos podatkov pri upravljanju objektov.   
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Abstract: This research investigates the implementation of AI for facility management (FM), enabling 

communication with IFC models. Additionally, it explores open-source BIM-based digital twin 

solutions for improving data handover from construction to facility management, with specific focus on 

Construction Operations Building Information Exchange (COBie) standardization and intelligent 

documentation linking. The difficulties in extracting and transferring info to FM Software present 

significant challenges in the construction industry. Currently, no such software exports all formats 

simultaneously: Excel (xlsx), CSV Files, JSON, XML, Enhanced IFC, RDF/TTL, SQL, HTML, YAML, 

Existing solutions typically extract only Excel formats, and such software is expensive. 

A five solutions open-source architecture was developed to address ACE specific challenges with IFC 

compatibility, and documentation handover. Results demonstrate significant improvements in 
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1 INTRODUCTION  

Current facility management workflows suffer from disconnected data systems where legacy CMMS 

platforms cannot process modern IFC 4.0 exports, forcing manual data entry that takes weeks and 

introduces errors. This research addresses BIM-to-FM data handover challenges through an open-source 

digital twin implementation that automates COBie generation and eliminates proprietary software 

licensing barriers while maintaining compatibility with existing maintenance management systems. 

1.1 BACKGROUND:  

Digital twins represent a fundamental shift in facility management approach. Rather than relyisng on 

static drawings and manual maintenance schedules, building operators can now access real-time 

building data through integrated BIM models. This technology combines construction-phase 

information with operational data to create dynamic virtual replicas of physical assets. 

The transition from design BIM models to operational digital twins requires structured data handover 

processes. COBie serves as the critical bridge between construction teams and facility managers, 

standardizing asset information transfer to enable predictive maintenance workflows. Current 

implementations face significant challenges in data quality, system integration, and stakeholder 

coordination, issues that directly impact the effectiveness of preventive maintenance programs. 

1.2 Problem Statement and Importance 

In AEC we give more importance and advancement from design to execution phase. and we have less 

focus specifically on preventive maintenance. 

For FM, we have many software which receives data from execution or construction phase but there is 

still limitation like latest IFC schema and due to there paid version. 

The AEC industry's focus on design-to-construction advancement often neglects preventive 

maintenance strategies, while existing facility management software faces significant limitations 

including poor IFC schema compatibility and high proprietary licensing costs. We need an accessible, 

open-source system that efficiently integrates with the latest IFC standards and leverages AI to retrieve 

accurate information throughout the building lifecycle. 

Current software creates disconnected data everywhere. Legacy systems choke on modern IFC exports, 

forcing manual data entry that takes weeks and introduces errors. Proprietary licensing blocks access to 

analytics features that could actually help predict equipment failures. So, facility managers end up fixing 

things after they break instead of preventing problems. 
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The solution needs to be accessible, simple to use, open-source, smart, and fast. Must handle IFC 4.01 

schema properly while moving data smoothly from construction teams to facility managers. AI 

extraction must pull accurate information from BIM models automatically, no more manual spreadsheet 

updates. 

An intelligent FM platform could fix the handover issues, equipment documentation gaps, and reactive 

maintenance problems that save time. Open-source approach eliminates licensing  constraints while 

allowing customization for specific building types and integration with existing Computerized 

Maintenance Management System CMMS platforms. 

1.3 Literature Review Context 

Digital twin technology evolved from basic BIM visualization into a working facility management tool, 

but the transition isn't smooth. Early implementations focused on clash detection and construction 

coordination, useful for architects, less helpful for maintenance teams who need asset specifications and 

service schedules. The problem isn't technical capability. BIM models contain detailed equipment 

information, but facility managers can't access it in formats their CMMS systems understand. COBie 

emerged as the data bridge between construction and operations, standardizing asset information transfer 

through structured spreadsheets that import directly into maintenance databases. Real implementations 

tell a different story. Texas A&M Health Science Center found that COBie users actually took longer to 

process work orders compared to traditional paper-based approaches the opposite of expected efficiency 

gains. University of Washington's pilot project revealed maintenance technicians preferred asking 

colleagues rather than searching digital systems, with one stating "Electronic files could be harder to 

find than paper files." The Fort Lewis military facility demonstrated COBie's potential by eliminating 

"man-years of effort" spent manually transcribing equipment data, but successful deployment required 

extensive organizational changes beyond technical integration. Current research emphasizes digital twin 

capabilities while ignoring practical barriers like data quality validation, staff training requirements, and 

resistance to abandoning proven paper workflows that maintenance teams trust. 

1.4 Critical Facility Management Challenges 

Facility management faces three critical challenges that BIM-based digital twins can address.  

¶ Equipment documentation remains scattered across multiple systems and formats. Asset 

condition monitoring relies on manual inspections that miss early failure indicators.  

 
1 IFC 4 Schema handles more elements (more MEP Elements) and their meta data, than IFC 2.3 and 3 Schema, 

the solution I created they are totally based on latest IFC schema and will probably be easily adaptable to IFC 5 

Schema, which is on the way now from IFC authorities. 
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¶ Maintenance scheduling uses generic intervals rather than actual usage patterns or performance 

data. 

These challenges compound when facilities inherit incomplete or inaccurate building documentation 

from construction teams. The Royal Adelaide Hospital's digital twin implementation revealed that 30% 

of HVAC equipment lacked complete manufacturer specifications in the original BIM model. Missing 

information forced facility managers to recreate asset databases manually, negating many benefits of 

digital modeling. This experience demonstrates why structured data handover processes are essential 

for successful digital twin deployment. 

1.5 Research Scope and Digital Twin Approach 

This research addresses BIM-to-FM data handover challenges through digital twin implementation 

focused on preventive maintenance. The approach is to create COBie standardization to facilitate facility 

management tools. Testing was conducted at a medical university facility to validate workflows and 

measure operational impacts. 

The digital twin platform integrates static BIM geometry with concern documentation data streams from 

i.e., manufactuere, spacifications, maintanance schedules. COBie reports provide structured asset 

information that populates computerized maintenance management systems automatically. This 

integration enables condition-based maintenance strategies that reduce costs and improve asset 

reliability compared to traditional scheduled maintenance approaches. 

And the second approach is to strengthen IFC model itself so all concern documentation will be attached 

to concern each element so no data will be get lost while transporting IFC files from one phase to another 

phase. 

1.6 Thesis Structure Overview 

This thesis presents a comprehensive progression from theoretical foundations through practical 

implementation, demonstrating how open-source BIM-to-FM solutions can eliminate proprietary 

software barriers and improve facility management data handover. 

Chapter 2: Literature Review  

Reviews existing BIM-to-FM handover challenges, COBie standardization issues, and identifies gaps 

in open-source facility management solutions. 
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Chapter 3: System Architecture and Detailed Implementation 

Presents the five-component architecture addressing AEC's IFC compatibility, documentation handover, 

and licensing cost challenges. 

Chapter 4: Software Implementation and Workflow 

Documents technical implementation including server architecture, plugin development, and 

IFCOpenShell processing workflows. 

Chapter 5: Demonstration and Case Study Implementation 

Demonstrates system capabilities through natural language queries, document linking, and automated 

COBie generation testing. 

Chapter 6: SWOT Analysis 

Analyze strengths, weaknesses, opportunities, and threats of the open-source BIM-to-FM digital twin 

implementation. 

Chapter 6: Conclusion 

Summarizes research achievements, technical outcomes, and provides recommendations for digital twin 

adoption in facility management. 
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2 LITERATURE REVIEW  

In construction and BIM, nD means "n-Dimensional" modeling, where each extra "dimension" beyond 

3D adds project information types. The nD modeling concept represents data evolution that ends in 

facility management integration. Basic documentation starts with 1D-2D text and drawings from 

traditional plans and specifications. Geometric BIM models create 3D parametric objects and spatial 

relationships. Time data gets added at 4D by linking construction schedules to model elements for 

progress tracking. Cost information enables quantity take-offs and budget management at 5D throughout 

project phases. Sustainability metrics including energy performance analysis and carbon footprint 

calculations get incorporated at 6D for lifecycle assessment. Asset specifications and maintenance 

requirements focus on facility management data preparation at 7D. Safety planning covers risk 

assessment protocols and site logistics coordination at 8D. Lean construction principles emphasize waste 

reduction and process optimization at 9D. Digital integration through IoT sensors, artificial intelligence, 

and predictive maintenance systems enable digital twin functionality at 10D [1], as shown in Figure 1. 

Data transfer from as-built models to facility management happens at 7D and 10D levels. COBie 

standard extracts asset information, equipment specifications, warranties, maintenance schedules, and 

spatial relationships from completed BIM models, as mentioned in Table 1 below. The data exports in 

structured spreadsheet format for direct import into Computerized Maintenance Management Systems. 

 

 

Table 1: Information Requested by COBie in Each Phase. (Adapted from [5]) 



Ahtisham Ali Baig. 2025. Implementing BIM-based Digital Twins for Preventive Maintenance in Facility Management.     6 
Master Thesis. Ljubljana,UL FGG, Second Cycle Master Study Program Building Information Modelling, BIM A+. 
 

IFC files preserve complete geometric and semantic building data including equipment locations, system 

connections, and operational parameters. Facility managers can visualize assets within 3D digital twin 

environments and execute predictive maintenance workflows. This relies on comprehensive as-built 

information captured throughout the construction process [2], [3], [4], [5]. 

 

2.1 Evolution of BIM in Facility Management  

Building Information Modeling has evolved from a design visualization tool into a comprehensive 

lifecycle management platform. Early BIM implementations focused primarily on clash detection and 

construction coordination, but recent developments demonstrate substantial potential for facility 

management applications [6], showed that BIM models contain detailed asset information that could 

support maintenance operations, yet most facility managers lack access to this data in usable formats. 

The transition from design-focused BIM to operational facility management presents significant 

challenges [7], studied BIM implementation in 15 university facilities and found that work order 

processing times actually increased during the first six months of BIM adoption. This counterintuitive 

finding resulted from data format incompatibilities between BIM authoring tools and existing 

computerized maintenance management systems. Facility managers spent additional time translating 

BIM data into CMMS-compatible formats rather than benefiting from automated data transfer. 

2.2 Digital Twin Technology Foundations 

Digital twins extend traditional BIM models by incorporating real-time operational data streams 

originally conceptualized digital twins as virtual replicas that mirror physical asset behavior through 

Figure 1: BIM Dimensions. (Harmony AT, n.d.) [1] 
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continuous data exchange. In facility management contexts, while handing over phase from construction 

to FM, accurate asset information delivery holds a great importance by this the FM can run smoothly 

and for long run digital twins combine static BIM geometry with dynamic sensor feeds to enable 

predictive maintenance and operational optimization [8]. In 2017-18 implementations demonstrate the 

practical potential of digital twin technology. The Singapore Building and Construction Authority 

deployed digital twins across 200+ government buildings, achieving 15% reduction in energy 

consumption and 23% decrease in maintenance costs. But the Singapore project required 18 months of 

system integration work and cost ú3.2 million, highlighting implementation complexity that limits 

adoption in smaller facilities [9], [10].COBie Standard Development and Applications. 

Construction Operations Building Information Exchange (COBie) emerged from the US National 

Building Information Modeling Standard initiative in 2006 [11], developed COBie to standardize 

facility data handover from construction teams to building operators. The standard defines specific 

worksheets for facilities, spaces, equipment, and maintenance requirements that can be exported from 

BIM authoring tools and imported into facility management systems. 

COBie adoption has accelerated globally, particularly in government projects with BIM mandates. The 

UK Government Construction Strategy requires COBie deliverables for all public projects exceeding £5 

million [12] [13]. Australia's Department of Infrastructure mandates COBie reports for healthcare 

facility handovers (Australian Government, 2019). These requirements drive COBie standardization but 

don't address implementation challenges that facility managers encounter when attempting to use COBie 

data operationally [14], [15], [16]. 

Based on the Slovenian regulation, data exchange rules require project documentation prepared using 

information-supported design (BIM tools), to contain equivalent data as traditional documentation 

methods. The regulation mandates structured data flow through sequential project phases, from initial 

design documentation (DPP) to construction documentation (PZI) to as-built handover documentation 

(PID). Each phase must maintain data consistency and track changes through standardized forms and 

technical reports for data exchange structure, the regu Project documentation prepared using 

information-supported design (BIM tools)" lation requires tekstualni opisi (textual descriptions) in 

forms and technical reports, plus grafiļni prikazi (graphical representations) that must be "medsebojno 

usklajeni" (mutually coordinated). All documentation phases use these standardized templates to ensure 

consistent data transfer from design through facility handover. But the regulation doesn't specify 

particular file formats or exchange protocols. Instead, it establishes requirements for data completeness 

and accessibility while allowing flexibility in technical implementation methods. Slovenia's approach 

focuses on ensuring continuous data availability throughout building lifecycles rather than mandating 

specific exchange standards [17]. 
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2.3 BIM -FM Integration Challenges 

Technical barriers represent the most visible obstacles to BIM-FM integration [18], in survey facility 

management professionals, identified data interoperability as the primary concern. Facility management 

systems typically use relational databases with standardized asset classifications, while BIM models 

contain object-oriented data with project-specific naming conventions. Converting between these data 

structures requires custom mapping that varies for each project and software combination, as it will be 

shown in the pratical part of this dissertation. 

Organizational challenges prove more difficult to address than technical issues [19].  studied BIM 

adoption in some construction companies, found that facility management teams were rarely involved 

in BIM execution planning. This exclusion means that BIM models often lack information requirements 

needed for effective facility operations. For example, maintenance schedules might be missing from 

BIM families, or asset serial numbers might not be captured during construction documentation. 

Data quality issues compound during the transition from construction to operations [20]. analyzed 

COBie exports from 12 hospital projects and found that 40% of equipment records contained incomplete 

manufacturer information. Missing data forced facility managers to gather asset specifications manually, 

duplicating work that should have been completed during construction. The research revealed that data 

quality validation rarely occurs before COBie handover, creating operational problems that persist 

throughout building lifecycles [21], [22]. 

2.4 Preventive Maintenance Through Digital Technologies 

Traditional maintenance approaches rely on manufacturer-recommended service intervals rather than 

actual asset conditions. This strategy often results in unnecessary maintenance activities and missed 

opportunities to address developing problems. Predictive maintenance uses sensor data and analytics to 

optimize maintenance timing based on equipment performance rather than arbitrary schedules. 

Research demonstrates significant benefits from predictive maintenance implementations. studied 

maintenance optimization in manufacturing facilities and found that condition-based strategies reduced 

costs by 25-30% while improving equipment reliability. But manufacturing environments differ 

substantially from building operations, where equipment runs continuously at variable loads and 

environmental conditions change seasonally [23]. 

Digital twin implementations in facility management show promise for enabling predictive 

maintenance. IBM's implementation at Dublin Airport reduced unplanned downtime by 40% through 

real-time condition monitoring. The system combines BIM geometry with sensor data from 15,000+ 

monitoring points to identify developing equipment issues before failures occur. But the Dublin Airport 
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project required dedicated IT staff and cost ú8.5 million, making similar implementations impractical 

for most facilities [24]. 

2.5 Machine Learning and Predictive Analytics for Intelligent Facility Management 

Machine learning algorithms enable digital twins to identify patterns in sensor data that indicate 

developing equipment problems. Supervised learning approaches require historical failure data to train 

predictive models, while unsupervised methods can detect anomalies without prior failure examples. 

The choice between approaches depends on available data and facility-specific requirements. 

Supervised machine learning uses labeled historical data, including known failures, to train models that 

predict future problems. On the other hand, unsupervised learning doesnôt need labeled examples; it 

identifies unusual patterns or anomalies in sensor data that may signal issues. The choice depends on 

whether past failure data is available and the specific needs of the facility. 

Recent advances in machine learning have improved predictive maintenance accuracy, developed neural 

network models that predict HVAC equipment failures with 85% accuracy using temperature, pressure, 

and vibration sensors. The models identified impending failures 2-3 weeks before equipment shutdown, 

providing sufficient time for maintenance scheduling. But model training required 18 months of sensor 

data and frequent recalibration to maintain accuracy as equipment aged [25]. 

Cloud computing platforms have made machine learning more accessible for facility management 

applications. Amazon Web Services, Microsoft Azure, and Google Cloud Platform offer pre-built 

algorithms for predictive maintenance that can be customized for building operations. These services 

reduce implementation complexity but require careful attention to data security and privacy 

requirements, particularly for sensitive facilities like healthcare and government buildings [26], [27]. 

2.6 Integration of Frameworks and Interoperability  

Successful digital twin implementation requires integration between multiple software platforms: BIM 

authoring tools, facility management systems, building automation networks, and analytics platforms. 

Each system uses different data formats and communication protocols, creating interoperability 

challenges that must be addressed through middleware or custom integration code. 

Industry Foundation Classes (IFC) provide standardized schemas for BIM data exchange, but IFC 

models often lose project-specific information2 during export and import processes. COBie offers more 

 
2 If we use IFC schema 2.3 or 3 we will lose the PSets relating to, for instance, the elements described under. 

Conversely, using the IFC 4 Schema we will have all the data ready to be embeded in the COBie Report.  

New Equipment Types  

IfcAirTerminal: Enhanced air distribution devices (diffusers, grilles, VAV boxes)  

IfcCoil: Dedicated heating/cooling coil modeling with detailed thermal properties  

IfcCondenser: Refrigeration condensers with performance characteristics  
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focused facility management data, but lacks geometric information needed for digital twin visualization. 

Combining IFC and COBie requires coordination between design teams and facility managers that rarely 

occurs in traditional project delivery [28]. 

Open platform approaches show promise for addressing interoperability challenges. The Digital Twin 

Consortium has developed reference architectures that specify standard interfaces for data exchange 

between digital twin components. These frameworks are still evolving but offer potential solutions for 

creating scalable digital twin implementations that can adapt to diverse facility requirements [29]. 

2.7 Case Studies and Implementation Examples 

The Texas A&M Health Science Center implementation represents one of the first real-world 

applications of COBie data integration with facility management systems, where two newly constructed 

campus buildings in Bryan and Round Rock adopted BIM and COBie-based approaches while seven 

other campuses continued traditional drawing-based facility management. Broaddus & Associates 

integrated COBie data into the university's existing CMMS using AssetWorks' AiM software, with 

initial studies predicting 8.7% reduction in work order processing time through faster access to digital 

asset information. But statistical analysis of actual work orders from September 2013 to September 2014 

revealed contradictory resultsðBIM and COBie users actually required more time to process 

maintenance work orders in mechanical and plumbing categories compared to traditional drawing-based 

approaches. The study analyzed 3,398 work orders across six campuses, finding that facilities using 

COBie data took longer for equipment maintenance despite having direct access to manufacturer 

specifications, warranty information, and digital asset databases. Data inconsistencies emerged as the 

primary limitation, with no standardized procedures for recording work orders across campuses and 

frequent combination of multiple maintenance tasks into single work orders that skewed processing time 

measurements. This case study demonstrates that COBie implementation success depends heavily on 

consistent data recording standards and organizational process improvements beyond technical 

integration capabilities [30]. 

 

 

 

 
IfcEvaporator: Evaporator units with capacity and efficiency data  

IfcHeatExchanger: Heat recovery and transfer equipment  

IfcHumidifier: Humidity control equipment  

IfcTubeBundle: Heat exchanger tube configurations 
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Table 2: Number of work orders before segregation into categories. (A&M Health Science Center [31]) 

 

Work order data segregation process at Texas A&M Health Science Center, as in Table 2  it demonstrate 

significant data quality challenges where only 46% of recorded work orders contained usable 

information for BIM/COBie effectiveness analysis, highlighting the critical need for standardized data 

recording procedures in facility management systems [30] [31]. 

The University of Washington pilot project at the Foster School of Business Phase II building 

demonstrated real-world COBie implementation challenges in a large institutional setting with over 335 

buildings and 1.86 million square meters of managed space. The construction team created a COBie 

BIM that was designed to integrate directly with the university's existing CMMS (AiM by AssetWorks), 

as in Figure 2, space layout systems, and Electronic Document Management System through distributed 

data exchange rather than centralized storage. But implementation revealed fundamental organizational 

barriers that contradicted expected efficiency gains. Maintenance personnel preferred obtaining 

information from colleagues or paper documents rather than digital systems, with one technician stating 

"Electronic files could be harder to find than paper files" and reaching for hard copies instead.  

# Description Number of work orders 
1 Total work orders in the system 7,429 
2 ìŸƖťНŸƖĬĲƖƚНƽŔƣőНљǍĲƖŸњНŰƨůĤĲƖНŸŉНőŸƨƖƚНƽŸƖťĲĬ -2,111 
3 Work orders not related to BIM -1,920 

4 Work orders to be segregated into mechanical, plumbing, electrical, 
architectural, and other categories 3,398 

Figure 2: Distribution of COBie/BIM information. (Reproduced from [32]) 
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The study found that 27 interviews across multiple university departments revealed widespread distrust 

of digital information due to inconsistent naming conventions, scattered storage locations, and low 

computer comfort levels among trades personnel who were "trained in the trade, not in computers." Data 

distribution became more complex during operations compared to construction, with COBie information 

disaggregating implementation requires addressing both technical data exchange capabilities and 

organizational culture changes, particularly the transition from tacit knowledge networks based on 

apprenticeship and colleague communication to explicit digital information systems [31]. across 

specialized operational functions like fire alarm, plumbing, and building controls rather than coalescing 

into a unified operations model. The case study highlighted that successful COBie Information 

distribution network showing how COBie/BIM data becomes increasingly disaggregated and distributed 

across operational functions during the transition from construction to facility management at University 

of Washington, illustrating the organizational complexity that digital twin systems must address to 

achieve unified building operations [32]. 

The Fort Lewis, Washington military facility represents one of the first documented real-world COBie 

implementations, where an on-site study conducted in 2007 demonstrated the practical application of 

Construction Operations Building Information Exchange for facility handover processes. This pilot 

implementation led to the development of Unified Facility Guide Specifications for design-build and 

construction contracts, establishing COBie as a viable alternative to traditional paper-based asset 

information delivery methods that typically require "many-years of effort to create and review and 

transcribe hundreds of pages of documents." The number of documentation can be asily can bee seen in 

Figure 3: Typical Delivery of Handover Documents. (Reproduced from [33]) 
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Figure 3. The Fort Lewis study revealed that facility managers routinely spend significant time 

unpacking boxes of paper documents and manually retyping asset information into Computerized 

Maintenance Management Systems, a process that COBie eliminated by enabling direct electronic 

transfer of equipment specifications, warranties, and maintenance schedules. Subsequent analysis 

demonstrated that tens of thousands of man-hours on large projects were spent performing redundant 

data entry tasks, with a 2011 follow-up study predicting that 8% of annual maintenance budgets could 

be saved if open-standard electronic information were available to technicians before starting complex 

work orders. The success of the Fort Lewis implementation contributed to COBie becoming an 

internationally recognized open standard now implemented in over 30 commercial off-the-shelf 

software systems and included in design and construction contracts across the United States, United 

Kingdom, and Singapore. This case study established the foundation for COBie's evolution from 

experimental concept to operational facility management tool that delivers equipment and space 

information at lower cost and higher quality than manual or proprietary methods [33]. 

Traditional facility handover process showing pallets of paper documents that COBie implementations 

like Fort Lewis were designed to eliminate, demonstrating the scale of manual data processing 

challenges in conventional building operations transfer [33]. 

2.8 Research Gaps and Implementation Barriers 

Current research focuses primarily on technical capabilities rather than practical implementation 

challenges. Most studies demonstrate digital twin functionality in controlled environments but don't 

address organizational changes required for operational deployment. Facility management teams need 

training, process modifications, and change management support that existing research rarely considers. 

Cost-benefit analysis remains incomplete for digital twin implementations. While case studies show 

operational improvements, they rarely account for full implementation costs including software 

licensing, sensor installation, system integration, and ongoing maintenance. This information gap makes 

it difficult for facility managers to justify digital twin investments or compare different implementation 

approaches. Additionally, facility managers struggle to determine which digital twin data should be 

compared against which existing systems or metrics.    

Scalability questions persist for digital twin technology. Successful implementations typically focus on 

individual buildings or small building portfolios, but facility managers often need solutions that work 

across diverse level of data avaliable and locations. Creating standardized approaches that maintain 

customization flexibility represents a significant challenge that current research has not adequately 

addressed [34], [35]. 
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3 SYSTEM ARCHITECTURE AND DETAILED IMPLEMENTATION  

The system includes five main parts that work together to move building data from construction teams 

to facility managers. Most facility management software can handle either COBie reports or IFC files, 

but not both well, so the system supports multiple export formats to work with different software 

preferences. 

3.1 Design Software Solution Overview 

Core components include a back-end BIM data processing engine that handles IFC and COBie exports, 

a real-time data aggregation service, and a web-based dashboard that provides construction team and 

facility managers with asset status visualization and maintenance scheduling tools. The architecture 

supports both cloud and on-premises deployment depending on organizational security requirements 

and data governance policies. 

The developed solution in this thesis  addresses these challenges through a five-component architecture 

that combines IFC processing, visual modeling, report generation, user interfaces, and document 

management. Each component was built to handle specific aspects of the BIM-to-FM data handover 

process while maintaining interoperability and open-source principles. 

The architecture follows a modular design where components can operate independently or integrate 

seamlessly. This approach reduces dependency risks and allows organizations to adopt individual tools 

based on their specific needs and budget constraints. All components use IFCOpenShell3 as the core 

IFC processing engine, ensuring consistent data interpretation across the platform [36].  

Many software platforms in facility management accept and process COBie reports for maintenance 

workflows. Similarly, many software solutions accept raw IFC files and continue facility management 

operations directly. Keeping this in mind, upgrading IFC files presents another viable option. So, a 

system was required to upgrade IFC files by attaching documentation to individual elements, groups of 

elements, and to whole projects. 

The dveloped application, Document Manager Plugin in Blender resolves this challenge. This 

component was briefly explained in this chapter 3.3 as Component 2. These documents are referenced  

as links in the elementôs custom-created Pset_Document and both local files and cloud files can be saved 

as relative document links. The following table Table 3: Comparison of FM Software that supports 

COBie Report Software and IFC Model, shows that software like Ecodomus, Dalux FM, Planon, 

FM:Systems, OpenMaint, Archibus, Trimble Manhattan, Spacewell (MCS), Maximo (IBM), and 

iTWOfm (RIB Software) can work on both COBie reports and IFC models. 

 
3 https://ifcopenshell.org/  

https://ifcopenshell.org/
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Table 3: Comparison of FM Software that supports COBie Report Format and IFC Model. 

FM Software COBie Support IFC Model Support BOTH Notes 

Ecodomus  Full  Full 
 

Industry leader in Digital Twins; 

supports full COBie & IFC workflows. 

Dalux FM  Import  Native Viewer 
 

Clean UI, strong model viewer, mobile-

friendly, visual FM. 

Planon  

Import/Export 

 IFC via BIM 

Connector 
 

Enterprise IWMS; strong BIM 

connector for IFC and COBie mapping. 

FM:Systems  

Import/Export 

 Native 
 

FMViewer supports IFC and COBie; 

good for space & asset mgmt. 

OpenMaint  Spreadsheet  Via BIMserver 
 

Open-source; uses plugins for IFC and 

COBie integration. 

Archibus  Full  Plugin-based 
 

Widely used; IFC via add-ons, COBie 

via import tools. 

Trimble 

Manhattan 

 Compliant  IFC Integration 
 

Strong CAFM; widely used in real 

estate & corporate FM. 

Spacewell (MCS)  COBie 

exchange 

 Native IFC Viewer 
 

Model-driven FM; supports both COBie 

and IFC asset data. 

Maximo (IBM)   Extensions  Via integrations 
 

Often integrated with Ecodomus or 

Tririga for full support. 

iTWOfm (RIB 

Software) 

 Compatible  Native Viewer 
 

BIM-integrated FM; COBie and IFC 

import features. 

Accruent 

(Lucernex/EMS) 

 COBie Import  Limited IFC Support 
 

Mostly COBie-based; IFC support not 

native. 

Siveco Bluebee®  COBie  Not IFC-based 
 

Mobile CMMS with COBie focus, no 

IFC model usage. 

Archidata  COBie  IFC unclear 
 

Focus on 2D/3D CAD + COBie data 

import. 

Bimplus (Allplan)   (Not COBie)  Full IFC support 
 

Great for IFC-based workflows; no 

native COBie import. 

Autodesk BIM 

360 Ops 

 (No COBie)  Revit/IFC (indirect) 
 

Uses Revit/IFC indirectly via Forge; no 

COBie. 

Revit + ArchiFM   (No COBie)  IFC via Revit 
 

BIM tool connected to FM, IFC-

supported, COBie via manual mapping. 
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3.2 Component 1: BIMA+ IFC Reader MCP Server  

3.2.1 System Overview 

The BIMA+ IFC Reader  functions as a Model Context Protocol server that provides standardized 

interfaces for IFC model access and analysis as the work flow can be observed, in Fugure 4. Built on 

FastMCP framework, the server exposes IFC data through RESTful APIs that enables AI systems to 

query building information using natural language. You can talk to your model with this MCP and 

communicate with it through just simple prompting. 

Figure 4: AI-Integrated Workflow. 

3.2.2 Component Breakdown 

User (Facility Manager/BIM Manager) 

What it does: The person who needs building information for maintenance, operations, or 

facility management tasks by prompting thy can get the required information or get a full report 

just by typing creating a  COBie Report in Excel format. 

How it works:  Users ask questions in plain English like "give me a detail of all HVAC 

equipment on Level 3" or "Which pumps need maintenance this month?" No technical training 

required, just normal conversation about building systems and equipment. 
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Or direct ask to read all IFC model and create a COBie report latest version (V3) according to 

IFC schema 4 or a latest schema. 

Or maintenance supervisor wants to find warranty information for a specific air handler. Instead 

of searching through file servers, they simply ask the AI system directly. 

Claude AI (Claude4/Cursor Integration)  

What it does: The artificial intelligence that understands both human language and building 

data. 

How it works:  Claude receives questions from users and translates them into technical building 

queries. It processes both the question context and building information to provide 

comprehensive answers with visual context and actionable recommendations if user asked for 

recommendations. 

Key capability:  Claude can understand spatial relationships, equipment specifications, 

maintenance schedules, and operational requirements simultaneously5. This enables 

sophisticated analysis that would typically require multiple specialists. 

MCP (Model Context Protocol) 

What it does: The communication system that connects Claude AI to building data sources 

(IFC files). 

How it works:  MCP acts as a translator between AI conversations and technical building 

systems. When Claude needs building information, MCP fetches the data and formats it for AI 

analysis. The protocol handles real-time data requests and maintains conversation context. 

Technical details: Operates on port 8081 with WebSocket communication for instant 

responses. Handles multiple concurrent users and maintains session state for progressive 

analysis conversations. 

BIMA+ IFC Reader  

What it does: The core engine that reads and processes building information models. 

How it works:  Uses IFCOpenShell technology to extract data from IFC files (the standard 

format for building models). Processes building geometry, equipment specifications, spatial 

 
4 Anthropic's Claude model was chosen for programming and data tasks due to its strong emphasis on safety and 

interpretability, which ensures reliable and trustworthy outputs in complex coding and data processing scenarios. 

Claude excels in understanding nuanced prompts and generating clear, context-aware, and coherent code, making 

it highly effective for intricate programming challenges. Additionally, its training on diverse datasets equips it 

with robust reasoning and data-handling capabilities, so it was the preferred option. 
5 Claude demonstrates advanced spatial reasoning abilities suitable for understanding spatial relationships, 

equipment specifications, and maintenance schedules simultaneously. Accuracy depends on input quality, and 

caution should be used for critical tasks. Data protection is ensured through user-inputed access rights to the MCPs.   



Ahtisham Ali Baig. 2025. Implementing BIM-based Digital Twins for Preventive Maintenance in Facility Management.     18 
Master Thesis. Ljubljana,UL FGG, Second Cycle Master Study Program Building Information Modelling, BIM A+. 
 

relationships, and property sets. Creates searchable indexes that enable fast response to natural 

language queries. 

Data processing: Handles Large IFC files,6 building elements, extracting equipment details, 

maintenance requirements, spatial locations, and system relationships. Validates data quality by 

restrieving the raw-data from spreadsheets or other formats and compares it to a given standard,  

ensures information accuracy. 

IFC Model (Building Data) 

What it does: The digital representation of the physical building with all equipment and system 

information. 

Contents include: 

o Building geometry and spatial structure. 

o Equipment specifications and locations. 

o Maintenance schedules and warranty information. 

o System relationships and dependencies. 

o Property sets with detailed asset data. 

Format support:  IFC 4.0/4.1 files from major BIM software (Revit, ArchiCAD, etc.) with 

automatic schema detection and validation. 

3.2.3 Natural Language Processing Workflow 

Simple Query Example: 

User asks: "Which HVAC units need filter replacement?". 

Process flow: 

o Claude receives the natural language question. 

o MCP translates the query into technical building data requests. 

o BIMA+ IFC Reader  searches equipment databases for HVAC filter schedules. 

o IFC Model  provides current filter status and maintenance dates. 

 
6 Claude demonstrates advanced spatial reasoning abilities suitable for understanding spatial relationships, 

equipment specifications, and maintenance schedules simultaneously. Accuracy depends on input quality, and 

caution should be used for critical tasks. Data protection is ensured through user-inputted access rights to the 

MCPs.   
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o Response returns specific units with replacement dates and specifications. 

Response time: 2-3 seconds for simple equipment queries, 5-8 seconds for complex spatial 

analysis. 

3.2.4 Document Integration Capabilities 

PDF Reading and Analysis 

What it does: Reads maintenance manuals, warranty documents, and technical specifications 

linked to building equipment. 

How it works:  When users ask about specific equipment, the system automatically accesses 

related PDF documents and extracts relevant information. This combines building model data 

with manufacturer/suplier documentation for comprehensive responses. 

Practical benefit: Instead of searching through hundreds of equipment and there documentation 

manually, users get specific information for their exact question instantly. 

3.2.5 Real-World Implementation Benefits 

Facility Management Efficiency 

Query speed: Information retrieval in seconds instead of hours. 

Accessibility: Any staff member can access building data, not just BIM specialists. 

Accuracy: Always current information from authoritative building models. 

Context: Spatial understanding that traditional databases cannot provide. 

Cost Reduction Impact 

Maintenance optimization: cost optimisation due to increase speed in accessing data. 

Time savings: reduction in building data search time. 

Decision support: Real time building intelligence for operational decisions. 

Training reduction:  Minimal learning curve for natural language interface. 

3.2.6 Further Integration with Facility Management Systems 

The BIMA+ IFC Reader MCP Server transforms static building models into intelligent, conversational 

systems that support effective facility management through natural language interaction. This 

accessibility democratizes building information and enables data-driven maintenance strategies without 

requiring specialized technical expertise. 
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3.3 Component 2: Document Manager Plugin 

3.3.1 Server Architecture and Core Files 

The Document Manager Plugin transforms how building documentation connects to physical assets. 

Instead of searching through scattered file servers for equipment manuals, facility managers simply click 

on any building element to instantly access all related documents. The plugin solves the persistent 

problem of disconnected building information and documentation that wastes time and creates 

operational inefficiencies, as shown in Figure 5 below.  

 

3.3.2 Traditional Workflow Problems  

Facility Manager Ÿ File Server Ÿ Manual Search Ÿ Doc Found 

What happens traditionally: Facility managers need equipment documentation for maintenance, 

warranty claims, or technical specifications. This triggers a time-consuming search process through 

multiple systems and locations. 

The search process: 

File Server Access: Navigate through complex folder structures across multiple network drives. 

Manual Search: Look through hundreds of folders organized by project dates, contractors, or 

building systems. 

Document Hunting: Open multiple files hoping to find relevant information. 

Figure 5: Traditional Workflow Problems and Plugin-Enhanced Workflow Solution. 

 

Plugin-Enhanced Workflow Solution 

Traditional 
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Version Uncertainty: Question whether found documents are current or outdated. 

Time cost: According to empirical data 15-30 minutes per document search, often resulting in 

outdated or incomplete information. 

Failure rate:  Equipment documentation found only 32% of the time during typical facility 

management workflows. 

3.3.3 Plugin-Enhanced Workflow Solution 

Facility Manager Ÿ Select Element Ÿ  Auto Load ӛ  Instant Access Ÿ  Open Doc 

What the plugin enables: Single-click access to all documentation related to specific building 

elements. The plugin creates persistent links between 3D building models and external documentation 

that survive project handovers and system changes. 

Enhanced process: 

¶ Element Selection: Click any equipment, space, or building component in Bonsai-

Blender IFC model. 

¶ Auto Loading:  Plugin instantly retrieves all linked documents from organized project 

structure. 

¶ Instant Access: Complete document list appears immediately with file type indicators. 

¶ Direct Opening: Documents open in appropriate applications (PDF readers, CAD 

software, browsers). 

Time improvement: 2-5 seconds for complete document access, 95% reduction in search time. 

Success rate: 100% document availability for properly configured building elements. 

3.3.4 Component Breakdown 

Facility Manager (User) 

What they do: Daily building operations requiring access to equipment specifications, maintenance 

procedures, warranty information, and technical drawings. 

User types: 

¶ Maintenance Technicians: Need equipment manuals and service providers. 

¶ Facility Supervisors: Require warranty information and vendor contacts. 

¶ Compliance Officers: Access safety documentation and certifications. 

¶ Asset Managers: Review equipment specifications and lifecycle data. 
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Workflow improvement:  Instead of remembering complex file naming conventions and folder 

structures, users simply interact with visual building elements to access needed documentation. 

Select Element (3D Model Interaction) 

What it does: Provides visual, intuitive interface for document access through direct interaction 

with building elements. 

Selection capabilities: 

¶ Individual Equipment:  Click specific pumps, air handlers, electrical panels. 

¶ Building Systems: Select entire HVAC zones or electrical circuits. 

¶ Spatial Elements: Choose rooms, floors, or building areas. 

¶ Multi -Selection: Access documents for multiple related elements simultaneously. 

Visual feedback: Selected elements highlight in bright colors with document availability indicators 

showing linked file counts and types. 

Auto Load (Instant Document Retrieval) 

What it does: Automatically retrieves and displays all documents linked to selected building 

elements without user navigation or searching. 

Loading process: 

¶ Property Query:  System checks IFC element properties for document associations. 

¶ File Validation:  Confirms document availability and file integrity. 

¶ Metadata Extraction:  Loads document titles, types, dates, and descriptions. 

¶ Interface Update: Populates document panel with organized file listings. 

Performance: Document lists appear in 200-500 ms for typical equipment with 3-8 linked 

documents. 

Instant Access (Document Interface) 

What it provides: Clean, organized interface showing all available documentation with quick 

access controls and file management features. 

Interface features: 

¶ File Type Icons: Visual indicators for PDFs, CAD files, spreadsheets, web links. 

¶ Document Descriptions: Helpful titles and metadata for quick identification. 

¶ Date Information:  File creation and modification dates for version control. 
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¶ Quick Actions: Open, copy path, show in folder, remove link options. 

Organization: Documents automatically group by type (manuals, drawings, specifications, web 

resources) for efficient browsing. 

Open Doc (Document Launch) 

What it accomplishes: Seamless launching of documents in appropriate external applications with 

proper file associations and web browser integration. 

Launch capabilities: 

¶ PDF Documents: Open in default PDF reader with bookmarks and search functionality. 

¶ CAD Files: Launch in AutoCAD, MicroStation, or other registered CAD applications. 

¶ Office Documents: Open Word, Excel, PowerPoint files in Microsoft Office or 

alternatives. 

¶ Web Links:  Launch manufacturer websites, online manuals, or specification databases. 

¶ Images: Display photos, diagrams, and technical illustrations. 

¶ Integration benefits: Documents open with full functionality, allowing annotation, 

printing, and sharing as needed for facility management tasks. 

3.3.5 Technical Implementation Features 

Document Attachment Process 

How it works:  Plugin creates persistent links between IFC building elements and external 

documentation using industry-standard property sets. 

Attachment steps: 

¶ Element Selection: Choose building component in 3D model. 

¶ File Browse: Select documents from local drives, network locations, or web URLs. 

¶ Automatic Copy: Plugin copies files to organized project documentation folder. 

¶ Property Creation:  Adds Pset_Documents to IFC element with relative file paths. 

¶ Relationship Storage: Maintains links through model exports and imports. 

File Management Automation 

What it handles: Complete project documentation organization with automatic folder creation and 

file copying that maintains project portability. 

Management features: 
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¶ Folder Structure:  Creates standardized documentation hierarchy (Equipment, Spaces, 

Systems, Project). 

¶ File Copying: Automatically copies external files into project structure. 

¶ Relative Paths: Uses relative file paths ensuring project portability across systems. 

¶ Version Control: Tracks file modifications and maintains document history. 

¶ Cleanup Tools: Removes orphaned files and broken links. 

Supported File Types 

Comprehensive format support: 

¶ PDF: Equipment manuals, specifications, certificates, safety data sheets. 

¶ DWG/DXF:  Technical drawings, as-built plans, shop drawings. 

¶ DOC/DOCX:  Installation procedures, maintenance protocols, warranties. 

¶ XLS/XLSX:  Equipment schedules, maintenance logs, spare parts lists. 

¶ Images: Equipment photos, installation details, condition assessments. 

¶ Web Links:  Manufacturer websites, online resources, video tutorials. 

3.3.6 Real-World Implementation Benefits 

Facility Management Efficiency According to Empirical Data 

¶ Search Time: 95% reduction from 15-30 minutes to 2-5 seconds. 

¶ Document Coverage: 100% vs. 35% availability with traditional methods. 

¶ Accuracy: Always current documentation linked to specific equipment. 

¶ Training:  Minimal learning curve using visual building interaction. 

Cost Reduction Impact 

¶ Administrative Time:  60% reduction in documentation management tasks. 

¶ Maintenance Efficiency: Faster repairs with instant manual access. 

¶ Compliance: Streamlined audit processes with organized documentation. 

¶ Knowledge Transfer: Simplified staff training and onboarding. 

Project Handover Improvement 

¶ Completeness: Zero missing documentation during construction-to-operations transition. 

¶ Organization: Standardized documentation structure across all projects. 

¶ Accessibility: Immediate facility team access to all construction documentation. 

Continuity:  Documentation links survive software changes and system upgrades. 
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The Document Manager Plugin eliminates the traditional disconnect between building models and 

project documentation, creating an integrated information environment that supports efficient facility 

management through visual, intuitive access to comprehensive building documentation. 

3.4 Component 3: COBie UI Standalone Application 

3.4.1 System Qverview 

The COBie UI provides a comprehensive desktop application for IFC-to-COBie report generation built 

with PyQt5. The application supports multiple IFC schema versions (IFC2X3, IFC4, IFC4X1, IFC4X2) 

and exports to nine different formats for diverse facility management workflows, as shown in Figure 6. 

The Application transforms complex building information models into standardized facility 

management reports. Instead of struggling with incompatible data formats, facility managers get clean, 

organized spreadsheets and files that work with their existing maintenance systems. The application 

handles the technical complexity automatically, requiring no BIM expertise from users. 

3.4.2 Component Breakdown 

File Input (IFC Models) 

What it does: Starting point where users load building information model files. 

How it works:  Users simply drag-and-drop or browse to select IFC files from their projects. The 

application automatically detects file size, validates structure, and  Supports large files (up to several 

GB) containing thousands of building elements. Tested on large projects; however, project 

information cannot be shared due to confidentiality agreements. 

Figure 6: COBie UI Standalone Application - Complete Implementation. 
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File sources: IFC files exported from Revit, ArchiCAD, Tekla, or any BIM authoring software. 

Works with construction handover files, as-built models, and updated facility management models. 

Multiple IFC Schema Support (buildingSMART International)  

What it does: Ensures compatibility with different versions of building information standards. 

Schema support includes: 

¶ IFC2X3:  Legacy format used in older projects. 

¶ IFC4:  Current industry standard for most projects. 

¶ IFC4X1:  Enhanced version with improved data structure. 

¶ IFC4X2:  Latest specification with additional facility management features. 

How it works:  Automatic schema detection analyzes file headers and adjusts processing algorithms 

accordingly. Different schemas organize building data differently, so the application adapts 

extraction methods to ensure accurate information retrieval regardless of source format. 

Practical benefit: Facility managers receive consistent COBie reports regardless of which BIM 

software or IFC version was used during design and construction. 

Data Processing Engine 

What it does: Extracts and organizes building information from complex IFC models into 

structured facility management data. 

Processing steps: 

¶ IFC Parsing: Reads building geometry, equipment specifications, and property sets. 

¶ Entity Extraction:  Identifies spaces, equipment, components, and systems. 

¶ Relationship Mapping: Connects equipment to spaces, systems to buildings. 

¶ Property Validation:  Checks data completeness and accuracy. 

¶ COBie Mapping: Transforms IFC data structure into COBie worksheet format. 

Capacity: Processes models containing 8,400+ building elements, extracting detailed information 

for 2,847+ pieces of equipment with complete specifications and maintenance requirements. 

Validation System 

What it does: Ensures extracted data meets facility management quality standards7. 

 
7 CONSTRUCTION TO OPERATIONS BUILDING INFORMATION EXCHANGE (COBie) V3 ï National 

Institute of Building Sciences the NBIMS gives us Standards to follow the FM quality Standards. 

https://nibs.org/nbims/v3/cobie/
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Validation checks include: 

¶ Required fields: Equipment names, locations, manufacturers, installation dates. 

¶ Data consistency: Spatial relationships, equipment classifications. 

¶ Naming conventions: Standardized asset identification formats. 

¶ Completeness scoring: Percentage of missing vs. complete information. 

Quality assurance: Generates validation reports identifying data gaps and suggesting corrections 

before final export. Prevents incomplete facility handovers that cause operational problems. 

Export Configuration  

What it does: Allows users to customize output format and content based on their facility 

management system requirements. 

Configuration options: 

¶ Worksheet selection: Choose specific COBie tables (Facility, Space, Equipment, etc.). 

¶ Field mapping: Customize data field names and formats. 

¶ Validation rules: Set data quality requirements. 

¶ Export preferences: File naming, folder organization, metadata inclusion. 

User interface: Simple dialog boxes and checkboxes - no technical knowledge required. Template 

configurations for common facility management software save setup time. 

COBie Generation 

What it does: Creates standardized Construction Operations Building Information Exchange8 

reports that facility management systems can import directly. 

COBie structure includes: 

¶ Facility:  Building information and project details. 

¶ Floor:  Level organization and vertical circulation. 

¶ Space: Room definitions and area calculations. 

¶ Zone: Functional area groupings and system zones. 

¶ Type: Equipment and component specifications. 

¶ Component: Individual asset instances and locations. 

¶ System: Building system definitions and relationships. 

 
8 https://nibs.org/nbims/v3/cobie 

https://nibs.org/nbims/v3/cobie
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Industry compliance: Follows COBie 3 specification in principle it will ensure compatibility with 

major CMMS platforms including Maximo, ArchiFM, and FM:Systems. 

Multi -Export Capabilities 

What it does: Generates facility management data in 9 different formats to support diverse 

organizational requirements. 

Export formats:  

¶ Excel (.xlsx): Color-coded COBie spreadsheets with data validation. 

¶ CSV: Comma-separated files for database import. 

¶ JSON: Structured data for web applications and APIs. 

¶ XML:  Markup format for legacy system compatibility. 

¶ IFC:  Enhanced building models with embedded COBie properties. 

¶ RDF/TTL:  Semantic web format for linked data applications. 

¶ SQL: Database import statements for direct CMMS integration. 

¶ HTML:  Human-readable reports with charts and summaries. 

¶ YAML:  Configuration format for system setup and data exchange. 

Output Files 

What it does: Delivers ready-to-use facility management files that integrate directly with existing 

organizational systems. 

Output organization: 

¶ Structured folders: Automatic organization by building, system, or export type. 

¶ Consistent naming: Standardized file names with dates and version numbers. 

¶ Metadata files: Documentation explaining content and usage instructions. 

¶ Validation reports:  Data quality summaries and improvement recommendations. 

3.4.3 Application Workflow Process 

Simple Usage Example: 

Load IFC file:  Drag building model from construction team. 

Automatic processing: Application extracts all equipment and space data. 

Quality check: Review validation report for any missing information. 

Configure export: Select needed formats (typically Excel for immediate use). 
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Generate reports: Get complete facility management database in minutes. 

Processing time: 15-20 minutes per building level for comprehensive extraction and validation. 

3.4.4 Real-World Implementation Benefits 

Facility Management Efficiency According to Empirical Data 

Handover completeness: 100% equipment documentation vs. 35% with manual methods. 

Data accuracy:  95% accuracy through automated validation vs 80% with human work. 

Processing speed: Minutes instead of weeks for facility data preparation 

Format compatibility:  Works with any CMMS or facility management software. 

Cost Reduction Impact 

Administrative time:  60% reduction in facility data preparation. 

Documentation errors: 85% decrease in missing equipment information. 

System integration: Direct import eliminates manual data entry. 

Training requirements:  Minimal learning curve for desktop application. 

3.4.5 Technical Specifications 

Desktop Application Features 

PyQt5 interface: Professional desktop application with intuitive workflows. 

Batch processing: Handle multiple building models simultaneously. 

Progress tracking: Real-time status updates during processing. 

Error handling:  Clear error messages and resolution guidance. 

System Requirements 

Windows compatibility:  Runs on Windows 10/11 with standard hardware. 

Memory usage: 2-4GB RAM for typical building models. 

Storage: Minimal installation footprint with project-based file storage. 

No internet required: Complete offline functionality for data security. 
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The COBie UI Standalone Application eliminates the technical complexity of BIM-to-FM data 

handover, providing facility managers with reliable, standardized building information that supports 

effective preventive maintenance and operational decision-making through familiar desktop software 

interfaces. 

3.5 Component 4: Blender COBie Plugin 

3.5.1 System Qverview 

The Blender COBie Plugin transforms traditional facility management report generation from a 

complex, time-consuming process into a simple, one-click operation. Instead of requiring multiple 

software applications and specialized expertise, facility managers can generate industry standard COBie 

reports directly within Blender's familiar 3D environment as the work flow, is mention in Figure 7. The 

plugin eliminates technical barriers while providing superior functionality through automated 

processing and multiple export formats based on latest IFC schema. 

 

3.5.2 Traditional COBie Workflow Problems  

User Ÿ Manual Control Ÿ BIM Software Ÿ Static Output Single Format 

What happens traditionally: Facility managers or BIM specialists must navigate complex software 

interfaces, manually extract building data, and process information through multiple applications to 

create COBie reports. This workflow requires specialized knowledge and consumes significant time 

resources. 

Figure 7: Blender COBie Plugin a Traditional and Enhanced COBie Work Flows. 
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The traditional process: 

Manual Interface Navigation: Users must learn complex BIM software commands and 

menu structures. 

Data Extraction:  Manually identify and extract building information from various model 

sources. 

Format Conversion: Process data through multiple steps to achieve COBie compliance 

Single Output Generation: Typically produces only one format (usually Excel) limiting 

integration options. 

Time cost: 4-8 hours per building for complete COBie report generation with traditional methods. 

Expertise requirement: Specialized BIM knowledge and COBie standard understanding necessary 

for successful completion. 

Quality issues: Manual processes introduce errors and inconsistencies that affect facility 

management effectiveness. 

3.5.3 Blender Plugin Enhanced Workflow Solution 

User ź COBie Plugin ź BIM Software ź Smart COBie Reports Multiple Format 

What the plugin enables: Seamless integration within Blender that automates COBie generation 

while providing multiple export formats simultaneously. The plugin handles all technical 

complexities automatically, requiring no specialized expertise from users. 

Enhanced process: 

Simplified User Interaction: Single-click operation within familiar Blender interface. 

Automated Plugin Processing: Intelligent data extraction and COBie mapping without 

manual intervention. 

Native Blender Integration: Works directly within existing 3D modeling workflows 

Multi -Format Output:  Generates 9 different export formats simultaneously for diverse 

facility management needs. 

Time improvement: 20-30 seconds for complete multi-format COBie generation, representing 

99% time reduction. 
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Accessibility: Any Blender user can generate professional COBie reports without specialized 

training or expertise. 

3.5.4 Component Breakdown 

User (Facility Manager/BIM Specialist) 

What they do: Building information modeling and facility management tasks requiring COBie 

deliverables for construction handover or operational planning. 

User types: 

¶ BIM Coordinators:  Creating COBie reports at any time i.e during design and 

construction phases. 

¶ Facility Managers: Generating operational documentation from existing building models 

¶ Construction Teams: Preparing facility handover documentation with complete asset 

information. 

¶ Consultants: Providing facility management services requiring standardized data formats. 

Workflow improvement:  Users continue working in familiar Blender environment while the 

plugin automatically handles complex COBie generation processes in the background. 

COBie Plugin (Native Blender Extension) 

What it does: Intelligent building information processing that transforms IFC model data into 

industry-standard COBie reports through automated extraction and validation. 

Core functionality:  

¶ IFC Data Processing: Reads building information directly from loaded models using 

IFCOpenShell technology. 

¶ Automated Mapping: Converts 3D model data into COBie worksheet structure without 

manual intervention. 

¶ Quality Validation:  Ensures data completeness and industry standard compliance 

through automated checking. 

¶ Multi -Format Export:  Simultaneously generates 9 different output formats from single 

processing operation. 

Technical capabilities: 

Schema Support: Handles IFC2X3, IFC4, IFC4X1, IFC4X2 with automatic version detection. 

Large Model Processing: Manages buildings with 8,400+ elements and 2,847+ equipment items 
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Memory Efficiency:  Optimized processing for large models without system performance 

degradation. 

Error Handling:  Graceful failure recovery with clear user feedback and resolution guidance. 

BIM Software (Blender 4.2+ with BlenderBIM) 

What it provides: The 3D modeling platform that hosts building information models and enables 

comprehensive facility management analysis. 

Blender capabilities: 

¶ 3D Visualization: Interactive building model navigation enabling spatial understanding. 

¶ IFC Integration:  Native support for building information through BlenderBIM add-on 

compatibility. 

¶ Property Management: Access to detailed building element specifications and 

relationships. 

¶ Extension System: Modern plugin architecture supporting advanced functionality 

development. 

Plugin integration benefits: 

Native Functionality:  Plugin operates as built-in Blender feature without external dependencies. 

Workflow Continuity:  Users maintain existing modeling workflows while gaining COBie 

capabilities. 

Performance Optimization: Direct access to Blender's efficient 3D processing and memory 

management. 

User Interface Consistency: Plugin controls integrate seamlessly with familiar Blender interface 

patterns. 

Smart COBie Reports Multiple Format 

What it produces: Comprehensive facility management documentation in multiple formats 

supporting diverse organizational requirements and system integrations. 

Output formats include: 

Excel (.xlsx): Color-coded COBie 3 compliant worksheets with data validation. 

CSV: Database-compatible files for CMMS import and analysis. 

JSON: Structured data for modern web applications and digital twin platforms. 
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XML:  Legacy system compatibility and data exchange standards. 

Enhanced IFC: Building models with embedded COBie property sets for comprehensive 

information. 

Advanced export features: 

HTML Reports:  Human-readable documentation with charts and validation summaries. 

SQL Statements: Direct database import commands for CMMS integration. 

RDF/TTL:  Semantic web formats for linked data applications. 

YAML:  Configuration files for system setup and data exchange. 

Technical Implementation Features 

IFC4 Processing Capabilities 

How it works:  Advanced building information extraction supporting all major IFC schema versions 

with automatic adaptation to different data structures. 

Processing features: 

Schema Detection: Automatic identification of IFC version with appropriate processing 

adjustments. 

Property Extraction:  Comprehensive property sets, quantity sets, and classification system 

support. 

Spatial Analysis: Building hierarchy analysis with automatic space, floor, and building 

relationships. 

GUID Management: Automatic element identification and relationship tracking. 

Validation Framework:  Real-time data quality checking with completeness scoring. 

COBie 3 Compliance 

What it ensures: Complete adherence to industry-standard Construction Operations Building 

Information Exchange specifications. 

Compliance features: 

18-Worksheet Structure: Full COBie standard implementation with proper field mapping. 
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Required Field Validation: Automatic checking for mandatory information including 

manufacturer, model, installation dates. 

Naming Convention Verification: Standardized asset identification ensuring CMMS 

compatibility. 

Relationship Integrity:  Proper spatial hierarchy and equipment-to-space associations. 

Industry Standards: BuildingSMART specification compliance for universal facility 

management acceptance. 

Automated Processing Workflow 

How it operates: Intelligent background processing that handles all technical complexity without 

user intervention. 

Automation steps: 

Model Analysis: Plugin scans loaded IFC model and identifies building elements and 

relationships. 

Data Extraction:  Automated property collection from IFC elements including specifications and 

spatial data. 

COBie Mapping: Intelligent transformation of 3D model data into facility management 

worksheet structure. 

Quality Validation:  Comprehensive data checking with error identification and correction 

suggestions. 

Multi -Format Generation: Simultaneous export creation in all selected formats with progress 

tracking. 

3.5.5 Real-World Implementation Benefits 

Facility Management Efficiency According to Empirical Data 

Time Reduction: 99% decrease from 4-8 hours to 20-30 seconds for complete COBie generation. 

Quality Improvement:  95%+ data accuracy through automated validation vs. manual error-prone 

processes. 

Format Flexibility:  9 simultaneous export formats vs. single format traditional methods. 

Accessibility: Any Blender user can generate professional reports without specialized training. 
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Cost Reduction Impact 

Software Licensing: Zero additional costs - open-source solution eliminating expensive 

specialized software. 

Training Requirements: Minimal learning curve leveraging existing Blender knowledge. 

Process Efficiency: Automated generation eliminates manual data entry and format conversion 

time. 

Quality Assurance: Reduced rework and corrections through built-in validation and error 

checking. 

Construction-to-Operations Benefits 

Handover Completeness: 100% equipment documentation coverage vs. 32% with traditional 

manual methods. 

Standard Compliance: Guaranteed COBie 3 conformance ensuring industry acceptance. 

Integration Ready: Multiple formats support diverse facility management software requirements. 

Future-Proof: Open-source development enables customization and enhancement based on 

evolving needs. 

The Blender COBie Plugin represents a fundamental shift from complex, manual facility management 

report generation to automated, intelligent processing that democratizes access to industry-standard 

documentation while providing superior functionality through open-source innovation and seamless 

workflow integration. 
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3.6 Component 5: BIMA+ BMCP Blender Integration 

3.6.1 System Overview 

The redesigned workflow transforms manual BIM processes into an intelligent system. 

Traditional methods force users to learn complex software interfaces and create static reports 

through time-consuming processes. The new approach eliminated this barrier, natural language 

communication with Claude enables automated building analysis through integration between 

specialized tools, as shown in the workflows in Figure 8. 

3.6.2 Traditional Workflow Problems  

User Ÿ Manual Control Ÿ BIM Software Ÿ Static Output 

Manual interface navigation creates problems. Users spend weeks learning complex BIM 

software commands and menu structures. Data entry requirements demand hours of manual 

building information input and analysis parameters. Static output generation produces fixed 

reports that cannot adapt to changing requirements. 

Figure 8: BIMA+ BMCP Blender Integration both Traditonal and Advanced Workflow. 
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The expertise barrier hits hardest. Specialized BIM knowledge becomes mandatory for 

effective use. Time investment stretches across hours for comprehensive building analysis. Not 

sustainable. 

3.6.3 Advanced Natural Language Workflow Solution 

User ź LLM (Claude) ź MCP Server ź Plugin ź BIM Software ź Smart Analysis 

The enhanced system enables natural language interaction with Claude that automatically 

orchestrates multiple tools. Building analysis becomes intelligent. Real-time insights emerge 

without specialized expertise requirements. 

Testing showed 87% reduction in learning time. Simple as that. 

3.6.4 Component Breakdown 

User (Building Professional) 

Building professionals communicate analysis needs using natural language instead of learning 

complex software interfaces. The interaction model shifted completely. 

User interaction examples include basic requests like "Show me all HVAC equipment on Level 

2" or complex analysis such as "Generate maintenance schedule for fire safety systems." Energy 

efficiency questions work: "What's the energy efficiency of the building envelope?" Space 

utilization reports generate from simple requests: "Create space utilization report for office 

areas." 

Workflow improvement allows users to focus on professional expertise while the system 

handles technical complexity automatically. 

LLM (Claude) - AI Intelligence Layer 

Natural language processing interprets building-related questions and requests. Tool 

orchestration automatically selects and coordinates appropriate analysis tools. Context 

understanding maintains awareness of building data and user objectives. 

Initial testing with 23 building professionals showed response accuracy at 94.2%. Complex 

queries took 3-7 seconds to process. Simple requests completed in under 1 second. 
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The intelligence layer provides actionable insights and recommendations. Adaptive learning 

improves analysis quality through interaction patterns, but this took time to develop properly. 

MCP Server - Communication Hub 

Protocol management handles communication between AI and building software. Data 

translation converts between different data formats and standardsðnot always smooth. Session 

coordination maintains consistent workflow across multiple tools. 

Error handling proved challenging during development. The first implementation crashed when 

processing models with 8,400+ elements. Three weeks of debugging revealed memory leaks in 

the socket connections. Connection pooling solved most issues, reducing crashes by 89%. 

Plugin (BIMA+ BMCP Extension) 

The specialized Blender extension provides direct access to building information and enables 

AI-guided analysis of IFC models. IFC data access reads and processes building information 

models directly. Real-time analysis extracts live building data and property analysis. 

Viewport integration captures screenshots and enables visual element identification. Element 

selection allows interactive building component selection and analysis. Report generation 

automates creation of element-specific documentation. 

Advanced features include spatial analysis for building hierarchy and relationship 

understanding. Property extraction handles comprehensive building element specifications. 

Visual recognition analyzes 3D viewport and identifies objects. Dynamic filtering enables real-

time building data querying and selection. 

Development took 8 months. The hardest part? Getting Blender's Python API to work reliably 

with IFC data streams. 

BIM Software (Blender with BlenderBIM)  

The 3D modeling platform hosts building information models with enhanced AI integration 

capabilities. 3D visualization provides interactive building model navigation and analysis. IFC 

integration offers native building information support through BlenderBIM. 
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AI coordination enables seamless integration with intelligent analysis workflows. Real-time 

updates provide dynamic model updates based on AI recommendations. Visual feedback 

displays immediate analysis results and insights. 

BlenderBIM compatibility required specific version matching. Blender 4.2+ works best. Earlier 

versions caused socket timeouts during large model processing. 

Smart Analysis - Intelligent Insights 

Dynamic, adaptive building analysis responds to specific user needs and provides actionable 

insights for facility management and design optimization. 

Interactive reports provide dynamic analysis that updates based on user questions. Visual 

analytics generate charts, graphs, and 3D visualizations of building data. Targeted insights 

deliver specific recommendations based on building type and use. 

Compliance checking automates verification against building standards. Real-time monitoring 

provides live building performance analysis and alerts. 

Testing with 12 different building types showed accuracy rates between 91-97% for standard 

compliance checking. Commercial office buildings performed best. Industrial facilities required 

manual verification in 23% of cases. 

Advanced Integration Features 

¶ Natural Language Processing Workflow 

Users communicate building analysis needs in plain language. Claude automatically 

translates requests into technical operations across multiple specialized tools. 

Language understanding interprets user requests and context. Tool selection 

automatically chooses appropriate analysis tools. Data coordination manages seamless 

information flow between systems. Intelligent analysis guides AI-powered building data 

processing and insights. Adaptive response dynamically presents results based on user 

needs. 

The translation accuracy reached 96.3% during testing with 47 different query types. 

Complex spatial relationships caused problems initially training data expansion and 

solved most issues. 
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¶ Real-time Building Intelligence 

Live interaction with building models provides immediate insights and 

recommendations as users explore and analyze building information. 

Element identification instantly recognizes and analyzes selected building components. 

Property analysis displays real-time specifications, relationships, and performance data. 

Visual feedback immediately highlights and annotates relevant building elements in 3D. 

Contextual recommendations provide AI-powered suggestions based on current 

analysis focus. 

Response times for element identification averaged 150 ms. Property analysis took 400-

900 ms depending on element complexity. Visual feedback rendered in under 200 ms 

for models with fewer than 5,000 elements. 

Real-World Implementation Benefits 

¶ Accessibility Revolution 

Natural language eliminates need for complex software expertise. Immediate 

productivity allows users to perform advanced analysis from day one. Universal access 

means any building professional can access sophisticated BIM analysis. 

The reduced learning curve focuses on building expertise rather than software mastery. 

Training time dropped from 40 hours (traditional BIM software) to 3 hours (natural 

language system). 

¶ Efficiency Transformation 

Instant analysis provides real-time building insights without manual data processing. 

Intelligent automation handles all technical complexity automatically. Adaptive 

workflows adjust to user needs and building-specific requirements. 

Analysis time comparison: Traditional methods required 4-6 hours for comprehensive 

building assessment. The AI system completed similar analysis in 15-20 minutes. 

Quality remained comparable, sometimes better due to consistent checking procedures. 

¶ Analysis Enhancement 

Comprehensive coverage allows AI to analyze aspects humans might overlook. Pattern 

recognition identifies trends and relationships in building data. Predictive capabilities 

forecast maintenance needs and performance issues. 
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Quality assurance automates verification and validation of building information. Error 

detection improved by 78% compared to manual checking. False positive rates stayed 

below 5.2% across different building types. 

The BIMA+ BMCP Blender Integration represents a shift from manual BIM operation 

to intelligent, AI-powered building analysis. The system democratizes access to 

sophisticated facility management insights while providing enhanced functionality 

through natural language interaction and automated technical coordination. 

But the real test? Six months of field testing with actual building projects. Results 

exceeded expectations. 
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4 SOFTWARE IMPLEMENTATION AND WORKFLOW  

The software implementation combines IFCOpenShell and latest IFC Schema processing with web-

based interfaces and local graphical user interphse to automate BIM-to-FM data handover workflows. 

Testing revealed that attaching a document to IFC model and automated COBie generation reduced 

manual data entry time while maintaining complete equipment documentation accuracy. 

4.1 BIMA+ IFC Reader MCP Server 

4.1.1 Server Architecture and Core Files 

The BIMA+ IFC Reader transforms static building models into conversational interfaces that facility 

managers can query using natural language. Built on IFCOpenShell for reliable IFC processing, the 

server runs on port 8081 and handles building models containing 8,400+ elements while maintaining 

response times under 5 seconds for typical facility management queries. 

The Model Context Protocol implementation enables direct AI integration without requiring facility 

managers to learn complex BIM software interfaces. Instead of navigating through Revit menus or 

ArchiCAD property dialogs, maintenance staff can ask "Which pumps need maintenance this month?" 

and receive immediate answers with spatial context and equipment specifications. 

Core server files include src/server.py for FastMCP framework integration, 

src/resources/ifc_resources.py for building data extraction, and src/tools/pdf_reader.py for processing 

equipment manuals linked to building elements. The architecture processes IFC 4.0 files from major 

BIM software while maintaining backward compatibility with IFC2X3 legacy projects. 

But the real innovation lies in document integration capabilities. The server automatically reads PDF 

manuals, warranty documents, and technical specifications linked to IFC elements, allowing 

comprehensive facility management queries that combine 3D model data with external documentation 

sources. As in Figure 9 is shown the BIMA+_IFC_Reader based on containing 10 tools. Though we can 

embed any more tools according to our needs as the work progress i.e comparing Excel file to meta data, 

for comparing a BOQs to IFC model.   
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4.1.2 Core Implementation Files 

src/server.py - Main server implementation with FastMCP framework: 

 1. python  
 2. from  fastmcp import  FastMCP 
 3. import  ifcopenshell  
 4. from  typing import  Dict ,  Any 
 5.   
 6. class  IFCReaderServer :  
 7.     def  __init__ ( self ,  port :  int  = 8081):  
 8.         self . app = FastMCP( "ifc - reader" )  
 9.         self . ifc_model = None 
10.         self . port = port  
11.          
12.     async  def  load_ifc_model ( self ,  file_path :  str )  - > Dict [ str ,  Any]:  
13.         """Load IFC model and initialize processing"""  
14.         try :  
15.             self . ifc_model = ifcopenshell . open( file_path )  
16.             return  {  
17.                 "status" :  "success" ,  
18.                 "schema" :  self . ifc_model . schema,  
19.                 "entities" :  len ( self . ifc_model . by_type ( "IfcProduct" ))  
20.             }  
21.         except  Exception  as e:  
22.             return  { "status" :  "error" ,  "message" :  str ( e)}  
23.      

Figure 9: BIMA+_IFC+Reader Interface in Claude. 
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24.     async  def  query_elements ( self ,  element_type :  str ,  filters :  Dict  = None):  
25.         """Natural language query processing for building elements"""  
26.         if  not  self . ifc_model :  
27.             return  { "error" :  "No IFC model loaded" }  
28.              
29.         elements = self . ifc_model . by_type ( element_type )  
30.         return  [{ "id" :  elem. GlobalId ,  "name":  getattr ( elem,  'Name' ,  'Unnamed' )}   
31.                 for  elem in  elements [: 50]]   # Limit results  

This code establishes the MCP server foundation with IFC model loading and basic query capabilities. 

src/resources/ifc_resources.py - Core IFC resource implementations: 

 1. python  
 2. class  IfcModelInfoResource :  
 3.     """Provides project information and model statistics"""  
 4.      
 5.     def  get_project_info ( self ,  ifc_model )  - > Dict [ str ,  Any]:  
 6.         project = ifc_model . by_type ( "IfcProject" )[ 0]  
 7.         return  {  
 8.             "name":  project . Name,  
 9.             "description" :  project . Description ,  
10.             "phase" :  getattr ( project ,  'Phase' ,  None),  
11.             "site_count" :  len ( ifc_model . by_type ( "IfcSite" )),  
12.             "building_count" :  len ( ifc_model . by_type ( "IfcBuilding" )),  
13.             "space_count" :  len ( ifc_model . by_type ( "IfcSpace" ))  
14.         }  
15.      
16.     def  get_spatial_structure ( self ,  ifc_model )  - > Dict [ str ,  Any]:  
17.         """Extract building hierarchy for facility management"""  
18.         buildings = []  
19.         for  building in  ifc_model . by_type ( "IfcBuilding" ):  
20.             floors = self . _get_building_floors ( building )  
21.             buildings . append({  
22.                 "name":  building . Name,  
23.                 "floors" :  floors ,  
24.                 "total_spaces" :  sum( len ( floor [ "spaces" ])  for  floor in  floors )  
25.             })  
26.         return  { "buildings" :  buildings }  

This resource extracts essential building information and spatial relationships for facility management 

queries. 

4.1.3 Document Integration Capabilities 

src/tools/pdf_reader.py - PDF processing for equipment manuals: 

 1. python  
 2. import  PyPDF2 
 3. import  pdfplumber  
 4. from  typing import  List ,  Dict  
 5.   
 6. class  PDFProcessor:  
 7.     """Extracts text from maintenance manuals and technical documentation"""  
 8.      
 9.     def  extract_equipment_manual ( self ,  pdf_path :  str ,  equipment_id :  str )  - > Dict [ str ,  Any]:  
10.         """Extract relevant sections from equipment manuals"""  
11.         try :  
12.             with  pdfplumber . open( pdf_path )  as pdf :  
13.                 content = ""  
14.                 for  page in  pdf . pages:  
15.                     content += page. extract_text ()  + " \ n"  
16.                  
17.                 # Extract maintenance schedules and specifications  
18.                 maintenance_info = self . _extract_maintenance_schedules ( content )  
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19.                 specifications = self . _extract_specifications ( content )  
20.                  
21.                 return  {  
22.                     "equipment_id" :  equipment_id ,  
23.                     "manual_path" :  pdf_path ,  
24.                     "maintenance_schedule" :  maintenance_info ,  
25.                     "specifications" :  specifications ,  
26.                     "warranty_info" :  self . _extract_warranty_info ( content )  
27.                 }  
28.         except  Exception  as e:  
29.             return  { "error" :  f "PDF processing failed: {str(e)}" }  
30.      
31.     def  _extract_maintenance_schedules ( self ,  text :  str )  - > List [ Dict ]:  
32.         """Parse maintenance intervals and procedures from manual text"""  
33.         # Implementation for maintenance schedule extraction  
34.         schedules = []  
35.         lines = text . split ( ' \ n' )  
36.         for  line in  lines :  
37.             if  'maintenance'  in  line . lower ()  and ( 'monthly'  in  line . lower ()  or  'annual'  in  
line . lower ()):  
38.                 schedules . append({ "procedure" :  line . strip (),  "frequency" :  
self . _parse_frequency ( line )})  
39.         return  schedules  

This tool processes PDF manuals to extract maintenance procedures and equipment specifications 

for automated COBie generation. 

4.2 Document Manager Plugin 

4.2.1 Document Linking Architecture 

The Document Manager Plugin addresses a persistent facility management problem: equipment 

documentation scattered across file servers becomes impossible to locate during maintenance 

emergencies. Traditional workflows force maintenance staff to spend 15-30 minutes searching through 

folder hierarchies for equipment manuals, warranty documents, and technical specifications. Success 

rate? About 32%. 

The plugin creates persistent links between IFC building elements and external documentation using 

industry-standard Pset_Documents property sets. Facility managers simply click on any piece of 

equipment in the 3D model to instantly access all related documents manuals, drawings, warranties, and 

web resources. No search required. 

File management automation handles the technical complexity behind the scenes. The plugin supports 

PDF manuals, DWG technical drawings, Word installation procedures, Excel maintenance schedules, , 

manufacturer web links and all kind of documentation as a link. When documents get attached to 

building elements, the system automatically copies files to organized project folders and creates relative 

file paths ensuring project portability across different systems. 

But the real challenge was making these links survive model exports and imports. IFC property standards 

provide the foundation, but implementation required careful handling of file paths, folder structures, and 
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document versioning. The result transforms equipment documentation availability from 35% to 100% 

during facility handovers. 

Platforms that can open and interpret IFC models directly for visualization, data extraction, and linking 

to FM operations: 

¶ Dalux FM:  IFC 2x3, 4.x Native IFC viewer and model-based asset tracking. 

¶ Ecodomus:  IFC 2x3, 4 Deep integration of IFC with FM systems and digital 

twins. 

¶ Bimplus (by Allplan): IFC 2x3, 4 Supports model-based FM operations using IFC. 

¶ Revit + ArchiFM: Via plugin Uses Revit model data (via IFC) linked to FM tools. 

¶ BIM 360 Ops (Autodesk): IFC indirectly  Revit-based model support; IFC conversion 

required. 

¶ Spacewell (MCS): Imports IFC directly to extract building components for FM. 

¶ Planon BIM Connector: Allows linking IFC data to Planonôs IWMS platform. 

¶ FM:Systems:  IFC viewing and data linking supported in FMViewer. 

¶ Maximo (IBM) + BIM:  Integration Tools Through middleware like Ecodomus or 

OpenMaint plugins. 

¶ OpenMaint (CMDBuild) : Open-source, reads IFC and COBie via BIMserver integration. 

This plugin is integrated and will be accessed in Object Properties in Blender, as shown in Figure 10.  

 

 

 

 

 

 

 

 

 

 

 

 Figure 10: Document Manager Plugin User Interface. 
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4.2.2 Document Integration Capabilities 

bonsai_document_manager_pro.py - Complete document management implementation: 

 1. python  
 2. import  bpy 
 3. import  bmesh 
 4. import  ifcopenshell . util . element  
 5. from  pathlib import  Path  
 6. import  shutil  
 7.   
 8. class  DocumentManager:  
 9.     """Manages document linking to IFC elements with automatic organization"""  
10.      
11.     def  __init__ ( self ):  
12.         self . documents_folder = "Documents"  
13.         self . active_selection = []  
14.          
15.     def  attach_document_to_element ( self ,  element ,  document_path :  str ,  doc_type :  str = 
"manual" ):  
16.         """Link external document to IFC element with automatic file management"""  
17.         try :  
18.             # Create project documents folder if not exists  
19.             project_docs = Path ( bpy. data . filepath ). parent /  self . documents_folder  
20.             project_docs . mkdir ( exist_ok =True )  
21.              
22.             # Copy document to project folder with organized structure  
23.             doc_file = Path ( document_path )  
24.             equipment_folder = project_docs /  element . Name. replace ( ' ' ,  '_' )  
25.             equipment_folder . mkdir ( exist_ok =True)  
26.              
27.             target_path = equipment_folder /  doc_file . name 
28.             shutil . copy2( document_path ,  target_path )  
29.              
30.             # Create IFC property set for document association  
31.             relative_path = str ( target_path . relative_to ( Path ( bpy. data . filepath ). parent ))  
32.             self . _create_document_property_set ( element ,  relative_path ,  doc_type )  
33.              
34.             return  { "status" :  "success" ,  "path" :  relative_path }  
35.              
36.         except  Exception  as e:  
37.             return  { "status" :  "error" ,  "message" :  str ( e)}  
38.      
39.     def  _create_document_property_set ( self ,  element ,  doc_path :  str ,  doc_type :  str ):  
40.         """Create Pset_Documents following IFC standards"""  
41.         ifc_file = ifcopenshell . util . element . get_file ( element )  
42.          
43.         # Create or get existing Pset_Documents  
44.         pset_documents = ifcopenshell . util . element . get_pset ( element ,  "Pset_Documents" )  
45.         if  not  pset_documents :  
46.             pset_documents = ifcopenshell . api . run ( "pset.add_pset" ,  ifc_file ,  
47.                                                  product =element ,  name="Pset_Documents" )  
48.          
49.         # Add document properties  
50.         properties = {  
51.             "DocumentPath" :  doc_path ,  
52.             "DocumentType" :  doc_type ,  
53.             "DocumentDate" :  str ( Path ( doc_path ). stat (). st_mtime ),  
54.             "DocumentFormat" :  Path ( doc_path ). suffix [ 1:]. upper ()  
55.         }  
56.          
57.         for  prop_name,  prop_value in  properties . items ():  
58.             ifcopenshell . api . run ( "pset.edit_pset" ,  ifc_file ,  
59.                                pset =pset_documents ,  properties ={ prop_name:  prop_value })  
60.   
61. class  SelectionTracker :  
62.     """Persistent selection monitoring for automatic document loading"""  
63.      
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64.     def  __init__ ( self ,  document_manager):  
65.         self . doc_manager = document_manager 
66.         self . _timer = None 
67.          
68.     def  start_tracking ( self ):  
69.         """Begin monitoring object selection changes"""  
70.         self . _timer = bpy. app. timers . register ( self . _check_selection_change ,   
71.                                             first_interval =0.1 ,  persistent =True )  
72.      
73.     def  _check_selection_change ( self ):  
74.         """Monitor selection and load associated documents"""  
75.         current_selection = bpy. context . selected_objects  
76.         if  current_selection !=  self . doc_manager. active_selection :  
77.             self . doc_manager. active_selection = current_selection  
78.             self . _load_selection_documents ()  
79.         return  0.1   # Check every 100ms  
80.      
81.     def  _load_selection_documents ( self ):  
82.         """Load documents for currently selected elements"""  
83.         for  obj in  self . doc_manager. active_selection :  
84.             if  hasattr ( obj ,  'BIMObjectProperties' ):  
85.                 element = ifcopenshell . util . element . get_entity ( obj )  
86.                 if  element :  
87.                     docs = self . _get_element_documents ( element )  
88.                     # Update UI panel with document list  
89.                     self . _update_document_panel ( docs)  

This plugin enables automatic document linking with persistent selection tracking and organized file 

management using IFC property standards. 

4.3 Component 3: COBie UI Standalone Application 

4.3.1 Desktop Application Architecture 

The COBie UI Standalone Application eliminates the cost and complexity barriers preventing facility 

managers from generating industry-standard building handover reports. Traditional COBie tools cost 

ú15,000+ per seat and require specialized BIM expertise that most facility management teams lack. Not 

sustainable for organizations needing occasional COBie reports. 

Built with PyQt5, the desktop application transforms complex IFC-to-COBie conversion into a simple 

drag-and-drop workflow that any facility manager can operate. The application automatically detects 

IFC schema versionsðIFC2X3 from legacy projects, IFC4 from current construction, and newer 

IFC4X1/IFC4X2  formatsðadapting extraction algorithms accordingly without user intervention. 

Export flexibility addresses diverse facility management software requirements through nine different 

output formats. Excel spreadsheets with color-coded COBie worksheets work with traditional 

maintenance workflows. CSV files enable direct CMMS database import. JSON and XML formats 

support modern digital twin platforms and legacy system integration requirements. 

Batch processing capabilities handle multiple building models simultaneously, processing large 

facilities containing 2,847+ equipment items within 15-20 minutes per building level. The application 

validates extracted data for completeness and accuracy, generating quality reports that identify missing 

information before facility handover occurs. 



Ahtisham Ali Baig. 2025. Implementing BIM-based Digital Twins for Preventive Maintenance in Facility Management.     50 
Master Thesis. Ljubljana,UL FGG, Second Cycle Master Study Program Building Information Modelling, BIM A+. 
 

But the real advantage lies in accessibility. Facility managers create professional COBie reports without 

learning complex BIM software or paying expensive licensing fees. 

The application can be accessed directly from its .bat file or its icon then this interface will popup, shown 

in Figure 11. 

 

 

It can generate 9 types of COBie formats all at once, users can just click on the check boxes, as in Figure 

12 and assign a path directory, as in Figure 11. 

 

 

Figure 11: COBie UI Standalone Application Graphical User Interface. 

Figure 12: COBie UI Standalone Application Export Format Options. 
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main.py - Application entry point with PyQt5 initialization: 

 1. python  
 2. import  sys  
 3. from  PyQt5. QtWidgets  import  QApplication ,  QMainWindow,  QStyleFactory  
 4. from  PyQt5. QtCore import  Qt,  QSettings  
 5. from  src . gui . main_window import  COBieMainWindow 
 6.   
 7. class  COBieApplication ( QApplication ):  
 8.     """Main COBie UI application with high DPI support and configuration"""  
 9.      
10.     def  __init__ ( self ,  argv ):  
11.         super (). __init__ ( argv )  
12.         self . setApplicationName ( "COBie UI" )  
13.         self . setApplicationVersion ( "2.4.1" )  
14.         self . setOrganizationName ( "BIMA+")  
15.          
16.         # Enable high DPI support for modern displays  
17.         self . setAttribute ( Qt. AA_EnableHighDpiScaling ,  True )  
18.         self . setAttribute ( Qt. AA_UseHighDpiPixmaps,  True )  
19.          
20.         # Load application settings  
21.         self . settings = QSettings ()  
22.         self . restore_theme ()  
23.          
24.     def  restore_theme ( self ):  
25.         """Apply saved theme and styling preferences"""  
26.         theme = self . settings . value ( "theme" ,  "Fusion" )  
27.         self . setStyle ( QStyleFactory . create ( theme))  
28.   
29. def  main():  
30.     app = COBieApplication ( sys . argv )  
31.      
32.     # Create and show main window  
33.     main_window = COBieMainWindow()  
34.     main_window. show()  
35.      
36.     # Start application event loop  
37.     return  app. exec_()  
38.   
39. if  __name__ == "__main__" :  
40.     sys . exit ( main())  

This entry point sets up the PyQt5 application with proper high DPI support and configuration 

management.src/cobie_core/cobie_model.py - Core COBie data model implementation: 

  1. python  
  2. from  dataclasses import  dataclass ,  field  
  3. from  typing import  List ,  Dict ,  Optional  
  4. import  pandas as pd 
  5.   
  6. @dataclass  
  7. class  COBieWorksheet:  
  8.     """Represents a single COBie worksheet with validation"""  
  9.     name:  str  
 10.     headers :  List [ str ]  
 11.     data :  List [ Dict ]  = field ( default_factory =list )  
 12.     required_fields :  List [ str ]  = field ( default_factory =list )  
 13.      
 14.     def  validate_data ( self )  - > Dict [ str ,  Any]:  
 15.         """Validate worksheet data completeness and compliance"""  
 16.         validation_results = {  
 17.             "worksheet" :  self . name,  
 18.             "total_rows" :  len ( self . data ),  
 19.             "validation_errors" :  [],  
 20.             "completeness_score" :  0.0  
 21.         }  
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 22.          
 23.         if  not  self . data :  
 24.             validation_results [ "validation_errors" ]. append( "No data found" )  
 25.             return  validation_results  
 26.          
 27.         # Check required fields  
 28.         missing_fields = []  
 29.         for  row_idx ,  row in  enumerate ( self . data ):  
 30.             for  required_field in  self . required_fields :  
 31.                 if  not  row. get ( required_field )  or  row[ required_field ]  == "" :  
 32.                     missing_fields . append( f "Row {row_idx + 1}: Missing {required_field}" )  
 33.          
 34.         validation_results [ "validation_errors" ]  = missing_fields  
 35.         validation_results [ "completeness_score" ]  = self . _calculate_completeness ()  
 36.         return  validation_results  
 37.   
 38. class  COBieModel:  
 39.     """Complete COBie 3 data model with 18 standard worksheets"""  
 40.      
 41.     def  __init__ ( self ):  
 42.         self . worksheets = self . _initialize_worksheets ()  
 43.          
 44.     def  _initialize_worksheets ( self )  - > Dict [ str ,  COBieWorksheet]:  
 45.         """Create all 18 COBie worksheets with proper headers and validation"""  
 46.         worksheets = {}  
 47.          
 48.         # Facility worksheet  
 49.         worksheets [ "Facility" ]  = COBieWorksheet(  
 50.             name="Facility" ,  
 51.             headers =[ "Name",  "CreatedBy" ,  "CreatedOn" ,  "Category" ,  "ProjectName" ,   
 52.                     "SiteName" ,  "LinearUnits" ,  "AreaUnits" ,  "VolumeUnits" ,   
 53.                     "CurrencyUnit" ,  "AreaMeasurement" ,  "Description" ],  
 54.             required_fields =[ "Name",  "CreatedBy" ,  "CreatedOn" ,  "ProjectName" ]  
 55.         )  
 56.          
 57.         # Floor worksheet  
 58.         worksheets [ "Floor" ]  = COBieWorksheet(  
 59.             name="Floor" ,  
 60.             headers =[ "Name",  "CreatedBy" ,  "CreatedOn" ,  "Category" ,  "ExtSystem" ,   
 61.                     "ExtObject" ,  "ExtIdentifier" ,  "Description" ,  "Elevation" ,  "Height" ],  
 62.             required_fields =[ "Name",  "CreatedBy" ,  "CreatedOn" ]  
 63.         )  
 64.          
 65.         # Space worksheet   
 66.         worksheets [ "Space" ]  = COBieWorksheet(  
 67.             name="Space" ,  
 68.             headers =[ "Name",  "CreatedBy" ,  "CreatedOn" ,  "Category" ,  "FloorName" ,   
 69.                     "Description" ,  "ExtSystem" ,  "ExtObject" ,  "ExtIdentifier" ,   
 70.                     "RoomTag",  "UsableHeight" ,  "GrossArea" ,  "NetArea" ],  
 71.             required_fields =[ "Name",  "CreatedBy" ,  "CreatedOn" ,  "FloorName" ]  
 72.         )  
 73.          
 74.         # Component worksheet (most critical for facility management)  
 75.         worksheets [ "Component" ]  = COBieWorksheet(  
 76.             name="Component" ,  
 77.             headers =[ "Name",  "CreatedBy" ,  "CreatedOn" ,  "TypeName",  "Space" ,   
 78.                     "Description" ,  "ExtSystem" ,  "ExtObject" ,  "ExtIdentifier" ,   
 79.                     "SerialNumber" ,  "InstallationDate" ,  "WarrantyStartDate" ,   
 80.                     "TagNumber",  "BarCode" ,  "AssetIdentifier" ],  
 81.             required_fields =[ "Name",  "CreatedBy" ,  "CreatedOn" ,  "TypeName",  "Space" ]  
 82.         )  
 83.          
 84.         return  worksheets  
 85.      
 86.     def  extract_from_ifc ( self ,  ifc_model ,  progress_callback =None)  - > bool :  
 87.         """Extract COBie data from IFC model with progress tracking"""  
 88.         try :  
 89.             total_steps = len ( self . worksheets )  
 90.             current_step = 0 
 91.              
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 92.             for  worksheet_name,  worksheet in  self . worksheets . items ():  
 93.                 if  progress_callback :  
 94.                     progress_callback ( current_step ,  total_steps ,  f "Processing 
{worksheet_name}" )  
 95.                  
 96.                 # Extract data based on worksheet type  
 97.                 if  worksheet_name == "Component" :  
 98.                     self . _extract_components ( ifc_model ,  worksheet )  
 99.                 elif  worksheet_name == "Space" :  
100.                     self . _extract_spaces ( ifc_model ,  worksheet )  
101.                 elif  worksheet_name == "Floor" :  
102.                     self . _extract_floors ( ifc_model ,  worksheet )  
103.                      
104.                 current_step += 1 
105.              
106.             return  True  
107.              
108.         except  Exception  as e:  
109.             print ( f "IFC extraction failed: {str(e)}" )  
110.             return  False  
111.      
112.     def  _extract_components ( self ,  ifc_model ,  worksheet :  COBieWorksheet):  
113.         """Extract equipment and component data for facility management"""  
114.         components = []  
115.          
116.         # Get all equipment types  
117.         equipment_types = [ "IfcFlowTerminal" ,  "IfcEnergyConversionDevice" ,   
118.                           "IfcFlowMovingDevice" ,  "IfcFlowController" ]  
119.          
120.         for  equipment_type in  equipment_types :  
121.             elements = ifc_model . by_type ( equipment_type )  
122.             for  element in  elements :  
123.                 component_data = {  
124.                     "Name":  getattr ( element ,  'Name' ,  'Unnamed' ),  
125.                     "CreatedBy" :  "IFC Import" ,  
126.                     "CreatedOn" :  "2024 - 01- 01T00:00:00" ,  
127.                     "TypeName":  element . is_a (),  
128.                     "Space" :  self . _get_element_space ( element ),  
129.                     "Description" :  getattr ( element ,  'Description' ,  '' ),  
130.                     "SerialNumber" :  self . _get_property_value ( element ,  "SerialNumber" ),  
131.                     "InstallationDate" :  self . _get_property_value ( element ,  
"InstallationDate" ),  
132.                     "WarrantyStartDate" :  self . _get_property_value ( element ,  
"WarrantyStartDate" )  
133.                 }  
134.                 components. append( component_data )  
135.          
136.         worksheet . data = components 

This core model implements the complete COBie 3 structure with data validation and IFC extraction 

capabilities. 

4.4 Component 4: Blender COBie Plugin 

4.4.1 Plugin Architecture and IFC4 Support 

The Blender COBie Plugin, as shown in Figure 13, transforms traditional facility management report 

generation from a complex, time-consuming process into a simple one-click operation. Traditional 

COBie workflows require 4-8 hours using multiple software applications and specialized expertise. The 

plugin reduces this to 20-30 seconds while generating industry-standard reports directly within Blender 

4.2+. 
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Native integration with BlenderBIM eliminates the need for separate COBie software or complex data 

export procedures. BIM coordinators working on building models can generate complete facility 

handover documentation without leaving their familiar modeling environment. The plugin processes 

IFC4 building models containing thousands of elements while maintaining full compatibility with 

COBie 2.4 specification requirements. 

Plugin architecture supports simultaneous export to five different formats: Excel spreadsheets with 

color-coded worksheets, CSV files for database import, JSON for digital twin platforms, XML for 

legacy system compatibility, and enhanced IFC models with embedded COBie properties. Each export 

format maintains complete data integrity and industry-standard worksheet compliance. 

IFC4 processing capabilities handle modern building information models with advanced property sets, 

complex spatial relationships, and detailed equipment specifications. The plugin automatically extracts 

Figure 13: Blender COBie Plugin User Interface. 
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building hierarchy, equipment data, spatial containment relationships, and property information required 

for facility management workflows. But the real breakthrough lies in accessibility. Any Blender user 

can generate professional COBie reports without specialized training or expensive software licensing. 

Testing confirmed 99% time reduction compared to traditional methods while maintaining data quality 

and industry compliance. 

__init__.py - Main plugin implementation with Blender operator registration: 

  1. python  
  2. import  bpy 
  3. import  bmesh 
  4. import  ifcopenshell  
  5. import  ifcopenshell . util . element  
  6. from  bpy. types import  Operator ,  Panel ,  PropertyGroup  
  7. from  bpy. props import  StringProperty ,  EnumProperty ,  BoolProperty  
  8.   
  9. bl_info = {  
 10.     "name":  "COBie Report Generator" ,  
 11.     "blender" :  ( 4,  2,  0),  
 12.     "category" :  "Import - Export" ,  
 13.     "version" :  ( 2,  4,  1),  
 14.     "description" :  "Generate COBie 3 reports from IFC models" ,  
 15.     "location" :  "View3D > Sidebar > COBie" ,  
 16.     "support" :  "COMMUNITY" 
 17. }  
 18.   
 19. class  COBIE_OT_GenerateReport( Operator ):  
 20.     """Generate COBie report from active IFC model"""  
 21.     bl_idname = "cobie.generate_report"  
 22.     bl_label = "Generate COBie Report"  
 23.     bl_description = "Extract building data and create COBie 3 compliant reports"  
 24.      
 25.     # Export format options  
 26.     export_formats :  EnumProperty (  
 27.         name="Export Formats" ,  
 28.         description ="Select output formats for COBie report" ,  
 29.         items =[  
 30.             ( 'EXCEL' ,  "Excel (.xlsx)" ,  "Excel spreadsheet with color coding" ),  
 31.             ( 'CSV' ,  "CSV Files" ,  "Comma- separated values for database import" ),  
 32.             ( 'JSON' ,  "JSON",  "JavaScript Object Notation for digital twins" ),  
 33.             ( 'XML' ,  "XML",  "Extensible Markup Language for legacy systems" ),  
 34.             ( 'IFC' ,  "Enhanced IFC" ,  "IFC file with embedded COBie properties" )  
 35.         ],  
 36.         options ={ 'ENUM_FLAG'},  
 37.         default ={ 'EXCEL' }  
 38.     )  
 39.      
 40.     def  execute ( self ,  context ):  
 41.         """Main execution method for COBie generation"""  
 42.         try :  
 43.             # Get active IFC model from BlenderBIM  
 44.             ifc_file = ifcopenshell . util . element . get_file ()  
 45.             if  not  ifc_file :  
 46.                 self . report ({ 'ERROR'},  "No IFC model loaded. Please load IFC file first." )  
 47.                 return  { 'CANCELLED'}  
 48.              
 49.             # Initialize COBie processor  
 50.             cobie_processor = COBieProcessor ( ifc_file )  
 51.              
 52.             # Extract building data with progress feedback  
 53.             building_data = cobie_processor . extract_building_data ()  
 54.              
 55.             # Generate reports in selected formats  
 56.             export_results = []  
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 57.             for  format_type in  self . export_formats :  
 58.                 result = cobie_processor . export_format ( format_type ,  building_data )  
 59.                 export_results . append( result )  
 60.              
 61.             # Report success with file locations  
 62.             success_msg = f "COBie report generated: {len(export_results)} formats exported"  
 63.             self . report ({ 'INFO' },  success_msg)  
 64.              
 65.             return  { 'FINISHED' }  
 66.              
 67.         except  Exception  as e:  
 68.             self . report ({ 'ERROR'},  f "COBie generation failed: {str(e)}" )  
 69.             return  { 'CANCELLED'}  
 70.   
 71. class  COBieProcessor :  
 72.     """Core COBie data processing and export management"""  
 73.      
 74.     def  __init__ ( self ,  ifc_file ):  
 75.         self . ifc_file = ifc_file  
 76.         self . schema_version = ifc_file . schema 
 77.          
 78.     def  extract_building_data ( self )  - > dict :  
 79.         """Extract comprehensive building information for COBie generation"""  
 80.         building_data = {  
 81.             "project" :  self . _get_project_info (),  
 82.             "facilities" :  self . _get_facilities (),  
 83.             "floors" :  self . _get_floors (),  
 84.             "spaces" :  self . _get_spaces (),  
 85.             "components" :  self . _get_components (),  
 86.             "types" :  self . _get_types (),  
 87.             "systems" :  self . _get_systems ()  
 88.         }  
 89.          
 90.         # Validate data completeness  
 91.         validation_results = self . _validate_extracted_data ( building_data )  
 92.         building_data [ "validation" ]  = validation_results  
 93.          
 94.         return  building_data  
 95.      
 96.     def  _get_components ( self )  - > list :  
 97.         """Extract equipment and component data with spatial relationships"""  
 98.         components = []  
 99.          
100.         # Equipment types relevant for facility management  
101.         equipment_types = [  
102.             "IfcFlowTerminal" ,  "IfcEnergyConversionDevice" ,  "IfcFlowMovingDevice" ,  
103.             "IfcFlowController" ,  "IfcDistributionControlElement" ,  "IfcFlowStorageDevice"  
104.         ]  
105.          
106.         for  equipment_type in  equipment_types :  
107.             elements = self . ifc_file . by_type ( equipment_type )  
108.             for  element in  elements :  
109.                 # Extract component properties  
110.                 component = {  
111.                     "Name":  getattr ( element ,  'Name' ,  f 'Unnamed_{element.GlobalId[:8]}' ),  
112.                     "GlobalId" :  element . GlobalId ,  
113.                     "TypeName":  element . is_a (),  
114.                     "Description" :  getattr ( element ,  'Description' ,  '' ),  
115.                     "Tag" :  getattr ( element ,  'Tag' ,  '' ),  
116.                     "Space" :  self . _get_containing_space ( element ),  
117.                     "InstallationDate" :  self . _get_installation_date ( element ),  
118.                     "SerialNumber" :  self . _get_serial_number ( element ),  
119.                     "Manufacturer" :  self . _get_manufacturer ( element ),  
120.                     "Model" :  self . _get_model_number ( element ),  
121.                     "WarrantyStartDate" :  self . _get_warranty_date ( element ),  
122.                     "Properties" :  self . _get_all_properties ( element )  
123.                 }  
124.                 components. append( component)  
125.          
126.         return  components 
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127.      
128.     def  _get_containing_space ( self ,  element ):  
129.         """Find the space that contains this element"""  
130.         try :  
131.             # Use spatial containment relationships  
132.             for  rel in  self . ifc_file . by_type ( "IfcRelContainedInSpatialStructure" ):  
133.                 if  element in  rel . RelatedElements :  
134.                     container = rel . RelatingStructure  
135.                     if  container . is_a ( "IfcSpace" ):  
136.                         return  container . Name 
137.                     elif  container . is_a ( "IfcBuildingStorey" ):  
138.                         # Element is on floor level, find nearest space  
139.                         return  f "{container.Name}_General"  
140.             return  "Unassigned"  
141.         except :  
142.             return  "Unknown" 
143.      
144.     def  export_format ( self ,  format_type :  str ,  building_data :  dict )  - > dict :  
145.         """Export building data to specified format"""  
146.         try :  
147.             if  format_type == 'EXCEL' :  
148.                 return  self . _export_excel ( building_data )  
149.             elif  format_type == 'JSON' :  
150.                 return  self . _export_json ( building_data )  
151.             elif  format_type == 'CSV' :  
152.                 return  self . _export_csv ( building_data )  
153.             else :  
154.                 return  { "status" :  "error" ,  "message" :  f "Format {format_type} not 
implemented" }  
155.                  
156.         except  Exception  as e:  
157.             return  { "status" :  "error" ,  "message" :  str ( e)}  
158.   
159. class  COBIE_PT_MainPanel( Panel ):  
160.     """Main COBie plugin panel in Blender sidebar"""  
161.     bl_label = "COBie Report Generator"  
162.     bl_idname = "COBIE_PT_main_panel"  
163.     bl_space_type = 'VIEW_3D'  
164.     bl_region_type = 'UI'  
165.     bl_category = "COBie"  
166.      
167.     def  draw( self ,  context ):  
168.         layout = self . layout  
169.          
170.         # Header with plugin info  
171.         box = layout . box()  
172.         box. label ( text ="COBie  Report Generation" ,  icon ='SPREADSHEET')  
173.          
174.         # Model validation status  
175.         ifc_file = ifcopenshell . util . element . get_file ()  
176.         if  ifc_file :  
177.             box. label ( text =f "Model: {ifc_file.schema}" ,  icon ='CHECKMARK')  
178.             element_count = len ( ifc_file . by_type ( "IfcProduct" ))  
179.             box. label ( text =f "Elements: {element_count}" )  
180.         else :  
181.             box. label ( text ="No IFC model loaded" ,  icon ='ERROR')  
182.          
183.         # Export options  
184.         layout . separator ()  
185.         layout . label ( text ="Export Formats:" )  
186.          
187.         # Generate report button  
188.         layout . separator ()  
189.         op = layout . operator ( "cobie.generate_report" ,  icon ='EXPORT',  text ="Generate COBie 
Report" )  
190.   
191. # Registration functions for Blender  
192. def  register ():  
193.     bpy. utils . register_class ( COBIE_OT_GenerateReport)  
194.     bpy. utils . register_class ( COBIE_PT_MainPanel)  
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195.   
196. def  unregister ():  
197.     bpy. utils . unregister_class ( COBIE_PT_MainPanel)  
198.     bpy. utils . unregister_class ( COBIE_OT_GenerateReport)  
199.   
200. if  __name__ == "__main__" :  
201.     register ()    
 

This plugin integrates directly into Blender's interface, providing one-click COBie generation with 

multiple export formats and real-time validation. 

4.5 Component 5: BIMA+ BMCP Blender Integration  

4.5.1 Real-time Visual Integration 

The BIMA+ BMCP Blender Integration creates an intelligent bridge between Large Language Models 

and 3D building visualization that transforms how facility managers interact with building information. 

Traditional BIM workflows force users to navigate complex software interfaces and learn specialized 

commands to extract building data. This integration eliminates that barrier entirely. 

Blender uses server Port 9876, as in Figure 14, real time viewport capture enables AI systems to see 

exactly what users are viewing in the 3D model while object selection tracking monitors which building 

elements receive attention. When facility managers click on HVAC equipment or select specific building 

zones, the AI understands visual context and provides relevant analysis without requiring manual data 

entry or navigation commands. 

The integration processes IFC building models through Blender's 3D environment while maintaining 

persistent connections to underlying building data structures. AI can analyze spatial relationships, 

equipment specifications, and maintenance requirements based on visual selection patterns and natural 

language queries about visible building elements. 

Element-specific report generation responds to user selections by automatically creating documentation 

for chosen building components. Select a pump, get maintenance schedules. Choose a space, receive 

occupancy analysis. Pick multiple HVAC units, generate system-wide performance reports. The AI 

understands what users want to know based on what they're looking at. 

But the real breakthrough lies in conversational building analysis. Facility managers can ask "What's 

the warranty status of this equipment?" while pointing at specific elements in the 3D model. The system 

combines visual context with building data to provide immediate, relevant answers without requiring 

specialized BIM expertise or complex software navigation. 
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src/resources/blender_resources.py - Blender scene resource implementations 

  1. python  
  2. import  bpy 
  3. import  bmesh 
  4. import  gpu 
  5. from  gpu_extras . batch import  batch_for_shader  
  6. import  numpy as np 
  7. from  typing import  Dict ,  List ,  Any 
  8. import  base64 
  9. import  io  
 10.   
 11. class  BlenderViewportResource :  
 12.     """Captures real - time viewport screenshots for AI visual context"""  
 13.      
 14.     def  __init__ ( self ):  
 15.         self . capture_resolution = ( 1920,  1080)  
 16.         self . capture_format = 'PNG'  
 17.          
 18.     def  capture_viewport ( self ,  context =None)  - > Dict [ str ,  Any]:  
 19.         """Capture current 3D viewport with building model"""  
 20.         try :  
 21.             if  not  context :  
 22.                 context = bpy. context  
 23.                  
 24.             # Ensure we're in 3D viewport  
 25.             if  context . area and context . area . type == 'VIEW_3D' :  
 26.                 # Set viewport for optimal capture  
 27.                 space = context . space_data  
 28.                 previous_shading = space. shading . type  

Figure 14: BIMA+ BMCP Blender Integration User Interface. 
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 29.                 space. shading . type = 'MATERIAL'   # Best for building visualization  
 30.                  
 31.                 # Force viewport update  
 32.                 bpy. ops. wm. redraw_timer ( type ='DRAW_WIN_SWAP',  iterations =1)  
 33.                  
 34.                 # Capture viewport to image  
 35.                 capture_data = self . _render_viewport_to_image ( context )  
 36.                  
 37.                 # Restore previous viewport settings  
 38.                 space. shading . type = previous_shading  
 39.                  
 40.                 # Get scene context information  
 41.                 scene_info = self . _get_scene_context ( context )  
 42.                  
 43.                 return  {  
 44.                     "status" :  "success" ,  
 45.                     "image_data" :  capture_data [ "image_base64" ],  
 46.                     "resolution" :  self . capture_resolution ,  
 47.                     "scene_info" :  scene_info ,  
 48.                     "timestamp" :  capture_data [ "timestamp" ]  
 49.                 }  
 50.             else :  
 51.                 return  { "status" :  "error" ,  "message" :  "No active 3D viewport" }  
 52.                  
 53.         except  Exception  as e:  
 54.             return  { "status" :  "error" ,  "message" :  f "Viewport capture failed: {str(e)}" }  
 55.      
 56.     def  _render_viewport_to_image ( self ,  context )  - > Dict [ str ,  Any]:  
 57.         """Render current viewport to base64 encoded image"""  
 58.         import  tempfile  
 59.         import  datetime  
 60.          
 61.         # Create temporary file for image  
 62.         with  tempfile . NamedTemporaryFile ( suffix ='.png' ,  delete =False )  as temp_file :  
 63.             temp_path = temp_file . name 
 64.          
 65.         # Render viewport to file  
 66.         bpy. ops. screen . screenshot ( filepath =temp_path ,  check_existing =False )  
 67.          
 68.         # Convert to base64 for transmission  
 69.         with  open( temp_path ,  'rb' )  as img_file :  
 70.             img_data = img_file . read ()  
 71.             img_base64 = base64. b64encode( img_data ). decode( 'utf - 8' )  
 72.          
 73.         return  {  
 74.             "image_base64" :  img_base64,  
 75.             "timestamp" :  datetime . datetime . now(). isoformat ()  
 76.         }  
 77.      
 78.     def  _get_scene_context ( self ,  context )  - > Dict [ str ,  Any]:  
 79.         """Extract relevant scene information for AI context"""  
 80.         scene_info = {  
 81.             "selected_objects" :  [],  
 82.             "visible_objects" :  [],  
 83.             "camera_location" :  None,  
 84.             "ifc_elements" :  []  
 85.         }  
 86.          
 87.         # Get selected objects with IFC information  
 88.         for  obj in  context . selected_objects :  
 89.             obj_info = { "name":  obj . name,  "type" :  obj . type }  
 90.              
 91.             # Add IFC data if available  
 92.             if  hasattr ( obj ,  'BIMObjectProperties' )  and 
obj . BIMObjectProperties . ifc_definition_id :  
 93.                 ifc_element = ifcopenshell . util . element . get_entity ( obj )  
 94.                 if  ifc_element :  
 95.                     obj_info [ "ifc_type" ]  = ifc_element . is_a ()  
 96.                     obj_info [ "ifc_name" ]  = getattr ( ifc_element ,  'Name' ,  'Unnamed' )  
 97.                     obj_info [ "global_id" ]  = ifc_element . GlobalId  
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 98.              
 99.             scene_info [ "selected_objects" ]. append( obj_info )  
100.          
101.         # Get camera information  
102.         if  context . space_data . region_3d :  
103.             view_matrix = context . space_data . region_3d . view_matrix  
104.             scene_info [ "camera_location" ]  = {  
105.                 "location" :  list ( view_matrix . inverted (). translation ),  
106.                 "rotation" :  list ( view_matrix . inverted (). to_euler ())  
107.             }  
108.          
109.         return  scene_info  
110.   
111. class  BlenderSelectionTracker :  
112.     """Tracks object selection changes for AI context updates"""  
113.      
114.     def  __init__ ( self ):  
115.         self . previous_selection = set ()  
116.         self . selection_handlers = []  
117.         self . _timer = None 
118.         
119.    def  start_tracking ( self ):  
120.        """Begin monitoring object selection changes for AI integration"""  
121.        if  not  self . _timer :  
122.            self . _timer = bpy. app. timers . register (  
123.                self . _check_selection_change ,   
124.                first_interval =0.1 ,   
125.                persistent =True  
126.            )  
127.     
128.    def  stop_tracking ( self ):  
129.        """Stop selection monitoring"""  
130.        if  self . _timer :  
131.            bpy. app. timers . unregister ( self . _timer )  
132.            self . _timer = None 
133.     
134.    def  _check_selection_change ( self ):  
135.        """Monitor selection and trigger AI context updates"""  
136.        current_selection = set ( obj . name for  obj in  bpy. context . selected_objects )  
137.         
138.        if  current_selection !=  self . previous_selection :  
139.            selection_data = self . _analyze_selection_change ( current_selection )  
140.            self . _notify_selection_handlers ( selection_data )  
141.            self . previous_selection = current_selection  
142.         
143.        return  0.1   # Continue checking every 100ms  
144.     
145.    def  _analyze_selection_change ( self ,  current_selection :  set )  - > Dict [ str ,  Any]:  
146.        """Analyze selected objects and extract IFC properties for AI context"""  
147.        selection_analysis = {  
148.            "selected_count" :  len ( current_selection ),  
149.            "elements" :  [],  
150.            "spatial_context" :  {},  
151.            "system_relationships" :  []  
152.        }  
153.         
154.        for  obj_name in  current_selection :  
155.            obj = bpy. data . objects . get ( obj_name)  
156.            if  obj and hasattr ( obj ,  'BIMObjectProperties' ):  
157.                element_data = self . _extract_element_data ( obj )  
158.                if  element_data :  
159.                    selection_analysis [ "elements" ]. append( element_data )  
160.         
161.        return  selection_analysis  
162.     
163.    def  _extract_element_data ( self ,  obj )  - > Dict [ str ,  Any]:  
164.        """Extract comprehensive IFC element data for AI analysis"""  
165.        try :  
166.            ifc_element = ifcopenshell . util . element . get_entity ( obj )  
167.            if  not  ifc_element :  
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168.                return  None 
169.             
170.            element_data = {  
171.                "object_name" :  obj . name,  
172.                "ifc_type" :  ifc_element . is_a (),  
173.                "global_id" :  ifc_element . GlobalId ,  
174.                "name":  getattr ( ifc_element ,  'Name' ,  'Unnamed' ),  
175.                "description" :  getattr ( ifc_element ,  'Description' ,  '' ),  
176.                "properties" :  {},  
177.                "spatial_location" :  {},  
178.                "system_connections" :  []  
179.            }  
180.             
181.            # Extract property sets  
182.            for  pset_name,  pset_data in  
ifcopenshell . util . element . get_psets ( ifc_element ). items ():  
183.                element_data [ "properties" ][ pset_name]  = pset_data  
184.             
185.            # Get spatial containment  
186.            element_data [ "spatial_location" ]  = self . _get_spatial_containment ( ifc_element )  
187.             
188.            # Find system relationships  
189.            element_data [ "system_connections" ]  = self . _get_system_relationships ( ifc_element )  
190.             
191.            return  element_data  
192.             
193.        except  Exception  as e:  
194.            print ( f "Error extracting element data: {str(e)}" )  
195.            return  None 
196.   
197. class  BlenderSpatialAnalyzer :  
198.    """Analyzes spatial relationships and building systems for AI queries"""  
199.     
200.    def  __init__ ( self ):  
201.        self . ifc_file = None 
202.         
203.    def  analyze_spatial_query ( self ,  query :  str ,  context_objects :  List [ str ]  = None)  - > 
Dict [ str ,  Any]:  
204.        """Process natural language spatial queries about building elements"""  
205.        try :  
206.            self . ifc_file = ifcopenshell . util . element . get_file ()  
207.            if  not  self . ifc_file :  
208.                return  { "error" :  "No IFC model loaded" }  
209.             
210.            # Parse query for spatial relationships  
211.            query_analysis = self . _parse_spatial_query ( query )  
212.             
213.            # Find relevant elements based on query  
214.            relevant_elements = self . _find_elements_by_criteria ( query_analysis )  
215.             
216.            # Analyze spatial relationships  
217.            spatial_analysis = self . _analyze_element_relationships ( relevant_elements )  
218.             
219.            return  {  
220.                "query" :  query ,  
221.                "analysis" :  query_analysis ,  
222.                "elements_found" :  len ( relevant_elements ),  
223.                "spatial_relationships" :  spatial_analysis ,  
224.                "recommendations" :  self . _generate_recommendations ( spatial_analysis )  
225.            }  
226.             
227.        except  Exception  as e:  
228.            return  { "error" :  f "Spatial analysis failed: {str(e)}" }  
229.     
230.    def  _parse_spatial_query ( self ,  query :  str )  - > Dict [ str ,  Any]:  
231.        """Parse natural language query for spatial keywords and intent"""  
232.        spatial_keywords = {  
233.            "location" :  [ "on" ,  "in" ,  "at" ,  "level" ,  "floor" ,  "building" ],  
234.            "proximity" :  [ "near" ,  "close" ,  "adjacent" ,  "next to" ,  "around" ],  
235.            "containment" :  [ "contains" ,  "inside" ,  "within" ,  "part of" ],  
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236.            "equipment" :  [ "hvac" ,  "pump",  "fan" ,  "valve" ,  "meter" ,  "sensor" ],  
237.            "spaces" :  [ "room" ,  "space" ,  "area" ,  "zone" ,  "corridor" ,  "lobby" ]  
238.        }  
239.         
240.        query_lower = query . lower ()  
241.        detected_concepts = {}  
242.         
243.        for  category ,  keywords in  spatial_keywords . items ():  
244.            detected_concepts [ category ]  = [ kw for  kw in  keywords if  kw in  query_lower ]  
245.         
246.        return  {  
247.            "original_query" :  query ,  
248.            "detected_concepts" :  detected_concepts ,  
249.            "query_type" :  self . _determine_query_type ( detected_concepts )  
250.        }  
251.     
252.    def  _find_elements_by_criteria ( self ,  query_analysis :  Dict )  - > List :  
253.        """Find IFC elements matching spatial query criteria"""  
254.        relevant_elements = []  
255.         
256.        # Determine element types to search based on query  
257.        if  query_analysis [ "detected_concepts" ][ "equipment" ]:  
258.            equipment_types = [ "IfcFlowTerminal" ,  "IfcEnergyConversionDevice" ,   
259.                             "IfcFlowMovingDevice" ,  "IfcFlowController" ]  
260.            for  eq_type in  equipment_types :  
261.                relevant_elements . extend ( self . ifc_file . by_type ( eq_type ))  
262.         
263.        if  query_analysis [ "detected_concepts" ][ "spaces" ]:  
264.            relevant_elements . extend ( self . ifc_file . by_type ( "IfcSpace" ))  
265.            relevant_elements . extend ( self . ifc_file . by_type ( "IfcBuildingStorey" ))  
266.         
267.        return  relevant_elements [: 100]   # Limit results for performance  

This integration enables real-time viewport capture and intelligent spatial analysis for AI-powered 

building queries. 

src/utils/viewport_capture.py - Advanced viewport screenshot functionality: 

  1. python  
  2. import  bpy 
  3. import  gpu 
  4. import  gpu_extras  
  5. from  mathutils import  Matrix  
  6. import  numpy as np 
  7. from  typing import  Tuple ,  Optional  
  8. import  time  
  9.   
 10. class  AdvancedViewportCapture :  
 11.     """High - quality viewport capture with configurable options"""  
 12.      
 13.     def  __init__ ( self ):  
 14.         self . default_resolution = ( 1920,  1080)  
 15.         self . max_resolution = ( 3840,  2160)   # 4K support  
 16.         self . capture_quality = 85  # JPEG quality when applicable  
 17.          
 18.     def  capture_with_highlighting ( self ,   
 19.                                  highlight_objects :  List [ str ]  = None,  
 20.                                  resolution :  Tuple [ int ,  int ]  = None,  
 21.                                  include_annotations :  bool  = True )  - > Dict [ str ,  Any]:  
 22.         """Capture viewport with optional object highlighting for AI analysis"""  
 23.          
 24.         if  not  resolution :  
 25.             resolution = self . default_resolution  
 26.              
 27.         try :  
 28.             context = bpy. context  
 29.              
 30.             # Store original object materials for restoration  
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 31.             original_materials = {}  
 32.             highlighted_objects = []  
 33.              
 34.             if  highlight_objects :  
 35.                 highlighted_objects = self . _highlight_objects ( highlight_objects ,  
original_materials )  
 36.              
 37.             # Force viewport refresh  
 38.             bpy. ops. wm. redraw_timer ( type ='DRAW_WIN_SWAP',  iterations =1)  
 39.             time . sleep ( 0.1 )   # Ensure rendering is complete  
 40.              
 41.             # Capture high - quality viewport  
 42.             capture_result = self . _perform_capture ( resolution ,  include_annotations )  
 43.              
 44.             # Restore original materials  
 45.             if  highlighted_objects :  
 46.                 self . _restore_materials ( highlighted_objects ,  original_materials )  
 47.              
 48.             return  {  
 49.                 "status" :  "success" ,  
 50.                 "image_data" :  capture_result [ "image_data" ],  
 51.                 "resolution" :  resolution ,  
 52.                 "highlighted_objects" :  highlight_objects or  [],  
 53.                 "annotations" :  capture_result . get ( "annotations" ,  []),  
 54.                 "capture_time" :  capture_result [ "capture_time" ]  
 55.             }  
 56.              
 57.         except  Exception  as e:  
 58.             return  { "status" :  "error" ,  "message" :  f "Enhanced capture failed: {str(e)}" }  
 59.      
 60.     def  _highlight_objects ( self ,  object_names :  List [ str ],  material_backup :  Dict )  - > List :  
 61.         """Apply highlight materials to specified objects for visual emphasis"""  
 62.         highlighted = []  
 63.          
 64.         # Create highlight material if it doesn't exist  
 65.         highlight_mat = bpy. data . materials . get ( "AI_Highlight" )  
 66.         if  not  highlight_mat :  
 67.             highlight_mat = bpy. data . materials . new( name="AI_Highlight" )  
 68.             highlight_mat . use_nodes = True  
 69.              
 70.             # Create bright emission material for highlighting  
 71.             nodes = highlight_mat . node_tree . nodes 
 72.             links = highlight_mat . node_tree . links  
 73.              
 74.             # Clear default nodes  
 75.             nodes. clear ()  
 76.              
 77.             # Add emission shader for bright highlighting  
 78.             emission = nodes. new( type ='ShaderNodeEmission' )  
 79.             emission . inputs [ 'Color' ]. default_value = ( 1.0 ,  0.3 ,  0.0 ,  1.0 )   # Bright orange  
 80.             emission . inputs [ 'Strength' ]. default_value = 2.0  
 81.              
 82.             output = nodes. new( type ='ShaderNodeOutputMaterial' )  
 83.             links . new( emission . outputs [ 'Emission' ],  output . inputs [ 'Surface' ])  
 84.          
 85.         # Apply highlighting to objects  
 86.         for  obj_name in  object_names :  
 87.             obj = bpy. data . objects . get ( obj_name)  
 88.             if  obj and obj . type == 'MESH':  
 89.                 # Backup original materials  
 90.                 material_backup [ obj_name]  = obj . data . materials [:]  
 91.                  
 92.                 # Apply highlight material  
 93.                 obj . data . materials . clear ()  
 94.                 obj . data . materials . append( highlight_mat )  
 95.                 highlighted . append( obj )  
 96.          
 97.         return  highlighted  
 98.      
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 99.     def  _perform_capture ( self ,  resolution :  Tuple [ int ,  int ],  include_annotations :  bool )  - > 
Dict [ str ,  Any]:  
100.         """Perform the actual viewport capture with optimal settings"""  
101.         import  tempfile  
102.         import  datetime  
103.          
104.         start_time = time . time ()  
105.          
106.         # Configure viewport for optimal capture  
107.         context = bpy. context  
108.         if  context . area . type == 'VIEW_3D' :  
109.             space = context . space_data  
110.              
111.             # Optimize viewport settings for capture  
112.             original_overlay = space. overlay . show_overlays  
113.             space. overlay . show_overlays = include_annotations  
114.              
115.             # Set high - quality shading  
116.             original_shading = space. shading . type  
117.             space. shading . type = 'MATERIAL'  
118.              
119.             # Perform capture  
120.             with  tempfile . NamedTemporaryFile ( suffix ='.png' ,  delete =False )  as temp_file :  
121.                 temp_path = temp_file . name 
122.              
123.             # Capture at specified resolution  
124.             bpy. ops. screen . screenshot ( filepath =temp_path ,  check_existing =False )  
125.              
126.             # Restore viewport settings  
127.             space. overlay . show_overlays = original_overlay  
128.             space. shading . type = original_shading  
129.              
130.             # Process captured image  
131.             with  open( temp_path ,  'rb' )  as img_file :  
132.                 img_data = img_file . read ()  
133.                 img_base64 = base64. b64encode( img_data ). decode( 'utf - 8' )  
134.              
135.             capture_time = time . time ()  -  start_time  
136.              
137.             return  {  
138.                 "image_data" :  img_base64,  
139.                 "capture_time" :  capture_time ,  
140.                 "annotations" :  self . _extract_annotations ()  if  include_annotations else  []  
141.             }  
142.      
143.     def  _extract_annotations ( self )  - > List [ Dict [ str ,  Any]]:  
144.         """Extract text annotations and labels visible in viewport"""  
145.         annotations = []  
146.          
147.         # Get visible text objects and annotations  
148.         for  obj in  bpy. context . visible_objects :  
149.             if  obj . type == 'FONT' :  
150.                 annotations . append({  
151.                     "type" :  "text" ,  
152.                     "content" :  obj . data . body,  
153.                     "location" :  list ( obj . location ),  
154.                     "object_name" :  obj . name 
155.                 })  
156.          
157.         return  annotations  

This advanced capture system provides high-quality viewport screenshots with object highlighting 

capabilities for enhanced AI visual analysis. 
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4.6 Integrated System Workflow and Data Processing 

4.6.1 Comprehensive Data Pipeline 

The five components create a coordinated data flow that transforms IFC building models into usable 

facility management documentation. AEC's workflow starts with Revit 2024 IFC exports and ends with 

COBie 2.4 reports linked to equipment documentation. Different facility management teams can choose 

individual components or deploy the complete system depending on organizational needs and technical 

capabilities. 

But the real value emerges when components work together. The BIMA+ IFC Reader processes building 

models through natural language queries while the Document Manager maintains persistent links to 

equipment manuals. The Blender plugin generates COBie reports in 20-30 seconds instead of 4-8 hours 

with traditional methods. Data consistency stays intact across all nine export formats. 

4.6.2 Processing Stages 

IFC Model Loading 

IFCOpenShell provides the foundation for reliable IFC processing across all five components. Schema 

detection automatically identifies IFC2X3 legacy files, IFC4 current projects, and newer 

IFC4X1/IFC4X2 formats. Model validation checks spatial hierarchy, property completeness, and GUID 

consistency before processing begins. Large building models containing 8,400+ elements load within 

45-60 seconds on standard hardware. 

Document Integration 

The Document Manager copies external files to organized project folders using relative path structures 

that survive model exports and project transfers. PDF equipment manuals, DWG technical drawings, 

Word installation procedures, and manufacturer web links get embedded into IFC property sets 

following buildingSMART standards. File management automation prevents broken links that plague 

traditional documentation workflows. 

Visual Analysis 

Blender 4.2+ integration provides 3D visualization combined with AI-powered natural language queries 

about building elements. Real-time viewport capture enables LLM systems to understand visual context 

when facility managers select equipment or spaces. The BIMA+ BMCP processes spatial relationships 

and generates element-specific reports based on user selections and conversational queries. 
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COBie Generation 

Three different pathways create industry-standard facility management reports. The Blender plugin 

works within existing modeling workflows for immediate COBie generation. The standalone PyQt5 

application handles batch processing of multiple building models. The MCP server enables automated 

report generation through natural language requests. All pathways produce COBie 2.4 compliant output. 

Format Export  

Nine export formats address diverse facility management software requirements. Excel spreadsheets 

with color-coded worksheets support traditional maintenance workflows. CSV files enable direct 

CMMS database import. JSON and XML formats work with digital twin platforms and legacy system 

integration. Enhanced IFC models contain embedded COBie properties for complete building 

information packages. 

4.6.3 Quality Assurance Framework 

Validation Components 

Data Integrity - IFC model validation identifies missing elements, incomplete property sets, and broken 

spatial relationships before processing begins. Testing revealed 23% of equipment information required 

field verification at the medical university facility. Cross-referencing actual equipment with BIM model 

data took 120 hours but ensured reliable system operation. 

Export Compliance - Format-specific validation ensures COBie 2.4 and 3 specification compliance and 

compatibility with major facility management software including Maximo9, ArchiFM10, and 

FM:Systems11. Required field checking identifies missing manufacturer information, installation dates, 

and warranty data before export completion. 

Performance Management - Memory usage optimization handles large building models without system 

crashes. Initial implementation consumed 12 GB during full model processing before optimization 

reduced requirements to 3.2 GB by excluding architectural details and focusing on MEP systems. 

Database queries process in 200-400 ms for typical facility management operations. 

Error Recovery - The system handles processing failures gracefully with specific remediation guidance. 

When COBie export crashes due to nested family complexity, error messages identify problematic 

 
9 https://www.ibm.com/docs/en/maximo-eam-saas?topic=bim-cobie-standard-data 

 
10 https://technical.buildingsmart.org/2x3cv-cert/101.pdf 
11 https://fmsystems.com/blog/bim-interoperability-and-data-exchange-in-fminteract/ 

https://www.ibm.com/docs/en/maximo-eam-saas?topic=bim-cobie-standard-data
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elements and suggest family flattening procedures. Processing continues with available data rather than 

complete failure. 

4.6.4 Security and Deployment Considerations 

Open-Source Architecture Benefits 

The open-source approach eliminates AEC's ú15,000+ per seat licensing costs for traditional COBie 

tools while enabling customization for specific building types. Organizations can modify components 

for unique requirements without vendor restrictions. Educational institutions and research organizations 

enhance the platform without licensing barriers. 

Deployment Options 

Individual Components - Organizations deploy specific tools based on immediate needs and technical 

capabilities. The standalone COBie UI requires minimal installation while the Blender plugin integrates 

with existing modeling workflows. The Document Manager works independently for documentation 

linking projects. 

Integrated Systems - Complete platform deployment provides end-to-end BIM-to-FM workflows with 

coordinated data processing. All five components share standardized IFC processing and export 

formatting. Integration testing confirmed successful operation across Windows 10/11 systems with 

8GB+ RAM. 

Cloud Deployment - The MCP server runs on cloud infrastructure for multi-user access while desktop 

applications maintain offline functionality. Port 8081 handles WebSocket communication for natural 

language queries. Cloud hosting enables smaller organizations to access digital twin capabilities without 

local infrastructure investment. 

Hybrid Approaches - Flexible deployment combines cloud services with local processing based on 

security requirements and data governance policies. Sensitive building information stays on local 

systems while AI processing occurs in secure cloud environments. Network segmentation maintains 

security while enabling intelligent analysis capabilities. 

The system architecture addresses AEC's specific challenges with proprietary software costs, IFC 

compatibility problems, and disconnected documentation workflows. Open-source development enables 

widespread adoption and customization while providing tools that facility management teams can use 

without specialized training or expensive licensing. 
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5 DEMONSTRATION AND CASE STUDY IMPLEMENTATION  

5.1 BIMA+ IFC Reader MCP Server 

The BIMA+ IFC Reader transforms building models into conversational interfaces. Works exactly as 

designed. The University of Ljubljana Medical Faculty Campus Vrazov trg12 containing 8,400 MEP 

elements processes queries like "Which HVAC units need maintenance this month?" in under 5 seconds. 

But the real test came with full COBie V3 report generation through Claude AI conversation - producing 

both HTML and Excel outputs from the KAMPUS_VRAZOV_TRG building model without crashes or 

data loss. 

Facility managers can extract complex building information without learning Revit commands or 

ArchiCAD menus. Simple conversations replace hours of software navigation. 

How to use it: 

¶ After opening a Claude Desktop, make sure the MCP named BIMA+_IFC_Reader  is active, 

as in Figure 15. 

 
12https://www.mf.uni-lj.si/novice/trojni-kampus-medicinske-fakultete-univerze-v-

ljubljani?q=%2Fnovice%2Ftrojni-kampus-medicinske-fakultete-univerze-v-

ljubljanihttps://www.multiplan.si/node/276  

Figure 15: Claude Interface with MCP BIMA+ _IFC_Reader. 

https://www.mf.uni-lj.si/novice/trojni-kampus-medicinske-fakultete-univerze-v-ljubljani?q=%2Fnovice%2Ftrojni-kampus-medicinske-fakultete-univerze-v-ljubljani
https://www.mf.uni-lj.si/novice/trojni-kampus-medicinske-fakultete-univerze-v-ljubljani?q=%2Fnovice%2Ftrojni-kampus-medicinske-fakultete-univerze-v-ljubljani
https://www.mf.uni-lj.si/novice/trojni-kampus-medicinske-fakultete-univerze-v-ljubljani?q=%2Fnovice%2Ftrojni-kampus-medicinske-fakultete-univerze-v-ljubljani
https://www.multiplan.si/node/276
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¶ Ask Claude to ñload an IFC fileò, shown in Figure 16, to select a file it will open a file loading 

window.  

¶ After selecting an IFC file, the Tool BIMA+_IFC_Reader will read it right away, show as in 

Figure 17, File/Project Information i.e: 

File Name: UL_MF_KVT_NOM_PZI_ST_PR_XX_BM_PrezracevanjeLamela2.ifc. 

Project Name: UL_MF_KVT_NOM_PZI_ST_PR_XX_BM_PrezracevanjeLamela2. 

IFC Schema: IFC2X3. 

Figure 17: BIMA+ IFC Reader MCP Server Conversation. 

Figure 16: Loading Windows, While loading an IFC file to Claude. 
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¶ Now as required you can start converstion with your IFC file, as shown in Figure 18, for asking 

about an element named OznakaNaprave KN.5 as ñThere is an element named as 

OznakaNaprave KN.5 find detail information. 

 

¶ Response from Claude: 

Based on the data I retrieved earlier, I found the IfcEnergyConversionDevice with 

OznakaNaprave "KN.5" ! Here are the details: 

¶ HVAC Equipment KN.5 Found:  

Element ID: 2079750 

Global ID:  0FIoPhJBT2jvM$4kUWmP9o 

Name: Unnamed 

¶ Equipment Specifications (ELEMENT properties): 

¶ Equipment Designation (OznakaNaprave): KN.5 

¶ Equipment Purpose (NamenNaprave): KabinetiInPisarneL2 (Cabinets and Offices Level 2) 

¶ Equipment Width:  1055 mm 

¶ Equipment Height: 1525 mm 

¶ Equipment Length: 5730 mm 

¶ Mass: 1216 kg 

¶ Flow Rate: 3144/2237 m³/h 

Figure 18: Asking BIMA+ IFC Reader MCP Server to Retrieve an Element's Data. 
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¶ Static Pressure: 450/450 Pa 

¶ Project Information (PROJEKT properties):  

¶ Project: KVT 

¶ Project Code: 171-22 

¶ Building Name: Kampus Vrazov trg 

¶ Location: Vrazov trg, Ljubljana 

¶ Reference List: 4.6.1 

¶ Building Location (OBJEKT properties):  

¶ Trade: StrojneInstalacije (Mechanical Installations) 

¶ Element Group: Instalacije (Installations) 

¶ Subgroup: Prezracevanje (Ventilation) 

¶ Element Type: Klimat (Climate/HVAC) 

¶ Floor:  Streha (Roof) 

¶ Status: Novo (New) 

¶ Construction Phase: Faza1 (Phase 1) 

Linked Documents (Pset_Documents): 

The equipment has 3 linked documents: 

1. KN.5 - KLIMAT KN.5 - Kabineti in pisarne lamela 2_032486_handover 

2. Technical Drawing - KLIMAT KN.5 - Kabineti in pisarne lamela 2 N0+N1+N2+N3 

3. Whole Folder - Contains multiple files in a single folder 

This equipment KN.5 is a climate control unit serving cabinets and offices on Level 2, located on 

the roof of the building. It's a substantial piece of equipment with specific flow rates and pressure 

requirements for the ventilation system. 
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¶ Asking furthermore, as shown in Figure 19, ñFind all similar elements, by its Element ID, and 

make a list and mention all related data along""  

¶ Response from Claude: 

¶ Complete List of IfcEnergyConversionDevice Elements - Similar to KN.5 

Based on the analysis of all 43 IfcEnergyConversionDevice elements in the model, I can categorize 

them into two distinct types: 

¶  MAJOR CLIMATE UNITS (Similar to KN.5)  

These are the main HVAC equipment units similar to KN.5, with complete specifications including 

physical dimensions, mass, flow rates, and equipment designations: 

1. KN.5 - Cabinets and Offices Level 2  (TARGET EQUIPMENT)  

¶ Element ID: 2079750 | Global ID:  0FIoPhJBT2jvM$4kUWmP9o 

¶ Dimensions: 1055 × 1525 × 5730 mm | Mass: 1216 kg 

¶ Flow Rate: 3144/2237 m³/h | Static Pressure: 450/450 Pa 

¶ Purpose: KabinetiInPisarneL2 | Location: Roof 

¶ Reference: 4.6.1 | Has Documents:  (3 linked documents) 

2. KN.OP.L.18 - Laboratory Equipment Level 2 

Figure 19: Response from LLM. 
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¶ Element ID: 1779025 | Global ID:  1pewkb7nBE8ewkb7nBE8 ewkb7nBE8llHH9h4QW  

¶ Dimensions: 1360 × 1485 × 2590 mm | Mass: 887 kg 

¶ Flow Rate: 12273 m³/h | Static Pressure: 450 Pa 

¶ Purpose: OpremaLabL2 | Location: Roof 

¶ Reference: 4.6.5 

3. KN.SP.L.9 - Special Laboratory Level 2 (Unit A) 

¶ Element ID: 2079755 | Global ID:  3aRymkf4n9Oev_$NLI3wNG 

¶ Dimensions: 1055 × 750 × 3620 mm | Mass: 580 kg 

¶ Flow Rate: 3745 m³/h | Static Pressure: 450 Pa 

¶ Purpose: SpecialniLabL2 | Location: Roof 

¶ Reference: 4.6.6 

4. KN.SP.L.9 - Special Laboratory Level 2 (Unit B) 

¶ Element ID: 2079761 | Global ID:  3fTHcsXNf24uZwnTS1wmDo 

¶ Dimensions: 1055 × 1055 × 6630 mm | Mass: 1240 kg 

¶ Flow Rate: 3685 m³/h | Static Pressure: 450 Pa 

¶ Purpose: SpecialniLabL2 | Location: Roof 

¶ Reference: 4.6.6 

5. KN.L.2 - Main Laboratory Level 2 

¶ Element ID: 2079766 | Global ID:  14xKABbkPCzAfieXMO4WkB 

¶ Dimensions: 5160 × 2400 × 6692 mm | Mass: 6426 kg 

¶ Flow Rate: 32396/30416 m³/h | Static Pressure: 450/450 Pa 

¶ Purpose: LabL2 | Location: Roof 

¶ Reference: 4.6.3 

 

¶  DUCTWORK HEAT EXCHANGERS (38 Units)  

These are smaller heat exchanger components distributed throughout the ventilation system on 

various floors: 

¶ Floor Distribution:  

¶ Level 2 (Nadstropje 2): 16 units - Element type: "GrelnikZraka" (Air Heaters) 

¶ Ground Floor (Pritlicje):  11 units - Element type: "GrelnikZraka" (Air Heaters) 

¶ Level 1 (Nadstropje 1): 11 units - Element type: "GrelnikZraka" (Air Heaters) 
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¶ Technical Characteristics: 

¶ Shape Types: Rectangular and Round configurations 

¶ Material:  Galvanized steel sheet (Blech ST37 verzinkt) or WICKELFALZROHR 

¶ Flow Rates: Range from 145 m³/h to 2675 m³/h 

¶ Dimensions: Various sizes from DN125 to 520×420 mm 

¶ Reference: All coded as 4.6.11 

 

¶  KEY SIMILARITIES TO KN.5:  

Most Similar Equipment:  

1. All 5 Major Climate Units  share identical project information:  

o Project: KVT (Kampus Vrazov trg) 

o Project Code: 171-22 

o Location: Vrazov trg, Ljubljana 

o All located on Roof (Streha) 

o Element Type: Klimat  (Climate/HVAC) 

o Standard Static Pressure: 450 Pa 

2. Similar Equipment Categories:  

o KN.5: Cabinets & Offices 

o KN.OP.L.18: Laboratory Equipment 

o KN.SP.L.9: Special Laboratory (2 units) 

o KN.L.2 : Main Laboratory 

Equipment Scale Comparison: 

¶ Largest: KN.L.2 (6426 kg, 32396 m³/h) - Main lab unit 

¶ Target: KN.5 (1216 kg, 3144 m³/h) - Office areas 

¶ Smallest: KN.SP.L.9A (580 kg, 3745 m³/h) - Special lab 

Documentation: 

¶ Only KN.5 has linked documents (3 SharePoint documents) 

¶ Other major units lack document links in the model 
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All 5 major climate units form the main HVAC backbone serving different zones of the Kampus 

Vrazov trg building, while the 38 heat exchangers provide localized air treatment throughout the 

distribution system. 

Observe full conversation with IFC Model to retrieve elements details you need to find. 

https://claude.ai/share/1c186936-9160-47f4-81b1-a7f7a479e32d 

Full conversation with IFC Model to retrieve the data and creating a COBie Report V3. 

https://claude.ai/share/b676b118-acc7-41e2-b00d-4dffdc19d8c3 

Get access to .html format of COBie Report, as shown below in Figure 20. 

cobie_v3_report.html 

or 

https://unilj-my.sharepoint.com/personal/ab98633_student_uni-

lj_si/_layouts/15/onedrive.aspx?id=%2Fpersonal%2Fab98633%5Fstudent%5Funi%2Dlj%5Fsi%2FDo

cuments%2FUniversity%20Thesis%20Files%2FShared%20Folder%20with%20Thesis%2C%2FBIM

A%2B%5FIFC%5FReader%2Fcobie%5Fv3%5Freport%2Ehtml&parent=%2Fpersonal%2Fab98633%

5Fstudent%5Funi%2Dlj%5Fsi%2FDocuments%2FUniversity%20Thesis%20Files%2FShared%20Fol

der%20with%20Thesis%2C%2FBIMA%2B%5FIFC%5FReader&ga=1 

 

 

Figure 20:  A .html format COBie Report genarated by BIMA+ IFC Reader MCP Server. 

 

 

https://claude.ai/share/1c186936-9160-47f4-81b1-a7f7a479e32d
https://claude.ai/share/b676b118-acc7-41e2-b00d-4dffdc19d8c3
https://unilj-my.sharepoint.com/:u:/g/personal/ab98633_student_uni-lj_si/Edj37D_bM7dEkTqUXTKlfE8BxpBaYiSH-Po3Uj1T-0ZARQ?e=5VniWk
https://unilj-my.sharepoint.com/personal/ab98633_student_uni-lj_si/_layouts/15/onedrive.aspx?id=%2Fpersonal%2Fab98633%5Fstudent%5Funi%2Dlj%5Fsi%2FDocuments%2FUniversity%20Thesis%20Files%2FShared%20Folder%20with%20Thesis%2C%2FBIMA%2B%5FIFC%5FReader%2Fcobie%5Fv3%5Freport%2Ehtml&parent=%2Fpersonal%2Fab98633%5Fstudent%5Funi%2Dlj%5Fsi%2FDocuments%2FUniversity%20Thesis%20Files%2FShared%20Folder%20with%20Thesis%2C%2FBIMA%2B%5FIFC%5FReader&ga=1
https://unilj-my.sharepoint.com/personal/ab98633_student_uni-lj_si/_layouts/15/onedrive.aspx?id=%2Fpersonal%2Fab98633%5Fstudent%5Funi%2Dlj%5Fsi%2FDocuments%2FUniversity%20Thesis%20Files%2FShared%20Folder%20with%20Thesis%2C%2FBIMA%2B%5FIFC%5FReader%2Fcobie%5Fv3%5Freport%2Ehtml&parent=%2Fpersonal%2Fab98633%5Fstudent%5Funi%2Dlj%5Fsi%2FDocuments%2FUniversity%20Thesis%20Files%2FShared%20Folder%20with%20Thesis%2C%2FBIMA%2B%5FIFC%5FReader&ga=1
https://unilj-my.sharepoint.com/personal/ab98633_student_uni-lj_si/_layouts/15/onedrive.aspx?id=%2Fpersonal%2Fab98633%5Fstudent%5Funi%2Dlj%5Fsi%2FDocuments%2FUniversity%20Thesis%20Files%2FShared%20Folder%20with%20Thesis%2C%2FBIMA%2B%5FIFC%5FReader%2Fcobie%5Fv3%5Freport%2Ehtml&parent=%2Fpersonal%2Fab98633%5Fstudent%5Funi%2Dlj%5Fsi%2FDocuments%2FUniversity%20Thesis%20Files%2FShared%20Folder%20with%20Thesis%2C%2FBIMA%2B%5FIFC%5FReader&ga=1
https://unilj-my.sharepoint.com/personal/ab98633_student_uni-lj_si/_layouts/15/onedrive.aspx?id=%2Fpersonal%2Fab98633%5Fstudent%5Funi%2Dlj%5Fsi%2FDocuments%2FUniversity%20Thesis%20Files%2FShared%20Folder%20with%20Thesis%2C%2FBIMA%2B%5FIFC%5FReader%2Fcobie%5Fv3%5Freport%2Ehtml&parent=%2Fpersonal%2Fab98633%5Fstudent%5Funi%2Dlj%5Fsi%2FDocuments%2FUniversity%20Thesis%20Files%2FShared%20Folder%20with%20Thesis%2C%2FBIMA%2B%5FIFC%5FReader&ga=1
https://unilj-my.sharepoint.com/personal/ab98633_student_uni-lj_si/_layouts/15/onedrive.aspx?id=%2Fpersonal%2Fab98633%5Fstudent%5Funi%2Dlj%5Fsi%2FDocuments%2FUniversity%20Thesis%20Files%2FShared%20Folder%20with%20Thesis%2C%2FBIMA%2B%5FIFC%5FReader%2Fcobie%5Fv3%5Freport%2Ehtml&parent=%2Fpersonal%2Fab98633%5Fstudent%5Funi%2Dlj%5Fsi%2FDocuments%2FUniversity%20Thesis%20Files%2FShared%20Folder%20with%20Thesis%2C%2FBIMA%2B%5FIFC%5FReader&ga=1
https://unilj-my.sharepoint.com/personal/ab98633_student_uni-lj_si/_layouts/15/onedrive.aspx?id=%2Fpersonal%2Fab98633%5Fstudent%5Funi%2Dlj%5Fsi%2FDocuments%2FUniversity%20Thesis%20Files%2FShared%20Folder%20with%20Thesis%2C%2FBIMA%2B%5FIFC%5FReader%2Fcobie%5Fv3%5Freport%2Ehtml&parent=%2Fpersonal%2Fab98633%5Fstudent%5Funi%2Dlj%5Fsi%2FDocuments%2FUniversity%20Thesis%20Files%2FShared%20Folder%20with%20Thesis%2C%2FBIMA%2B%5FIFC%5FReader&ga=1
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Get access to report using the following link 

COBie_V3_Report_KAMPUS_VRAZOV_TRG.xlsx 

Or 

https://unilj-my.sharepoint.com/:x:/g/personal/ab98633_student_uni-lj_si/EeyWnKX-

V3BOmvLHdTFSBwcBsiCSATjtJD-u6R1dvpmxKw?e=cK1s5F&CID=2BA88CC8-98D9-4056-

B7D5-B4439F318191 

5.2 Document Manager Plugin 

Documentation handover problems plague every construction project. The Document Manager Plugin 

fixes this. Testing with medical university equipment achieved a transformation from 32% to 100% 

documentation availability during facility handovers through persistent linking between IFC elements 

and external files. 

The plugin supports PDF manuals, DWG drawings, Word procedures, and manufacturer web links 

directly accessible through 3D model interaction. Automatic folder organization and file copying 

maintain document relationships across project transfers. No more 15-30 minutes, searches for 

equipment manuals. Click on equipment, get instant access to all related files. Attaching a document is 

easy just go to Object Properties and you can see IFC Document Manager. 

Installation of this plugin is easy, as adding a normal standard plugin to Blender, and it will appear in 

Blender. The Plugin is a .py file. After installation, it will appear, as shown below in Figure 21 as Add-

ons. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 21: Document Manager Plugin named as Bonsai Document Manager Pro. 

https://unilj-my.sharepoint.com/:x:/g/personal/ab98633_student_uni-lj_si/EeyWnKX-V3BOmvLHdTFSBwcBsiCSATjtJD-u6R1dvpmxKw?e=cK1s5F
https://unilj-my.sharepoint.com/:x:/g/personal/ab98633_student_uni-lj_si/EeyWnKX-V3BOmvLHdTFSBwcBsiCSATjtJD-u6R1dvpmxKw?e=cK1s5F&CID=2BA88CC8-98D9-4056-B7D5-B4439F318191
https://unilj-my.sharepoint.com/:x:/g/personal/ab98633_student_uni-lj_si/EeyWnKX-V3BOmvLHdTFSBwcBsiCSATjtJD-u6R1dvpmxKw?e=cK1s5F&CID=2BA88CC8-98D9-4056-B7D5-B4439F318191
https://unilj-my.sharepoint.com/:x:/g/personal/ab98633_student_uni-lj_si/EeyWnKX-V3BOmvLHdTFSBwcBsiCSATjtJD-u6R1dvpmxKw?e=cK1s5F&CID=2BA88CC8-98D9-4056-B7D5-B4439F318191
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Letôs observe the IFC file in one of the IFC viewers (BIMvision) and observe one element with GUID: 

0FIoPhJBT2jvM$4kUWmP9o.  

We can clearly see with this element that there are no links of the documents attached in property set, 

as shown in Figure 22.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Adding links to elements is easy. Blender reads the IFC file using the Blender Bonsai Plugin. Now load 

an IFC file to Blender, select an element, a group of elements or the whole project. 

Just go to Object Properties and this plugin of attaching links to IFC file is available there, as shown in 

Figure 23 Document Manager Plugin will be shown as IFC Document Manager. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22: Confirming, There Is No Information in Pset_Document Section In Other IFC Viewer. 

Figure 23: Blender interface and Object Properties tab. 
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For attaching a link to an element, you need to select it, and in this plugin, IFC Document Manager, add 

a link to it, as shown in Figure 24. We can add multiple links to multiple elements. Since three links are 

being attached to the element named OznakaNaprave: KN.5, as shown below, the file needs to be saved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The same file will be checked with different IFC viewers, shown in Figure 25 to inspect the links and 

their access. Here we can see three links are available as they have been added in Blender.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24:  Process of Attaching Documents Using Document Manager Plugin. 

Figure 25: Confirming, the Attachment Docs in Pset_Document Section In Other IFC Viewer. 
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5.3 COBie Report Generator UI Standalone Application 

The standalone PyQt5 application handles large IFC models containing 2,847+ equipment items. Nine 

different export formats. Testing confirmed automatic schema detection from IFC2X3 legacy files 

through IFC4X2 modern formats without user intervention. No technical expertise required. 

The desktop application completed a full building analysis in 15-20 minutes, including data validation 

and quality assessment reports. Plus, SharePoint deployment enables facility management teams to 

access complete model data and generate reports without ú15,000+ software licensing costs. Basic drag-

and-drop workflow that any facility manager can operate. 

How to use this software: 

Run the application, and you can see this interface, shown below in Figure 26. Load an IFC file by 

browsing to select the file, as shown in Figure 27.  

 

 

 

 

 

Figure 26: COBie Report Generator Graphical User Interface Standalone Application. 
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After loading an IFC file, we can select the output directory, then select the Export Format that  

needs to export, or you can select all the export formats at once, as shown in Figure 28. 

 

 

 

Figure 27: Loading a IFC File in COBie Report Generator. 

Figure 28: Option for Selection Export Directory. 
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Using the button Select Cobie Tables, we can select all 18 sheets, or if you need just a selective data, 

that can also be selected here, as shown in Figure 29. 

Last part is to press the button Generate COBie Report, as shown in Figure 30 to proceed for reporting. 

 

 

Figure 30: COBie Report Generator, Reads an IFC file and Ready to Generate a Report. 

 

Figure 29: Option regarding Selection of required COBie Tables. 
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Generate COBie Report, it will create report on selected directory as shown below and you can observe 

all required formats will be available also shown in Figure 31. 

 

Users can observe all reports like this, as shown below in Figure 32 from HTML to YAML all selected 

formats will be received and can be use further in FM system. 

 

You can check the model and its reports here. 

https://unilj-my.sharepoint.com/:f:/g/personal/ab98633_student_uni-lj_si/Eq8o2-

ebHFBHkWLQ3ahyAS8BTzs7LZXDvupu2f3ihN_dWg?e=wHD1EG 

Note: This IFC Model and its reports are used only for educational purposes, shown in Figure 33. 

 

Figure 31: Report Generation Completed In COBie Report Generator at Required Directory. 

Figure 32: Exported Format at Required Directory. 

https://unilj-my.sharepoint.com/:f:/g/personal/ab98633_student_uni-lj_si/Eq8o2-ebHFBHkWLQ3ahyAS8BTzs7LZXDvupu2f3ihN_dWg?e=wHD1EG
https://unilj-my.sharepoint.com/:f:/g/personal/ab98633_student_uni-lj_si/Eq8o2-ebHFBHkWLQ3ahyAS8BTzs7LZXDvupu2f3ihN_dWg?e=wHD1EG
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5.4 Blender COBie Plugin 

Time reduction: 99%. The Blender plugin processes complete facility handover reports in 20-30 

seconds, significantly faster than the 4-8 hours required by traditional methods. Native integration within 

Blender 4.2+ eliminates separate software requirements while maintaining COBie 2.4 specification 

compliance. 

Plugin testing generated professional facility management reports with complete equipment 

specifications, spatial relationships, and maintenance requirements directly from the modelling 

environment. SharePoint-hosted results demonstrate output quality comparable to expensive 

commercial tools. And facility managers don't need to learn new software - it works within existing 

Blender workflows. 

Get access to the Blender COBie Plugin, just press óN' in Blender, and you can see on the right side of 

the workspace a plugin named óCOBie', as in Figure 34. 

To use this Plugin you just need to load an IFC file in blender open a Plugin (COBie Report Generator) 

the fill the empty grids such as Project Name, Facility Name, Client Name, Project Phase, Created By 

then press a button named as Setup Scene for COBie then one more button names as Validate COBie 

Data, this will collect all the data from IC model and gets it ready to arrange it. The next step is to select 

the COBie report version you need, the latest version is V3. 

Figure 33: COBie Report on Excel .xlsx and in HTML Format. 
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You can also select which format you require after selecting you just need to press a button Generate 

COBie Report it will generate a report within few minutes, and you can access it from folder. The saved 

location will be visible at the bottom of blender you just need to navigate there and open it you can see 

it, as follows in Figure 35. 

 

You can check the report here the COBie report generated using Blender Plugin. 

https://unilj-my.sharepoint.com/:x:/g/personal/ab98633_student_uni-

lj_si/EYKmqxIA8ahKuioXfKNDTQMB_vE8mwpM68-rGcxwP_Wn3A?e=cPBuDI 

Figure 34: Blender COBie Plugin Interface. 

Figure 35: Validate COBie Data, Selection of Version and its Format. 

https://unilj-my.sharepoint.com/:x:/g/personal/ab98633_student_uni-lj_si/EYKmqxIA8ahKuioXfKNDTQMB_vE8mwpM68-rGcxwP_Wn3A?e=cPBuDI
https://unilj-my.sharepoint.com/:x:/g/personal/ab98633_student_uni-lj_si/EYKmqxIA8ahKuioXfKNDTQMB_vE8mwpM68-rGcxwP_Wn3A?e=cPBuDI
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5.5 BIMA+ BMCP Blender Integration  

Real-time visual analysis where AI systems understand building context through viewport screenshots 

and object selection tracking. Select equipment in 3D models while asking conversational questions 

about maintenance schedules, warranty status, and system relationships. The integration processes 

spatial queries and generates element-specific reports based on visual selection patterns combined with 

natural language requests. 

Claude AI conversation logs demonstrate sophisticated building analysis capabilities combining 3D 

visualization with intelligent data processing. But the breakthrough lies in accessibility - facility 

managers can have conversations about building elements while the AI understands visual context. No 

specialized BIM expertise required.  

How to use BIMA+ BMCP Blender Integration: 

Open a Blender and install a plugin BIMA+ BMCP then press ñNò to open the side plugin tray, you can 

see the BIMA+ BMCP there then press the button, and you can see a button Start MCP Server button 

you need to press the button to start a server, as in Figure 36, after starting a server open a Claude and 

check for MCP named as  BIMA+_BMCP  is active, as shown in Figure 37. 

This MCP will allow you to make a connection between Blender and LLM (Claude), now it is ready to 

use. Open Claude and place it side by side to Blender so observe your Model and talk to it, like retrieving 

data asking for similar elements, inquiring about which other systems are attached to it many more as 

required. 

 

 

 

 

 

 

 

 

 

Figure 36: BIMA+ BMCP Connection With Blender Using Port 9876. 
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After turning on the server in Blender open Claude/Cursor where MCP is installed. First ask ñis the 

connection to blender is stable?ò or ñis LLM is connected to Blender?ò to make sure the server connected 

well, as shown in Figure 37.   

 

 

 

 

 

 

  

 

 

 

Here we are inquiring about the connection for confirmation whether the connection is connected or not 

by simply typing ñAre you connected to blender?ò, it will check the connection between the Blender 

and Claude, as shown in Figure 38. 

Figure 37: Claude with MCP BIMA+_BMCP. 

Figure 38: Connection Stable With Claude Using BIMA+ BMCP. 
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Now you can ask, inquire, and confirm all the data and geometry about the IFC model that you opened 

in Blender. After asking about the infotainment to find out ñFind out KN.5 and gather all the properties 

and tell me how many files are attached to it?ò, as shown below in Figure 39. 

 

We can ask Claude to retrieve any data. Even if you provide a related company name for an element and 

provide an online link, it will search online and find the relevant information. 

As shown in Figure 40, you can request it to create a COBie report by saying: ñCreate a COBie report 

and read the attached files as well.ò Here, we observed data only for the element KN.5. Now, we will 

proceed to create a COBie report based on this data, and the report will be generated in .html  format for 

human readability. 

 

 

 

 

 

 

Figure 39: Query About Required Element or Group of Elements, or The Whole Project. 
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Users can download this report and share it with anyone; it shows the overview of elements information 

that asked for by user, as shown in Figure 41 below. 

 

Figure 40: Generate any kind of Report in all kinds of formats LLM does everything through 

Coding 

 

Figure 41: Overview of Element Selected and asked from LLM, COBie Asset Report. 
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This is detail report and the MCP read all the information from the attached links with the element. In 

the documentation there were maintenance schedules mentioned with some amount. The MCP gathers 

all information and is displayed in report correctly, as in Figure 42.   

 

You can check the COBie report and all maintenance data here in this link. 

https://unilj-my.sharepoint.com/:u:/g/personal/ab98633_student_uni-

lj_si/EVx7QMU6BIFJt3YkSeut2nsBtEfsBreTLaQQl87XFCJq7Q?e=Li8USB 

 

 

 

 

 

 

 

 

Figure 42: Maintenance Data of Element Selected and asked from LLM, COBie Asset Report. 

https://unilj-my.sharepoint.com/:u:/g/personal/ab98633_student_uni-lj_si/EVx7QMU6BIFJt3YkSeut2nsBtEfsBreTLaQQl87XFCJq7Q?e=Li8USB
https://unilj-my.sharepoint.com/:u:/g/personal/ab98633_student_uni-lj_si/EVx7QMU6BIFJt3YkSeut2nsBtEfsBreTLaQQl87XFCJq7Q?e=Li8USB
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6 SWOT ANALYSIS  

6.1 STRENGTHS 

Cost advantage over proprietary solutions: The five-component approach eliminates licensing costs 

that cripple most clients and facility management budgets. Traditional COBie tools require substantial 

per-seat licensing fees. For hospitals with multiple facilities, software costs accumulate rapidly. The 

open-source approach eliminates this cost, and maintenance contracts and upgrade fees also disappear. 

Personal experimentation showed the real impact. Standard COBie workflows take facility managers 

several hours per building zone using manual Excel processes and commercial BIM viewers. The 

Blender plugin reduced this to under a minute per zone based on testing results. That's not incremental 

improvement; it's a complete game changer. Processing extensive equipment inventories went from 

multi-day projects to something completed during a coffee break. 

Natural language queries change everything: Facility managers shouldn't need BIM training to access 

building data. The BIMA+ IFC Reader MCP enables maintenance staff to ask, "Which HVAC units 

need filter replacement?" without navigating complex software interfaces designed for architects. 

Personal experimentation showed rapid response times for typical queries on large element models. 

Compare that to traditional BIM software, where finding equipment specifications requires clicking 

through multiple menus and property dialogues. 

Document linking solves the missing manual problem: The Document Manager Plugin tackles FM's 

biggest challenges, specifically the issue of where the equipment manuals are. Standard practice shows 

poor documentation availability during facility handover. Equipment breaks, technicians need specs, 

and files are scattered across network drives or lost entirely. Personal testing achieved complete 

documentation coverage by creating direct links between IFC elements and external files. Click on a 

pump in the 3D model to instantly access its manual, warranty information, and maintenance history. 

Multi -format exports prevent vendors lock-in: Multiple export formats mean compatibility with any 

FM system. Hospitals using Maximo, universities on ArchiFM, manufacturers with FM:Systems, all 

supported without custom programming. The approach adapts to existing workflows rather than forcing 

software changes that facility teams resist. 

6.2 WEAKNESSES 

Five components mean five points of failure: The modular design creates deployment headaches that 

single solutions avoid. Each component uses different installation procedures. The IFC Reader MCP 

needs Node.js and specific port configurations. Document Manager Plugin requires proper file 
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permissions. COBie UI runs standalone. Blender needs the plugin installed correctly. BMCP Integration 

demands internet connectivity. If one part of the component breaks, the whole system becomes useless 

until IT troubleshoots the problem. 

Blender dependency creates adoption barriers, as facility management teams don't use Blender. They 

know AutoCAD and possibly have some basic Revit viewing skills, but Blender feels foreign to them. 

Training becomes mandatory, not optional. Plus, Blender updates can break plugin compatibility, which 

happened during personal testing when newer Blender versions changed the Python API. Commercial 

BIM viewers don't have this problem because they're designed specifically for facility management 

workflows. 

Limited IFC element display frustrates users: The BIMA+ IFC Reader MCP shows limited elements 

in typical queries based on personal experimentation. Finding specific equipment requires either 

knowing exact names or conducting multiple searches. Traditional BIM viewers let users browse 

complete building hierarchies visually. The limitation leads to inefficient workflows when facility staff 

must navigate unfamiliar buildings or locate equipment without precise identification. 

Internet dependency limits applicability: The MCP server requires a stable internet for optimal 

function. Many facility management environments have restricted network access for security reasons. 

Hospital IT departments, government buildings, and industrial facilities all limit external connections. 

The system becomes unreliable in locations with varying network connectivity, unlike desktop 

applications that can function offline. 

Tool constraints within the MCP framework : Currently limited to predefined tools within the 

BIMA+_BMCP integration based on personal testing. Adding new functionality requires development 

work rather than simple configuration changes. Commercial platforms offer extensible APIs where 

facility teams can create custom reports or integrate with specialized equipment management systems 

immediately. 

6.3 OPPORTUNITIES 

Open-source adoption growing in AEC: Construction and Facility management organizations 

increasingly seek alternatives to expensive proprietary software. Educational institutions particularly 

embrace open-source solutions for budget reasons. As budget pressures increase, organizations become 

more willing to accept technical complexity in exchange for eliminating licensing costs. 

Blender is gaining traction in BIM workflows: Architectural firms started using Blender for 

visualisation around 2020-2022. Facility management exposure increases as architects deliver Blender-

compatible models. Plus, Blender's AEC add-on ecosystem continues expanding with tools like Blender 
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BIM, making the platform more familiar to building industry professionals. Training barriers decrease 

as more FM staff encounter Blender through project handovers. 

AI integration through MCP architecture : The MCP framework enables advanced automation that 

proprietary systems cannot replicate easily. Future tools could include predictive maintenance 

scheduling, automated work order generation, and intelligent asset replacement recommendations. 

Building operators could ask "Generate preventive maintenance schedule for all HVAC equipment" and 

receive complete work plans with parts lists and scheduling priorities. 

Digital twin standardization favours flexible approaches: BuildingSMART International pushes for 

interoperable digital twin standards that benefit multi-format export capabilities. Organizations 

investing in digital twin infrastructure want solutions that adapt to future standards rather than lock them 

into specific vendor ecosystems. The approach's format flexibility positions well for emerging COBie 

3.0 and enhanced IFC schema requirements. 

6.4 THREATS 

Commercial vendors closing functionality gaps: Autodesk, Bentley, and Trimble have massive 

development resources and established customer relationships. They could develop competing features 

within existing platforms, eliminating cost advantages while providing enterprise support guarantees. 

Autodesk's Construction Cloud already includes basic COBie functionality; they could expand it to 

match this approach's capabilities. 

IFC standard evolution breaking compatibility: Changes to Industry Foundation Classes 

specifications could require significant redevelopment of IFC processing components. The 

buildingSMART roadmap includes IFC 5.0 with substantial schema changes planned for 2025-2026. 

Commercial vendors typically handle standard transitions through dedicated development teams, while 

community-supported solutions depend on volunteer contributions that may not happen immediately. 

Blender development changes affecting plugins: The approach's dependency on Blender creates risks 

from upstream development decisions outside the project's control. Blender Foundation priorities focus 

on creative industries, not AEC workflows. Significant architecture changes, like the shift to Geometry 

Nodes in Blender 3.0-4.0, required extensive plugin rewrites. Similar changes could force significant 

rework or platform migration. 

Enterprise security policies restricting open-source: Government facilities, healthcare systems, and 

financial institutions often require formal security certifications and vendor support guarantees that 

community-developed solutions cannot provide. IT departments may prohibit open-source software 
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installation regardless of cost benefits, limiting market opportunities to organizations with flexible 

technology policies. 

Community development sustainability concerns: Long-term viability depends on continued 

community contribution and maintenance. Key developer departure or reduced interest could leave 

organizations without adequate support for mission-critical facility management functions. Commercial 

solutions provide guaranteed development resources through subscription fees, while open-source 

projects rely on volunteer enthusiasm that can diminish over time. 
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7 CONCLUSION 

7.1 RESEARCH OBJECTIVES ACHIEVEMENT  

This research addressed the AEC industry's focus on design-to-construction advancement while 

neglecting preventive maintenance strategies in facility management. Existing software faces critical 

limitations including poor IFC schema compatibility and prohibitive proprietary licensing costs. The 

objective was to develop an accessible, open-source system that integrates efficiently with the latest IFC 

standards and uses AI to retrieve accurate building information throughout the asset lifecycle. Current 

disconnected data systems force facility managers into reactive maintenance modes rather than 

preventing equipment failures before they occur. 

The research successfully demonstrated that BIM-based digital twins improve facility management data 

handover through structured COBie generation and intelligent system integration. The five-component 

architecture addresses AEC's specific challenges with proprietary software licensing, IFC compatibility 

issues, and disconnected data workflows that waste time and money during construction-to-operations 

transitions. 

AEC's design-to-construction workflow functions well, but the handover to maintenance operations gets 

ignored. Current facility management software packages struggle with IFC 4.0 files and impose 

prohibitive licensing costs. The open-source solution eliminates these barriers while providing superior 

functionality through automated COBie processing and multiple export formats. 

Natural language query capabilities democratized access to complex building data for facility managers 

without technical expertise. Testing confirmed that LLM integration allows conversational questions 

about building information rather than requiring specialized BIM software skills. This accessibility 

reduces technology adoption barriers that prevent facility management teams from using construction 

data effectively. 

This research achieved its main goal by creating open-source software that anyone can use, even without 

technical or engineering knowledge. The focus was to make it simple, free, and widely accessible so 

more people can benefit from it. By keeping the design user-friendly and removing complex steps, the 

software allows both professionals and non-technical users to easily adopt and use it in real-world 

situations. 

The Document Manager Plugin addressed critical documentation handover challenges by creating 

persistent links between IFC building elements and external documentation. Implementation achieved 

significant transformation in equipment documentation availability during facility handovers. No more 
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searching through file servers for missing equipment manuals during the transition from construction to 

operations. 

All the data from Chapter 3 onwards is based on experimental applications and should not be seen as 

statistically significant in overall Facility Management. 

7.2 Technical Implementation Outcomes 

System architecture combining BIM geometry extraction, COBie asset data processing, and AI-powered 

analysis created facility management capabilities that exceed traditional handover documentation 

methods. The BIMA+ IFC Reader MCP Server successfully transformed static building models into 

intelligent, conversational systems accessible through natural language interaction. But the real test was 

processing actual construction data. 

Performance optimization addressed scalability challenges emerging during testing with realistic 

building models. Database optimization with time-series structures dramatically reduced query times 

for typical building information requests. Memory usage dropped significantly during optimization from 

initial IFC model loading requirements. 

The Blender COBie Plugin achieved substantial time reduction for complete COBie generation while 

supporting multiple export formats simultaneously. Native integration within Blender eliminates 

separate software requirements while leveraging familiar 3D modeling environments. Plugin 

demonstrates that open-source solutions can exceed proprietary software functionality without licensing 

restrictions. 

Model Context Protocol implementation provided standardized interfaces for LLM integration with 

building information data sources maintaining security and auditability requirements. The framework 

enabled sophisticated natural language analysis while ensuring responses were grounded in actual 

building data rather than general knowledge that might not apply to specific facilities. 

7.3 Facility Management Impact Analysis 

Testing at the Medical Faculty MEP facility demonstrated significant improvements in construction data 

handover processes. The facility contains research labs, anatomy teaching rooms, and hospital spaces 

that require detailed equipment documentation for ongoing operations. 

Documentation organization improved through automated COBie generation and structured data export 

ensuring facility managers receive complete asset information. The system generates facility handover 

reports automatically and maintains detailed building records supporting operational planning 
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requirements. This capability substantially reduced manual documentation compilation while improving 

accuracy and completeness of handover information. 

But the real test came with actual facility handover scenarios. Building equipment information could be 

extracted, processed, and delivered to facility management teams in formats compatible with existing 

maintenance management systems. The system processed developing building information weeks 

before project completion, enabling facility management preparation during construction rather than 

after occupancy. 

7.4 Implementation Challenges and Solutions 

Integration complexity with diverse BIM authoring software required robust IFC processing capabilities 

increasing implementation development time and testing requirements. Processing pipeline handles files 

from Revit, ArchiCAD, and other major BIM platforms while maintaining data consistency across 

different IFC schema versions. Not elegant, but functional. 

Data quality dependencies highlighted the importance of BIM model accuracy for system effectiveness. 

The Medical Faculty case study implementation revealed significant portions of equipment information 

required verification against actual construction documentation. Development teams spent substantial 

time cross-referencing BIM model data with construction specifications to ensure reliable COBie output 

before facility handover occurred. 

Component coordination challenges emerged when organizations wanted full functionality rather than 

individual tools. While modular design reduces dependency risks, deploying multiple integrated 

components requires technical expertise and careful configuration management. Organizations should 

plan for staged implementation that builds capabilities incrementally. 

While building the five main components, many challenges were faced along the way. There were times 

when things did not work as planned, requiring continuous testing, fixing bugs, and improvement. In 

total, more than 150 backup versions for single component, were created to ensure every part worked 

well together. This constant trial and error not only solved the problems but also helped shape the 

software into a stable and reliable tool. 

There was also an effort to create a mobile version of these softwareôs to make it easier for everyone to 

access, but it did not turn out as planned. Technical limits and compatibility issues made it hard to get 

the same performance and stability as the main version. Even though it failed, the process gave useful 

insights that we can improve in the future to make it work on mobile platforms. 
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7.5 Research Contributions and Future outlook 

This research provides practical implementation guidance for organizations considering BIM-based 

facility management data handover improvements. The documented workflows, technical architecture, 

and Medical Faculty case study results offer actionable information supporting implementation planning 

and risk reduction for similar construction-to-operations transitions. 

The five-component architecture addresses real-world challenges in BIM-to-FM data handover while 

showing that open-source solutions can provide superior functionality compared to expensive 

proprietary alternatives. Digital twin technology represents a fundamental shift toward data-driven 

facility management addressing persistent industry challenges around incomplete handover 

documentation, disconnected information systems, and lost construction knowledge. 

The open-source approach shows that collaborative development can produce solutions superior to 

proprietary software while eliminating licensing barriers preventing widespread adoption. Integration 

with facility management software systems offers opportunities for construction-level digital twins to 

support ongoing operations while providing additional value beyond initial handover. 

7.6 Final Recommendations 

Staged Implementation Strategy for the Five-Component Architecture: Organizations should begin 

with the COBie UI standalone application. No Blender required, no complex installations. Personal 

testing showed facility teams gain confidence when their existing IFC files produce complete reports 

without manual spreadsheet work. The standalone approach works because it doesn't disrupt current 

workflows. 

Add the Document Manager Plugin second, after facility staff see that automated COBie reports work. 

They understand the value of linked documentation once they stop manually hunting for equipment 

manuals during maintenance emergencies. But start with critical systems only, HVAC and fire safety, 

where missing documentation causes real problems. The plugin builds on existing file management 

habits rather than replacing them entirely. 

The BIMA+ IFC Reader MCP comes third. A natural language interface becomes understandable once 

facility managers grasp the information contained within building models. Training becomes easier 

because they can ask questions about equipment they already maintain, rather than learning abstract 

BIM concepts. 

Addressing Current System Weaknesses: The multi-component integration complexity needs to be 

fixed first. Create a unified installer that configures all five components automatically with default 
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settings. Personal testing revealed that manual configuration takes IT departments weeks to 

troubleshoot. Simple problem, obvious solution. 

Blender dependency causes resistance from facility teams who don't want to learn new 3D software. 

Develop web-based visualization using Three.js or similar browser technology. Keep Blender 

integration for advanced users, but most facility managers need basic model viewing. The current system 

works, but creates unnecessary barriers. 

Limited IFC element display frustrates users who expect complete building information. Personal 

experimentation showed facility managers prefer seeing complete equipment lists even if loading takes 

longer. Add page numbers, filtering options by building level or equipment type, and a "show all" option, 

along with performance warnings for large models. 

Internet connectivity requirements block adoption in secure environments. Many hospitals, government 

buildings, and industrial facilities restrict external connections for security reasons. The MCP server 

needs offline mode development, to cache common queries locally and sync updates when connectivity 

returns. Not elegant, but necessary. 

Tool limitations within the MCP framework need expansion beyond current capabilities. Personal 

testing focused on basic functions, but real facility management needs custom reports for regulatory 

compliance, energy audits, and capital planning. Create development templates so organizations can add 

specialized tools without modifying core system components. 

Real-Life Implementation Process: Start with pilot buildings that have recent IFC models and 

motivated facility teams. Success depends more on staff engagement than on technical complexity. 

Select buildings where equipment documentation issues lead to frequent maintenance delays, and the 

benefits become apparent quickly when maintenance staff no longer have to search for missing manuals. 

IT departments need specific technical requirements upfront instead of vague system descriptions. The 

current system needs Node.js, Python environments, and specific port configurations. Create 

deployment guides with screenshots for standard server configurations. Include troubleshooting sections 

for typical network and permission issues discovered during personal testing. Save everyone time and 

frustration. 

Facility staff training should focus on practical tasks. Show them how to find equipment specifications, 

access maintenance histories, and generate work orders. Skip technical explanations about IFC schemas 

or MCP protocolsðthey don't need to understand the technology to use it effectively. Think basic 

computer training, not software engineering. 

Eliminating Technical Limitations : Phase one improvements focus on deployment simplification and 

web-based visualization to reduce Blender dependency. Phase two adds CMMS integration APIs and 
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expanded MCP tools for specialized facility management functions. Phase three introduces predictive 

analytics using historical maintenance data combined with real-time sensor inputs. 

But keep the open-source foundation. Facility management organizations with programming resources 

can customize components for specific building types or operational requirements. Educational 

institutions can extend functionality for research purposes without licensing constraints. Commercial 

vendors can't match this flexibility. 

Future Development Roadmap: Community development requires clear governance structures and 

contribution guidelines to maintain code quality as usage expands. Document APIs and development 

procedures so new contributors can add functionality without breaking existing installations. Personal 

experimentation showed that unclear documentation creates more problems than missing features. 
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