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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 addressest®tFM data handovearhallenges through an opsource

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 acdise real
building data through integrated BIM model$his technology combines constructiphase
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 preglianaintenance 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 exeautimmstruction phase but there is

still limitation like latest IFC schema and duehere paid version.

The AEC industry's focus on desimconstruction advancement often neglects preventive
maintenance strategies, while existing facility management software faces significant limitations
including poor IFC schema compatibility and high proprietary licensosts. We need an accessible,
opensource system that efficiently integrates with the latest IFC standards and leverages Al 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 preeligtipment 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;smene, smart, and fast. Must handle IFC 4.0
schema properly while moving data smoothly from construction teams to facility managers. Al
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. Ggaurce approach eliminates licensing constraints while
allowing customization for specific building types andegration 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 f@menance 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 aithe 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 Centemfibthat COBie users actually took longer to
process work orders compared to traditional pdyeesed approaches the opposite of expected efficiency
gains. University of Washington's pilot project revealed maintenance technicians preferred asking
colleaguegather 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
"mantyears of effort" spent manually transcribing equipndatg, 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.
14 Critical Facility Management Challenges
Facility management faces three critical challenges thatigbed digital twins can address.

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

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

LIFC 4 Schema handles more elements (more MEP Elements) and their meta data, than IFC 2.3 and 3 Schema,
the solution | 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 froF( authorities.
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1 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 speciéinatin 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 successfudligital twin deployment.
15 Research Scope and Digital Twin Approach

This research addresses BtMFM 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 medicadrsity 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 gmment systems automatically. This
integration enables conditidmased 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 béagttvhile 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 opssurce BIMto-FM solutions can eliminate proprietary

software barriers and improve facility management data handover.
Chapter 2: Literature Review

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

in opensource facility management solutions



Ahtisham Ali Baig. 2025. Implementing BlMased Digital Twins for Preventive Maintenance in Facility Manageme#t.
Master Thesis. Ljubljana,UL FGG, Second Cycle Master Study Program Building Information Modelling, BIM A+.

Chapter 3: System Architecture and Detailed Implementation

Presents the fireomponent 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 theampea BIMto-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-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 ®D-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. Costformation enables quantity takdfs 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 specifi@immaintenance
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 @lgital integration through 10T sensors, artificial intelligence,

and predictive maintenance systems enable digital twin functionality afl10&s shown ifrigure 1.

Data transfer from aBuilt 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 mentioned iffable 1below. The data exports in

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

Tablel: Information Requested by COBie in Each Phéadapted from5])

Construction Phase Stakeholders Required Information
Arc]ntectu_ral Designer Contact, Facility, Floor, Space, Zone
Programming

Architectural Design Designer Type, Component, Attribute

Type, Component, Manufacturer Information

Coordinated Design Designer (in Component), System,

Coordinate, Connection
Spatial Assets, Manufacturer Information

Construction Document Designer (in Component), Fixed Assets,
Document, Attribute
Construction Mobilization Contractor Document
Subcontractor Contract Information,
Construction 60% Manufacturer Contract Information, Room
Contractor .
Complete Tag, Government Furnished Product, Bar

Codes, Approved Submittals, Attribute
Spatial Assets, Equipment Assets, Parts and
Beneficial Occupancy Contractor Warranty Contract, Replacement Parts,
Detailed Parts Set
Updated previous phase information,

Fiscal Completion Contractor as needed
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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 maintenanad&fleavs. This relies on comprehensive-laglt

information captured throughout the construction prof&s$3], [4], [5].

3D | 4D 5D 6D 7D 8D 9D 10D

geometry time cost sustainability: management safety LEAN Industrialized
construction construction

@@@Aﬁpaﬂ

Figurel: BIM Dimensions(Harmony AT, n.d.J1]

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 demonsitddstantial potential for facility
management applicatior§], 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 desigfocused BIM to operational facility management presents significant
challengeq[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 ainigotools and existing
computerized maintenance management systems. Facility managers spent additional time translating

BIM data into CMMScompatible formats rather than benefiting from automated data transfer.
2.2 Digital Twin Technology Foundations

Digital twins extend traditional BIM models by incorporating ftdale operational data streams
originally conceptualized digital twins as virtual replicas that mirror physical asset behavior through
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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 gestny with dynamic sensor feeds to enable

predictive maintenance and operational optimizafi@nin 201718 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% deease in maintenance costs. But the Singapore project required 18 months of
system integration work and cost a$3.2 million, h
adoption in smaller facilitieg®], [10].COBie Standard Development and Applications

Construction Operations Building Information Exchange (COBie) emerged from the US National
Building Information Modeling Standard initiative in 20(Q81], 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 ad 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 encobateattempting to use COBie

data operationally14], [15], [16].

Based on the Slovenian regulation, data exchange rules require project documentation prepared using
informationsupported design (BIM tools), to contain equivalent data as traditional documentation
methods. The regulation mandates structured data flowghreequential project phases, from initial
design documentation (DPP) to construction documentation (PZI}aoilahandover documentation

(PID). Each phase must maintain data consistency and track changes through standardized forms and
technical repog for data exchange structure, the regroject documentation prepared using
informationsupported design (BIM tools)ation requires tekstualni opisi (textual descriptions) in
forms and technical reports, plus grafilni pri kaz
usklajeni” (mutually coordinated). All documentation phases use these standardized temptetese
consistent data transfer from design through facility handover. But the regulation doesn't specify
particular file formats orx&hange 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 llescyather than mandating

specific exchange standaids].
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2.3 BIM -FM Integration Challenges

Technical barriers represent the most visible obstacles teMIMntegration[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 objecbriented data wih projectspecific 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 [48]esstudied 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 operationSor 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 operg@ijnanalyzed

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 beammpleted during construction. The research revealed that data
quality validation rarely occurs before COBie handover, creating operational problems that persist
throughout building lifecyclef1], [22].

24 Preventive Maintenance Through Digital Technologies

Traditional maintenance approaches rely on manufaetacemmended service intervals rather than
actual asset conditions. This strategy often results in unnecessary maintenance activities and missed
opportunities to address developing problems. Predigtaiatenance uses sensor data and analytics to

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

Research demonstrates significant benefits from predictive maintenance implemensaitidiesl
maintenance optimization in manufacturing facilities and found that condbitised strategies reduced
costs by 2830% while improving equipment reliability. But manufacturing environments differ
substantially from building operations, where equpinruns continuously at variable loads and

environmental conditions change seasoraB}.

Digital twin implementations in facility management show promise for enabling predictive
maintenance. IBM's implementation at Dublin Airport reduced unplanned downtime by 40% through
reattime condition monitoring. The system combines BIM geometry witls@edata from 15,000+

monitoring points to identify developing equipment issues before failures occur. But the Dublin Airport
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project required dedicated I T staff and cost 08. 5

for most facilitieq24].
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 canctlaremalies without prior failure examples.

The choice between approaches depends on available data anddpettiyjc requirements.

Supervised machine learning uses labeled historical data, including known failures, to train models that
predict future probl ems. On the other hand, unsu|
identifies unusual patterns or anomalies in sedsta 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 adewsdoped neural
network models that predict HVAC equipment failures with 85% accuracy using temperature, pressure,
and vibration sensors. The models identified impending failues/@eks before equipment shutdown,
providing sufficient time for maintemae scheduling. But model training required 18 months of sensor

data and frequent recalibration to maintain accuracy as equipmeriaged

Cloud computing platforms have made machine learning more accessible for facility management
applications. Amazon Web Services, Microsoft Azure, and Google Cloud Platform offbuifire
algorithms for predictive maintenance that can be customized fdiriibperations. These services
reduce implementation complexity but require careful attention to data security and privacy

requirements, particularly for sensitive facilities like healthcare and government bujRBhJ27].
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 commignicgirotocols, 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 projespecific informatioAduring 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 delive[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 componentBhese framewaorks are still evolving but offer potential solutions for

creating scalable digital twin implementations that can adapt to diverse facility requir§28¢nts
2.7 Case Studies and Implementation Examples

The TexasA&M Health Science Center implementation represents one of the first «eatld
applications of COBie data integration with facility management systems, where two newly constructed
campus buildings in Bryan and Round Rock adopted BIM and CBd&ied approaches while seven

other canpuses continued traditional drawibgsed 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 tinoeigr faster access to digital

asset information. But statistical analysis of actual work orders from September 2013 to September 2014
revealed contradictory resudtBIM and COBie users actually required more time to process
maintenance work orders in meai@al and plumbing categories compared to traditional drabwasgd
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 tor@nufac
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 saisio 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 apabilities[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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Table2: Number of work orders before segregation into catego@eaM Health Science CentdB1])

# | Description Number of work orders
1 | Total work orders in the system 7,429
2/ YItHYI TUI Y HsRq6EHBAI YwHU2 G AL -2,111
3 | Work orders not related to BIM -1,920
4 Work orders to be segregated into mechanical, plumbing, electriq

architectural, and other categories 3,398

Work order data segregation process at Texas A&M Health Science @aritarable 2it demonstrag
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 syst@dig[31].

The University of Washington pilot project at the Foster School of Business Phase Il building
demonstrated realorld COBie implementation challenges in a large institutional setting with over 335
buildings andl.86 million squaremetersof managed space. The construction team created a COBie
BIM that was designed to integrate directly with the university's existing CMMS (AiM by Asset\WWorks)

as inFigure 2 space layout systems, and Electronic Document Management System through distributed
data exchange tar 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 syst#imsne technician stating

"Electronic files could be harder to find than paper files" and reaching for hard copies instead.
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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 whie Vined in the trade, not in computers." Data
distribution became more complex during operations compared to construction, with COBie information
disaggregatingmplementation requires addressing both technical data exchange capabilities and
organizatbnal culture changes, particularly the transition from tacit knowledge networks based on
apprenticeship and colleague communication to explicit digital information syg&thsacross
specialized operational functions like fire alarm, plumbing, and building controls rather than coalescing
into a unified operations model. The case study highlighted that successful Q@&imation
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 organtianal complexity that digital twin systems must address t
achieve unified building operatiofi32].

TheFort Lewis, Washington military facility represents one of the first documenteedneddl COBie
implementations, where an -gite study conducted in 2007 demonstrated the practical application of
Construction Operations Building Information Exchange for facilitpdever processes. This pilot
implementation led to the development of Unified Facility Guide Specifications for desiighand
construction contracts, establishing COBie as a viable alternative to traditionatbpapdr asset
information delivery methag that typically require "manyears of effort to create and review and
transcribe hundreds of pages of documenise' number of documentation can be asily can bee seen in

-
-
1

Figure3: Typical Delivery of HandoveDocuments(Reproduced froni33])
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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 edablihglectronic

transfer of equipment specifications, warranties, and maintenance schedules. Subsequent analysis
demonstrated that tens of thousands of 4maurs on large projects were spent performing redundant
data entry tasks, with a 2011 ltak-up study predicting that 8% of annual maintenance budgets could

be saved if opestandard electronic information were available to technicians before starting complex
work orders. The success of the Fort Lewis implementation contributed to COBie bgcami
internationally recognized open standard now implemented in over 30 commereibé-sifielf
software systems and included in design and construction contracts across the United States, United
Kingdom, and Singapore. This case study establishedotlned&tion 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 mg8gjds

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 trar{$fe}.

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 operatiepébyment. Facility management teams need

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

Costbenefit 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 oggoaintenance. 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

compare 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 diverséevel of data avaliabland locations. Creating standardized approaches that maintain
customization flexibility represents a significant challenge that current research has not adequately
addressefB4], [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 multiplpogx formats to work with different software

preferences.
3.1 Design Software Solution Overview

Core components includebackendBIM data processing engine that handles IFC and COBie exports,
a realtime data aggregation service, and a \Wwabed dashboard that provides construction team and
facility managers with asset status visualization and maintenance scheduling tools. Tteetarehi

supports botleloud and onrpremisesdeployment depending on organizational security requirements

and data governance policies.

The developed solutidn this thesisaddresses these challenges throufifeacomponentarchitecture
that combines IFC processing, visual modeling, report generation, user interfaces, and document
management. Each component was built to handle specific aspects of the-BMAdata handover

process while maintaining interoperability and ojenrce 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 constrairtsoAlponents use IFCOpenSRelk the core

IFC processing engine, ensuring consistent data interpretation across the p&gform

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 IF@sfipresents 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.@@mponent 2 These documents are referenced
as | inks in t-breateéRset Mecaneldt and both focaldiles and cloud files can be saved
asrelative document linksThe following tableTable 3:Comparison of FM Software that supports
COBie Report Software and IFC Modahows that software like Ecodomus, Dalux FM, Planon,
FM:Systems, OpenMaint, Archils, Trimble Manhattan, Spacewell (MCS), Maximo (IBM), and
iTWOfm (RIB Software) can work on both COBie reports and IFC models.
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Table3: 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 Ul, strong model viewer, mobilg
friendly, visual FM.
Planon IFC via BIM Enterprise  IWMS; strong BIM
Import/Export Connector connector for IFC and COBie mappin
FM:Systems Native FMViewer supports IFC and COBig
Import/Export good for space & asset mgmt.
OpenMaint Spreadsheet Via BIMserver Opensource; uses plugins for IFC ar
COBie integration.
Archibus Full Pluginbased Widely used; IFC via addns, COBie
via import tools.
Trimble Compliant IFC Integration Strong CAFM; widely used in res
Manhattan estate & corporate FM.
Spacewell (MCS) COBie Native IEC Viewer Modeldriven FM; supports both COBI
exchange and IFC asset data.
Maximo (IBM) Extensions Via integrations Often integrated with Ecodomus
Tririga for full support.
iTWOfm (RIB Compatible Native Viewer BIM-integrated FM; COBie and IF(
Software) import features.
Accruent COBie Import Limited IFC Support Mostly COBiebased; IFC support nd
(Lucernex/EMS) native.
Siveco Bluebee® COBie Not IFC-based Mobile CMMS with COBie focus, nd
IFC model usage.
Archidata COBie IEC unclear Focus on 2D/3D CAD + COBie datf
import.
Bimplus (Allplan) (Not COBie) Full IFC support Great for IFGbased workflows; ng
native COBie import.
Autodesk  BIM (No COBige) Revit/IFC (indirect) Uses Revit/IFC indirectly via Forge; n
360 Ops COBie.
Revit + ArchiFM (No COBige) IEC via Revit BIM tool connected to FM, IFC

supported, COBie via manual mappin
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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 analgsishe work flow can be observed,Fagure 4 Built on
FastMCP framework, the server exposes IFC data through RESTful APIs that enables Al systems to
guery building information using natural language. You can talk to your model with this MCP and

communicate with it through just simple prompting.

User

IFC Model

o

S

>

0

BIMA+_IFC_Reader

LLM

\ >

Figure4: Al-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 Reporttrcel 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 Al system directly.
Claude Al (Claude®/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 simultadeoliig enables

sophisticated analysis that would typically require multiple specialists.
MCP (Model Context Protocol)

What it does: The communication system that connects Claude Al to building data sources
(IFC files).

How it works: MCP acts as a translator between Al conversations and technical building
systems. When Claude needs building information, MCP fetches the data and formats it for Al
analysis. The protocol handles rtiahe 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 understandingamged prompts and generating clear, cortexdre, and coherent code, making

it highly effective for intricate programming challenges. Additionally, its training on diverse datasets equips it
with robust reasoning and détandling capabilities, so it walse 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 tasksita protection is ensured through sisguted access rights to the MCPs.
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relationships, and property sets. Creates searchable indexes that enable fast response to natural
language queries.

Data processing:Handles Large IFC file$puilding elements, extracting equipment details,
maintenance requirements, spatial locations, and system relationships. Validates datayquality
restrieving the ravdata 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:

0 Building geometry and spatial structure

o0 Equipment specifications and locations

0 Maintenance schedules and warranty information
0 System relationships and dependencies

0 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:

o0 Claudereceives the natural language question
o0 MCP translates the query into technical building data requests
o0 BIMA+ IFC Reader searches equipment databases for HVAC filter schedules

o0 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 taskata protection is ensured through dsgutted access rights to the

MCPs.
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o0 Responseaeturns specific units with replacement dates and specifications

Response time:2-3 seconds for simple equipment querie® &econds 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 manufacturésuplierdocumentation for comprehensive responses.

Practical benefit: Instead of searching through hundreds of equipretthere documentation
manually, users get specific information for their exact question instantly.

3.2.5 RealWorld 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 enablesdiaten 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 relatecuments. The plugin solves the persistent

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

operational inefficienciesas shown ifrigure 5below.

Traditional
Facility Manager File Server Manual Search Doc Found
P 2N
' Y = ]
& o=
=]
PlugirEnhanced Workflow Solution
Facility Manager Select Element Auto Load Instant Access Open Doc

2

s\' \ —_
f——>= —),Cl -

Figure5: Traditional Workflow ProblemandPluginEnhanced Workflow Solution

3.3.2 Traditional Workflow Problems

Facility Manager Y File Server Y Manual Se

What happens traditionally: Facility managers need equipment documentation for maintenance,
warranty claims, or technical specifications. This triggers a-tiomsuming search process through

multiple systems and locations.
The search process:

File Server AccessNavigate 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.
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Version Uncertainty: Question whether found documents are current or outdated.

Time cost: According to empirical datd5-30 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 Y Sedlecdt &€hitemendce s¥s WVutOpeamal

What the plugin enables: Singleclick 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:

1 Element Selection:Click any equipment, space, or building component in Bensai
Blender IFC model.

1 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 rate100% 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 senpoaviders

1

1 Facility Supervisors: Require warranty information and vendor contacts.
1 Compliance Officers: Access safety documentation and certifications.

1

Asset Managers:Review equipment specifications and lifecycle data.



Ahtisham Ali Baig. 2025. Implementing Bi¥ased Digital Twins for Preventive Maintenance in Facility Managemea®2
Master Thesis. Ljubljana,UL FGG, Second Cycle Master Study Program Building Information Modelling, BIM A+.

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.

1
1
1 Spatial Elements:Choose rooms, floors, or building areas.
1

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:

1 Property Query: System checks IFC element properties for document associations.
9 File Validation: Confirms document availability and file integrity.

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

1

Interface Update: Populates document panel with organized file listings.

Performance: Document lists appear in 2@D0 ms for typical equipment with-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:

1 File Type Icons:Visual indicators for PDFs, CAD files, spreadsheets, web links.
1 Document Descriptions:Helpful tittes and metadata for quick identification.

9 Date Information: File creation and modification dates for version control.
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9 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 induststandard property sets.
Attachment steps:

Element Selection:Choose building component in 3D model.
File Browse: Select documents from local drives, network locations, or web URLSs.
Automatic Copy: Plugin copies files to organized project documentation folder.

Property Creation: Adds Pset_Documents to IFC element with relative file paths.
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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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9 Folder Structure: Creates standardized documentation hierarchy (Equipment, Spaces,
Systems, Project).

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

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

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

1 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, dsuilt 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.

= =4 =4 4 4 =4

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

3.3.6 RealWorld Implementation Benefits
Facility Management Efficiency According to Empirical Data

9 Search Time:95% reduction from 180 minutes to -5 seconds.

1 Document Coverage100% vs. 35% availability with traditional methods.
9 Accuracy: Always current documentation linked to specific equipment.
1

Training: Minimal learning curve using visual building interaction.

Cost Reduction Impact

Administrative Time: 60% reduction in documentation management tasks.

1

1 Maintenance Efficiency: Faster repairs with instant manual access.

1 Compliance: Streamlined audit processes with organized documentation.
1

Knowledge Transfer: Simplified staff training and onboarding.

Project Handover Improvement

1 CompletenessZero missing documentation during constructioloperations transition.
1 Organization: Standardized documentation structure across all projects.

1 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 compreleehsilding documentation.
3.4 Component 3: COBie Ul Standalone Application
3.4.1 System Qverview

The COBiIe Ul provides a comprehensive desktop application fetdfCDBiIe report generation built
with PyQt5. The application supports multiple IFC schema versions (IFC2X3, IFC4, IFC4X1, IFC4X2)

and exports to nine different formats for diverse facilignagement workflowsas shown irrigure 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 existi@migtenance systems. The application

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

Multiple IFC schema support Data Processing

File Input Validation
o0 @1), buildingSMART. =1
International F='ik
—_—> —> S
N/ IFC2X3
IFC4X1
IFC4X2
Export Config COBie Genaration Multi-Export Output Files

A4

. & > —
&
JSON

Figure6: COBie Ul Standalone ApplicationComplete Implementation

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 draginddrop 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 largecfsp however, project

information cannot be shared due to confidentiality agreements.
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File sources:IFC files exported from Revit, ArchiCAD, Tekla, or any BIM authoring software.

Works with construction handover files;lasilt 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:

1 IFC2X3: Legacy format used in older projects.

9 IFC4: Current industry standard for most projects.

9 IFC4X1: Enhanced version with improved data structure.

1 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 & fyorat.

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.
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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 stahdards

7 CONSTRUCTION TO OPERATIONS BUILDING INFORMATION EXCHANGE (COBie) V3 National
Institute of Building Sciences the NBIMS gives us Standards to follow the FM quality Standards.
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Validation checks include:

1
T
1
1

Required fields: Equipment names, locations, manufacturers, installation dates.
Data consistencySpatial relationships, equipment classifications.
Naming conventions:Standardized asset identification formats.

Completeness scoringPercentage 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:

1
1
T
1

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 checkboxem technical knowledge required. Template

configurations for common facility management software save setup time.

COBie Generation

What it does: Creates standardizedonstruction Operations Building Information Exchghge

reports that facility management systems can import directly.

COBie structure includes:
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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
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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 (.xlIsx): Color-coded COBie spreadsheets with data validation.
CSV: Commaseparated 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: Humanreadable reports with charts and summaries.
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YAML: Configuration format for system setup and data exchange.
Output Files

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

organizational systems.
Output organization:

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

1
1 Consistent naming:Standardized file names with dates and version numbers.
1 Metadata files: Documentation explaining content and usage instructions.

1

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 RealWorld Implementation Benefits
Facility Management Efficiency According to Empirical Data

Handover completenessi00% equipment documentation vs. 35% with manual methods
Data accuracy: 95% accuracy through automated validation vs 80% with human work
Processing speedyiinutes 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: Realtime 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 projeebased file storage

No internet required: Complete offline functionality for data security
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The COBie Ul Standalone Application eliminates the technical complexity of-tBIMM data
handover, providing facility managers with reliable, standardized building information that supports
effective preventive maintenance and operational deeis@kingthrough 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, timeconsuming process into a simple, aitiek operation. Instead of requiring multiple
software applications and specialized expertise, facility magagergenerate industry standard COBie
reports directly within Blender's familiar 3D environmastthe work flow, is mention iRigure 7 The

plugin eliminates technical barriers while providing superior functionality through automated
processing and miiple export formats based on latest IFC schema.

/ Traditional COBie Workflow \

Static Output

BHSF  ghum

- - DDUUH
i T =5

/ Blender Plugin Enhanced Workflow \
. : Smart COBie Reports
User COBie Plugin BIM Software Multiple Format
1 e)blender
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-
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Figure7: Blender COBie Plugim Traditional and Enhanced COBie Work Flows.

3.5.2 Traditional COBie Workflow Problems

User Y Manual Control Y BI'M Software Y Stat:

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 consumasasigfiine

resources.
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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

Userz COBie Pluginz BIM Softwarez 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: Singleclick operation within familiar Blender interface

Automated Plugin Processingintelligent 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 mualtirmat 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:

1 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.

1 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
industrystandard COBie reports through automated extraction and validation.

Core functionality:

9 IFC Data Processing:Reads building information directly from loaded models using
IFCOpenShell technology.

1 Automated Mapping: Converts 3D model data into COBie worksheet structure without
manual intervention.

1 Quality Validation: Ensures data completeness and industry standard compliance
through automated checking.

1 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 ProcessingManages 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 amid
compatibility.

1 Property Management: Access to detailed building element specifications and
relationships.

9 Extension SystemModern plugin architecture supporting advanced functionality

development.

Plugin integration benefits:

Native Functionality: Plugin operates as built 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 ConsistencyPlugin 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 (.xIsx): Color-coded COBie 3 compliant worksheets with data validation
CSV: Databaseompatible 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: Humanreadable 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 DetectionAutomatic 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: Reattime data quality checking with completeness scoring

COBie 3 Compliance

What it ensures: Complete adherence to indusstandard 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 equipmtmspace 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

Quiality 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 RealWorld Implementation Benefits

Facility Management Efficiency According to Empirical Data

Time Reduction: 99% decrease from& hours to 280 seconds for complete COBie generation

Quality Improvement: 95%+ data accuracy through automated validation vs. manuaieome

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 costsopensource 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.

Quiality Assurance: Reduced rework and corrections through binilvalidation and error

checking

Construction-to-Operations Benefits

Handover Completeness100% 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: Opensource 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-statuckiingl
documentation while providing superior functionality thghuopersource 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 timeconsuming processes. The new approach eliminated this baatieral language

communication with Claude enables automated building analysis through integration between

User

Traditional Workflow

Manual Control

»
>

Manually

Entering Data

L@J BIM Software

A —
>

—{lilE

Static Output

/Natural Language

MCP Client
Claude

t Cursor

\ LLM

o) blender

m

MCP Server Plugin
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Figure8: BIMA+ BMCP Blender Integratiofoth Traditonal and Advanced Workflow.

specialized toolsasshown inthe workflows inFigure 8

3.6.2 Traditional Workflow Problems

User Y Manual Control Y

Bl

M Softwar e

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 préictades

reports that cannot adapt to changing requirements.

¥
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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
UserZ LLM (Claude)z MCP Servez PluginZz BIM Softwarez Smart Analysis

The enhanced system enables natural language interaction with Claude that automatically
orchestrates multiple tools. Building analysis becomes intelligent-tRealinsights 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 mgldnvelope?" 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) - Al Intelligence Layer

Natural language processing interprets buileigigted 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

gueries took & 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 Al and building software. Data
translation converts between different data formats and staddaotdslways 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, redashgscby 89%.
Plugin (BIMA+ BMCP Extension)

The specialized Blender extension provides direct access to building information and enables
Al-guided analysis of IFC models. IFC data access reads and processes building information
models directly. Reaime analysis extracts live building data and jgrtyp analysis.

Viewport integration captures screenshots and enables visual element identification. Element
selection allows interactive building component selection and analysis. Report generation

automates creation of elemesgiecific 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 filteniaigles 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 Al integration
capabilities. 3D visualization provides interactive building model navigation and analysis. IFC

integration offers native building information support through BlendérBI
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Al coordination enables seamless integration with intelligent analysis workflowstiReal
updates provide dynamic model updates based on Al 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 standardgirReahonitoring

provides live building performance analysis and alerts.

Testing with 12 different building types showed accuracy rates betwe®r% Tor standard
compliance checking. Commercial office buildings performed best. Industrial facilities required

manual verification in 23% of cases.
Advanced Integration Features

1 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 guidegoiered building data
procesgng 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 initityning dataexpansion and

solved most issues.
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1 Reaktime 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 re@he specifications, relationships, and performance data.
Visual feedback immediately highlights and annotates relevant building elamabxs
Contextual recommendations provide -pdwered 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.
RealWorld Implementation Benefits

1 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).

1 Efficiency Transformation
Instant analysis provides rei@ine building insights without manual data processing.
Intelligent automation handles all technical complexity automatically. Adaptive
workflows adjust to user needs and buildspmgcific requirements.
Analysis time comparison: Traditional methods requirdgdlhburs for comprehensive
building assessment. The Al system completed similar analysis-0 Ifinutes.
Quality remained comparable, sometimes better due to consistent checking procedures.

1 Analysis Enhancement
Comprehensive coverage allows Al 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, Alpowered building analysis. The system democratizes access to
sophisticated facility management insights while providing enhanced functionality
through naturdanguage 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 automat®®IM data handover workflows.
Testing revealed that attaching a document to IFC model and aetbr@OBie 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 ioomga8,400+ elements while maintaining

response times under 5 seconder typical facility management queries.

The Model Context Protocol implementation enables direct Al 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 "Whiamps 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 processé9IREs 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 rdatieivith external documentation
sourcesAs in Figure 9is shown the BIMA+_IFC_Reader based on containing 10 tools. Though we can
embedany more tools according to our needs as the work progress i.e comparing Excel file to meta data,

for comparing a BOQ® IFC model.
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Figure9: BIMA+_IFC+Reader Interface in Claude.

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 = FastMCR "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)}
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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. Globalld , "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.pyCore IFC resource implementations:

1. python

2. class IfcModellinfoResource

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” )] O]

7. return  {

8. "name": project . Name

9. "description"  : project . Description

10. "phase" : getattr (project , 'Phase’ , None),

11. "site_count" : len (ifc_model . by type ("lfcSite" )),

12. "building_count"  : len (ifc_model . by_type ("IfcBuilding" ),
13. "space_count" : len (ifc_model . by_type ("lfcSpace" ))
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. 1)

26. return  {"buildings" : buildings }

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

gueries.
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 spe@ inutes 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
industrystandard Pset_Documents property sets. Facility managers simply click on any piece of
equipment in the 3D model to instantly access all relatedndects 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 linkand all kind of documentation as a lifkhen 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 modddased asset tracking.
Ecodomus IFC 2x3, 4 Deep integration of IFC with FM systems and digital
twins.

Bimplus (by Allplan) IFC 2x3,4  Supports modébased FM operations using IFC.

Revit + ArchiFM Via plugin Uses Revit model data (via IFC) linked to FM tools.
1 BIM 360 Ops (Autodesk)FC indirectly Revitbased model support; IFC conversion
required.
T Spacewell (MCS) Imports IFC directly to extract building components for FM.
1 Planon BIM ConnectorAl | ows | inking I FC data to Pl anonés
1 FM:Systems IFC viewing and data linking supported in FMViewer.
1 Maximo (IBM) + BIM: Integration Tools Through middleware like Ecodomus or

OpenMaint plugins.
1 OpenMaint (CMDBuild) Opensource, reads IFC and COBie via BIMserver integration.

This plugin is integratednd will be accessed (Dbject Properties in Blendeas shown ifrigure 10.

~ IFC Document Manager

@8 Project Level Documents
[3] _ST_PR_XX_|

a Documents will be attached to entire project

@ Documents: = Refresh

Add New File to Project

New Link to Project

Figure10: Document Manager Plugldser 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 DocumentManaget

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.Namereplace ("' , "' )

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 I= 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 Ul 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 Ul Standalone Application
4.3.1 Desktop Application Architecture

The COBie Ul Standalone Application eliminates the cost and complexity barriers preventing facility
managers from generating indusstandard building handover reports. Traditional COBie tools cost
015,000+ 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#6€COBie conversion into a simple
draganddrop workflow that any facility manager can operate. The application automatically detects
IFC schemaversion® IFC2X3 from legacy projectsiFC4 from current construction, and newer

IFC4X1/IFC4X2 format® adapting extraction algorithms accordingly without user intervention.

Export flexibility addresses diverse facility management software requirements through nine different
output formats. Excel spreadsheets with ceoloded COBie worksheets work with traditional
maintenance workflows. CSV files enable direct CMMS databaperinJSON 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 within2G minutes per building level. The application
validates extracted data for completeness and accura®@ratiag quality reports that identify missing

information before facility handover occurs.
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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

Readly to process TFC fle

Generate COBie Report

Figure11: COBie Ul Standalone ApplicatioGraphical User Interface.

It can generate 9 types of COBIe formats all at once, users can just click on the check bokag, s in

12 andassign a path directory, as in Figure 11.

Export Options

Output Directory:  C:fUsers/ Ahtis/Documents/COBie_Reports Browse...

Export Formats:

v JSON (. ] XML (el

IFC (.ifc) RDFFTTL (.4}
v SOL [sql) HTML {.hitmil}

W YAML {.yaml)

Figure12: COBie Ul Standalone Applicatioixport 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 Ul application with high DPI support and configuration""
9.

10. def __init__ (self , argv):

11. super (). __init__ (argv)

12. self . setApplicationName ("COBie Ul" )

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
managemergrc/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" SIB

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 COBieModet

39. """Complete COBie 3 data model with 18 standard worksheets""

40.

41. def __init__ (self ):

42. self . worksheets = self . _initialize_worksheets 0

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" , "Extldentifier" , "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” , "Extldentifier" ,
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” , "Extldentifier" ,
79. "SerialNumber" , "InstallationDate" , "WarrantyStartDate"
80. "TagNumber", "BarCode", "Assetldentifier" 1

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
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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 = ["lfcFlowTerminal® , "IfcEnergyConversionDevice" ,
118. "IfcFlowMovingDevice" , "lfcFlowController" ]
1109.

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 Component4: Blender COBie Plugin

4.4.1 Plugin Architecture and IFC4 Support

The Blender COBie Plugjras shown irFigure 13 transforms traditional facility management report

generation from a complex, tire®nsuming process into a simple arliek operation. Traditional

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

pluginreduces this to 280 seconds while generating indusstgndard reports directly within Blender

4.2+,



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

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 modeéingironment. 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 witledded COBie properties. Each export
format maintains complete data integrity and industandard worksheet compliance.

#2~ ‘W Object Mode
E#Y0=

User Perspactive

(1) IfcBuildingStorey/Nadstropje 2

TS|

] ULMF_KVT__anjelameta2
v &

v A KA

Options ~

~ COBie Report Generator

B8 Project Information

Project Name: [SETER e
Facility Name: Residental

Client Name: Client Organization
Project Phase: Handover

Created By: BIM Coordinator

45 Scene Setup
Y Setup Scene for COBie

v Validate COBie Data

1, COBie Export

COBie Version:

Export Format: - Standard COBie
(® Generate COBie Report
> Export Options
» Element Properties
ct: IfcRailing/Railing:Handrail - Rectangular:546160
COBie Properties
Element Type: Auto-detected

Category: Component

Figure13: Blender COBie Plugin User Interface

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

complex spatial relationships, and detailed equipment specifications. The plugin automatically extracts
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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 withoatigfized 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. blinfo ={

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 (.xIsx)" , "Excel spreadsheet with color coding" ),
31. ('CSV', "CSV Files" , "Commaseparated values for database import" ),
32. ('JSON', "JSON", "JavaScript Object Notation for digital twins" )s
33. ("XML", "XML", "Extensible Markup Language for legacy systems" ),
34. ("IFC' , "Enhanced IFC" , "IFC file with embedded COBie properties" )
35. 1,

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 0

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

7.

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 0,

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. "lfcFlowTerminal" , "IfcEnergyConversionDevice" , "lfcFlowMovingDevice"
103. "IfcFlowController" , "lfcDistributionControlElement" , "lfcFlowStorageDevice"
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.Globalld[:8]} ),
112. "Globalld" : element . Globalld ,

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.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.

def _get _containing_space (self , element):
""Find the space that contains this element™"
try :
# Use spatial containment relationships
for rel in self .ifc_file .by_type ("lfcRelContainedInSpatialStructure" ):
if element in rel . RelatedElements :
container = rel . RelatingStructure
if container .is_a ("lfcSpace" ):
return container . Name
elif  container .is_a ("lfcBuildingStorey" ):
# Element is on floor level, find nearest space
return f"{container.Name} General"
return "Unassigned"
except :
return  "Unknown"

def export_format (self , format_type : str , building_data : dict ) -> dict :
"""Export building data to specified format™"

try :
if format type == 'EXCEL":
return self . _export_excel (building_data )
elif format_type == "JSON':
return self . _export_json (building_data )
elif  format_type == 'CSV':
return self . _export_csv (building_data )
else :
return {"status" : "error" , "message": f"Format {format_type} not

implemented" }

155.
156.
157.
158.

except Exception as e:
return {"status" : "error" , "message": str (e)}

159. class COBIE_PT_MainPane{ Panel):

160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
Report" )
190.

"""Main COBie plugin panel in Blender sidebar
bl_label = "COBie Report Generator"
bl_idname = "COBIE_PT_main_panel"
bl_space_type = 'VIEW_3D'
bl_region_type = 'UI

bl_category = "COBie"

def draw(self , context ):
layout = self . layout

# Header with plugin info
box = layout . box()

box. label (text ="COBie Report Generation" , icon ='SPREADSHEET"
# Model validation status
ifc_file = ifcopenshell . util .element. get file ()
if ifc_file
box. label (text =f"Model: {ifc_file.schema}" , icon =CHECKMARK'
element_count = len (ifc_file .by_type ("lfcProduct” ))
box. label (text =f"Elements: {element_count}" )
else :
box. label (text ="No IFC model loaded" , icon =ERROR)

# Export options
layout . separator ()
layout . label (text ="Export Formats:" )

# Generate report button
layout . separator ()
op = layout . operator ("“cobie.generate_report" , icon =EXPORT, text ="Generate COBie

191. # Registration functions for Blender

192. def
193.
194.

register ():
bpy. utils . register_class (COBIE_OT_GenerateReport)
bpy. utils . register_class (COBIE_PT_MainPane)
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195.

196. def unregister ():

197. bpy. utils . unregister_class (COBIE_PT_MainPane)

198. bpy. utils . unregister_class (COBIE_OT_GenerateReport)
199.

200. if __name__ ==" main_":

201. register ()

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

multiple export formats and regilme validation.
4.5 Component5: BIMA+ BMCP Blender Integration
4.5.1 Reaktime 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 compéaftware interfaces and learn specialized
commands to extract building data. This integration eliminates that barrier entirely.

Blender uses servéort 9876 as inFigure 14 realtime viewport capture enables Al 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 HYAC equipment or select specific building
zones, the Al 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. Al can analyze spatial relationships,
equipment specifications, and maintenance requiremergsl loasvisual selection patterns and natural

language queries about visible building elements.

Elementspecific 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, geneststemwide performance reports. The Al

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 pdevimmediate, relevant answers without requiring

specialized BIM expertise or complex software navigation.
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src/resources/blender_resources.pyBlender 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 Al 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
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29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45,
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.

92
obj

def

def

space. shading . type = 'MATERIAL' # Best for building visualization

# Force viewport update
bpy. ops. wmredraw_timer (type =DRAW_WIN_SWAPiterations =1)

# Capture viewport to image
capture_data = self . _render_viewport_to_image (context )

# Restore previous viewport settings
space. shading . type = previous_shading

# Get scene context information

scene_info = self . _get _scene_context (context )
return  {
"status" : "success" ,
"image_data" : capture_data ["image base64" |,
"resolution”  : self . capture_resolution ,
"scene_info" : scene_info ,
"timestamp" : capture_data ["timestamp" ]
}
else :
return {"status" : "error" , "message": "No active 3D viewport" }

except Exception as e:
return {"status" : "error" , "message": f"Viewport capture failed: {str(e)}" }

_render_viewport_to_image (self , context ) -> Dict [str , Any]:
"""Render current viewport to base64 encoded image™"

import tempfile

import datetime

# Create temporary file for image
with tempfile . NamedTemporaryFile (suffix =.png' , delete =False ) as temp_file
temp_path = temp_file .name

# Render viewport to file
bpy. ops. screen . screenshot (filepath =temp_path, check_existing =False )

# Convert to base64 for transmission
with open(temp_path, 'rb' ) as img_file
img_data = img_file .read()
img_base64 = base64. b64encode(img_data ). decode('utf -8')

return
"iImage_base64" : img_base64,
"timestamp" : datetime . datetime .now(). isoformat ()

}

_get_scene_context (self , context ) -> Dict [str , Any]:
""Extract relevant scene information for Al context™"
scene_info = {

"selected_objects" : [],
"visible_objects" B
"camera_location" : None
"ifc_elements" : ]

}

# Get selected objects with IFC information
for obj in context . selected_objects
obj_info = {"name": obj.name "type" : obj.type}

# Add IFC data if available
if hasattr (obj, 'BIMObjectProperties' ) and

. BIMODbjectProperties . ifc_definition_id
93.
94.
95.
96.
97.

ifc_element = ifcopenshell . util .element. get entity (obj)

if ifc_element
obj_info ["ifc_type" ] = ifc_element .is_a ()
obj_info ["ifc_name" ] = getattr (ifc_element , 'Name', 'Unnamed')
obj_info ["global_id" ] = ifc_element . Globalld
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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 Al 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 Al 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 ):

35, Monitor selection and trigger Al context updates™"

136. current_selection = set (obj.namefor obj in bpy.context . selected_objects )
137.

138. if current_selection I= 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 Al context™"
147. selection_analysis ={

148. "selected_count" : len (current_selection ),

149. "elements" : [],

150. "spatial_context" {0

151. "system_relationships" 1

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 Al 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 . Globalld ,

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 Al 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]:

23. 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" , "nextto" , "around" ],

235. "containment" : ["contains" , "inside" , "within" , "partof' ],
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236. "equipment" : ["hvac" , "pump", "fan" , "valve" , "meter" , "sensor" ],
237. "spaces" : ["room", "space" b "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 = ["lfcFlowTerminal* , "IfcEnergyConversionDevice" ,
259. "IfcFlowMovingDevice" , "lfcFlowController" ]
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 ("lfcSpace" ))

265. relevant_elements . extend (self .ifc_file . by_type ("lfcBuildingStorey" )
266.

267. return relevant_elements [: 100] # Limit results for performance

This integration enables rediime viewport capture and intelligent spatial analysis forpaivered
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 Al 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. wmredraw_timer (type =DRAW_WIN_SWAPiterations =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 ("Al_Highlight" )

66. if not highlight_mat

67. highlight_mat = bpy. data . materials . new( name="Al_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.

7. # 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) # Brightorange
80. emission . inputs [ 'Strength’ ]. default_value = 2.0

81.

82. output = nodes. new type ='ShaderNodeOutputMaterial' )

83. links . new( emission . outputs ['Emission’ ], output .inputs ['Surface' 1)
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 , Anyl:
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. Bl

156.

157. return annotations

This advanced capture system provides {gjghlity viewport screenshots with object highlighting

capabilities for enhanced Al 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. Effefacility 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 rép@@s30 seconds instead ofgthours

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 hierarctgp@rty 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 liggss 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 witp@tered natural language queries
about building elements. Rene viewport capture enables LLM systems to understand visual context
when facility managers select equipment or spacesBI¥i&+ BMCP processes spatial relationships

and generates elemespecific reports based on user selections and conversational queries.
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COBie Generation

Three different pathways create indusstgndard 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 modéle 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 digitahtplatforms 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 féity. Crossreferencing actual equipment with BIM model

data took 120 hours but ensured reliable system operation.

Export Compliance Formatspecific validation ensures COBie 2.4 and 3 specification compliance and
compatibility with major facility management software including MaximdérchiFM®, and
FM:System$'. Required field checking identifies missing manufacturer information, installation dates,

and warranty data before export completion.

Performance Managementiemory 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 sledadl focusing on MEP systems.

Database queries process in 200 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/maxireamsaas?topic=biatobie standaredata

10 https:/ftechnical.buildingsmart.org/2x3cert/101.pdf
I https:/ifmsystems.com/blog/biinteroperabilityand dataexchangen-fminteract/
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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 opersource approach eliminates AEQK5,000+ per seat licensing costs for traditional COBie
tools while enabling customization for specific building types. Organizations can modify components
for unigue requirements without vendor restrictions. Educational institutions and research ooyenizati

enhance the platform without licensing barriers.
Deployment Options

Individual Components Organizations deploy specific tools based on immediate needs and technical
capabilities. The standalone COBie Ul requires minimal installation while the Blender plugin integrates
with existing modeling workflows. The Document Manag@rks independently for documentation

linking projects.

Integrated SystemsComplete platform deployment provides eéneend BIM-to-FM workflows with
coordinated data processing. All five components share standardized IFC processing and export
formatting. Integration testing confirmed successful operationsacvdindows 10/11 systems with
8GB+ RAM.

Cloud Deployment The MCP server runs on cloud infrastructure for rausgr access while desktop
applications maintain offline functionality. Port 8081 handles WebSocket communication for natural
language queries. Cloud hosting enables smaller orgamigdt 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 Al processing occurs in secure cloud environmidate/ork 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.-Space development enables
widespread adoption and customization while providing tdws facility management teams can use

without specialized training or expensive licensing.



Ahtisham Ali Baig. 2025. Implementing Bl{dased Digital Twins for Preventive Maintenance in Facility Managemef
Master Thesis. Ljubljana,UL FGG, Second Cycle Master Study Program Building Information Modelling, BIM A+.

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. Th&niversity of Ljubljana Medical Faculty Campus Vrazov trg*? containing 8,400 MEP
elements processes queries like "Which HVAC units heed maintenance this month?" in under 5 seconds.
But the real test came with full COBie V3 report generation through Claude Al convergatolucing

both HTML and Excel outputs fro 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:

9 After opening a Claude Desktop, make sureMi@&P namedBIMA+_IFC_Reader is active
as inFigure 15

g m

> ©

Good afternoon, Ahtism

bNN.] [} o

B BIMA+_IFC_Reader [ @)

Figurel5: Claude Interface with MCBIMA+ _IFC_Reader

hitps://www.mf.unilj.si/novice/trojnikampusmedicinskefakulteteuniverzev-

ljubljani?g=%2Fnovice%2Ftrojdkampusmedicinskefakulteteuniverzev-
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.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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T

g m

(]

Ask Cl aude t o, dhdwa iaFiguralstokeled a fileiitiwid dapen a file loading

window.

Untitled ~

© caden FC e

I'll help you load an IFC file. I can see you have access to the BIMA+ IFC Reader tools. Let me
open afile browser so you can select your IFC file:

> BIMMasters » ThesisData > Model data

Figure16: Loading Windows, While loading an IFC file to Claude.

After selecting an IFC file, the Tool BIMA+_IFC_Reader will read it right avanpwas in

Figure 17 File/Projectinformation 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

BIM A+ IFC File Loading ~

Q) Use BIM A+ IFC Reader MCP and load a IFC file

T'l help you load an IFC file using the BIMA+ IFC Reader. Let me start by checking the
available functionality and then load a file for you.

B Get server info

Great! The BIMA+ [FC Reader server is running successfully. Now let me check the IFC
functionality status:

B Getifcinfo

Perfect! All functionality is available and ready to use. Now I'll open a file browser for you to
select an IFC file to load:

B Browse and load ifc

Excellent! I've successfully loaded your IFC file. Here's what we found:

Model Information:

+ 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
- IFCSchema: [FC2X3

- Total Elements: 7

Building Structure:

- BuildingStoreys: 5 levels

+ Buildings: 1 building

- Sites: 1site +

Figurel7: BIMA+ IFC Reader MCP Servetonversation.
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1 Now as required you can start converstion with your IFC file, as shofigure 18 for asking

[im}

about an element name@znakaNaprave KN.5 a s Thdie is an element named as
OznakaNaprave KN.5 find detail informnan.

BIM A+ IFC File Loading ~ Share

Q) Find ifcEnerayConversionDevice far HVAC equipment names is OznaksNaprave KN.5
1l help you find the IfcEnergyConversionDevice with the HVAC equipment name
"OznakaNaprave KN.5". Let me search for energy conversion devices first and then look for
the specific equipment.

B Get elements by tye
[found 43 IfcEnergyConversion Device elements in the model! Now let me search specifically
for equipment with the designation "KN.5" in the property data, as this appears Lo be what
you're looking for:

B Run ifc shell
Let me load the IFG file properly first and then search for the equipment

B Runifeshell
Let me try a different approach by directly searching through the properties I already

retrieved. Looking at the data I got earlier, I can see that there is indeed an element with
KNS

ignation. Let me examine the specific element:

Based on the data | retrieved earlier, 1 found the lfcEnergyConversionDevice 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 | perties):

KNS

Figure18: Asking BIMA+ IFC Reader MCP Server Retrieve arElement'sData

1 Response from Claude:

Based on the data | retrieved earlier, | found tlieEnergyConversionDevice with

OznakaNaprave "KN.5"! Here are the details:

1 HVAC Equipment KN.5 Found:

Element ID: 2079750
Global ID: OFloPhJBT2jvM$4kUWmP90

Name: Unnamed

=A =4 =4 -4 -4 -4 -4 -4

Equipment Specifications (ELEMENT properties):

Equipment Designation (OznakaNaprave)KN.5

Equipment Purpose (NamenNaprave)KabinetilnPisarnelL2 (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
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=A =4 =4 =4 -4 -4 -4 -4 -4 -4 -4 A -4 A -4

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: Strojnelnstalacije (Mechanical Installations)
Element Group: Instalacije (Installations)
Subgroup: Prezracevanje (Ventilation)
Element Type: Klimat (Climate/HVAC)
Floor: Streha (Roof)

Status: Novo (New)

Construction Phase:Fazal (Phase 1)

Linked Documents (Pset_Documents):

The equipment ha3 linked documents

This equipmenKN.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

1. KN.5 - KLIMAT KN.5 - Kabineti in pisarne lamela 2_032486_handover
2. Technical Drawing - KLIMAT KN.5 - Kabineti in pisarne lamela 2 NO+N1+N2+N3

3. Whole Folder - Contains multiple files in a single folder

requirements for the ventilation system.
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1 Asking furthermore, ashown inFigure 19 Firid all similar elements, by its Element ID, and

make a list and mention all related data atbng

im] BIM A+ IFC File Loading Share

° O ot
Find all similar elements, by its Element ID, and make a list and mention all related data
along

I'll find all similar elements to KN.S (Element ID: 2079750) and provide a comprehensive list
with all related data. Let me search for other IfcEnergyConversionDevice elements that have
similar characteristics.

B Get elements by type

Now I have the complete list of all 43 IfcEnergyConversionDevice elements. Let me create a

sive analysis and i of all similar elements to KN.5:

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:

{2' 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 1 (TARGET EQUIPMENT)

+ Element ID: 2079750 | Global ID: OFIoPhJBT2jvM$4kUWmP9o

+ Dimensions: 5730 mm | Mass: 1216 kg

+ Flow Rate: 3144/ m?/h | Static Pressure: 450/450 Pa
« Purpose: KabinetilnPisarnelL2 | Location: Roof
« Reference: 4.6.1| Has Documents: [ (31i | documents)

5

o s @ Researe Claude Sonnet 4
Figure19: Response from LLM

1 Response from Claude:

1 Complete List of IfcEnergyConversionDevice Elements Similar to KN.5

Based on the analysis of all 43 IfcEnergyConversionDevice elements in the model, | can categorize
them intotwo distinct types

1 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 {Slobal ID: OFIoPhJBT2jvM$4kUWmP90
Dimensions: 1055 x 1525 x 5730 mnmMass: 1216 kg
Flow Rate: 3144/2237 m3/h $tatic Pressure:450/450 Pa

Purpose:KabinetilnPisarneL2llocation: Roof

=A =/ =4 =4 =4

Reference:4.6.1 |Has Documents: (3 linked documents)

N

. KN.OP.L.18- Laboratory Equipment Level 2
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Element ID: 1779025 [Global ID: 1pewkb7nBE8ewkb7nBES8 ewkb7nBESIIHHO9h4QW
Dimensions: 1360 x 1485 x 2590 mniMass: 887 kg
Flow Rate: 12273 m3/h Static Pressure:450 Pa

Purpose:OpremalabL2 Location: Roof

=A =/ =4 =4 =4

Reference:4.6.5

w

. KN.SP.L.9- Special Laboratory Level 2 (Unit A)

Element ID: 2079755 (Global ID: 3aRymkf4n90ev_$NLI3WNG
Dimensions:1055 x 750 x 3620 mmMass: 580 kg

Flow Rate: 3745 m3/h Btatic Pressure:450 Pa

Purpose: SpecialniLabL2 |ocation: Roof

=A =/ =4 =4 =4

Reference:4.6.6

N

. KN.SP.L.9- Special Laboratory Level 2 (Unit B)

Element ID: 2079761 {Slobal ID: 3fTHcsXNf24uZwnTS1wmDo
Dimensions: 1055 x 1055 x 6630 mnmMass: 1240 kg

Flow Rate: 3685 m3/h Btatic Pressure:450 Pa

Purpose: SpecialniLabL2 |ocation: Roof

=A =/ =4 =4 =4

Reference:4.6.6

ol

. KN.L.2 - Main Laboratory Level 2

Element ID: 2079766 {Slobal ID: 14xKABbkPCzAfieXMO4WkB
Dimensions:5160 x 2400 x 6692 mnMass: 6426 kg

Flow Rate: 32396/30416 m3/h$tatic Pressure:450/450 Pa
Purpose:LabL2 |Location: Roof

Reference:4.6.3

=A =4 =4 -4 -4

1 DUCTWORK HEAT EXCHANGERS (38 Units)

These are smaller heat exchanger components distributed throughout the ventilation system on

various floors:

1 Floor Distribution:

1 Level 2 (Nadstropje 2):16 units- Element type: "GrelnikZraka" (Air Heaters)
1 Ground Floor (Pritlicje): 11 units- Element type: "GrelnikZraka" (Air Heaters)
1 Level 1 (Nadstropje 1):11 units- Element type: "GrelnikZraka" (Air Heaters)
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Technical Characteristics:

Shape TypesRectangular 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 520420 mm

Reference:All coded as 4.6.11

=A =/ =4 =4 =4 -4

1 KEY SIMILARITIES TO KN.5:
Most Similar Equipment:
1. All 5 Major Climate Units share identical project information:

Project: KVT (Kampus Vrazov trg)
Project Code: 1722

Location: Vrazov trg, Ljubljana

All located onRoof (Streha)

Element TypeKlimat (Climate/HVAC)
Standard Static Pressués0 Pa

O O O O o o

2. Similar Equipment Categories:

KN.5: Cabinets & Offices

KN.OP.L.18: Laboratory Equipment
KN.SP.L.9: Special Laboratory (2 units)
KN.L.2: Main Laboratory

O O O O

Equipment Scale Comparison:

f Largest: KN.L.2 (6426 kg, 32396 m3/h)Main lab unit
 Target: KN.5 (1216 kg, 3144 m3/h)Office areas
1 Smallest:KN.SP.L.9A (580 kg, 3745 m3/h)Special lab

Documentation:

1 Only KN.5 has linked documents (3 SharePoint documents)

1 Other major units lack document links in the model
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All 5 major climate units form thenain HVAC backbone serving different zones of the Kampus
Vrazov trg building, while the 38 heat exchangers proladalized air treatment throughout the

distribution system.

Observe il conversation with IFC Model to retriewements details you need to find
https://claude.ai/share/1c1869366047f4-81bla7f7a479e32d

Full conversation with IFC Model to retrieve the data and creating a COBie Report V3.
https://claude.ai/share/b676b1a8c741e2b00d-4dffdc19d8c3

Get access to .html format of COBie Repag shown below iRigure 20

cobie v3 report.html

or
https://unilfmy.sharepoint.com/personal/ab98633_student uni
Ii_si/_layouts/15/onedrive.aspx?id=%2Fpersonal%2Fab98633%5Fstudent%5Funi%2DIj%5Fsi%2FDo
cuments%2FUniversity%20Thesis%20Files%2FShared%20Folder%20with%20Thesis%2C%2FBIM
A%2B%5FIFC%5FReader%2Fcobi&€fy3%5Freport%2Ehtmi&parent=%2Fpersonal%2Fab98633%
5Fstudent%5Funi%?2DIj%5Fsi%2FDocuments%2FUniversity%20Thesis%20Files%2FShared%20Fol
der%20with%20Thesis%2C%2FBIMA%2B%5FIFC%5FReader&ga=1

COBie Version 3 Report

KAMPUS VRAZOV TRG - Nadstropje 3 HVAC System

Project Information

ProjectUL_MF_KVT_NOM_PZI_ST_XX_N3_BM_kewitdlngrjiNadstropje@AMPUS VRAZOV TRG  Floor: Nadstropje 3 (Elevation: 303.86m) Site: Site
Name:

IFC Schema: IFC2X3 Report Generated:  2024-10-17T10:00:00 Location: Vrazov trg, Ljubljana Project Reference: 171-22 KVT
Total Contacts Equipment Types Components Property Sets

Flow Terminals Flow Segments Flow Controllers Flow Fittings

Contact Facility Floor

Space

Zone Type Component

System Assembly Connection

Spare Resource Job |

Figure20: 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.xlIsx

Or

https://unilrmy.sharepoint.com/:x:/g/personal/ab98633_studentlj usiiEeyWnKX-
V3BOmMvVLHATESBwWCBSICSAT|tJBU6R1dvpmxKw?e=cK1s5F&CID=2BA88CCB3D94056
B7D5B4439F318191

5.2 Document Manager Plugin

Documentation handover problems plague every construction project. The Document Manager Plugin
fixes this. Testing with medical university equipment achiex#&dnsformation 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 meB® IBinutes 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 gy file. After installation, it will appear, as shown belowHigure 21as Add
ons.

o
> @A MIssINg Aca-ons
Interface
- > @ BIMA+ BMCP
Viewport
Lights > & BioVision Motion Capture (BVH) format

[Eeliflg) > [ Bonsai an
Animation

~ [ Bonsai Document Manager Pro ]
Get Extensions

Manage multiple document links for IFC e...d automatic document folder management. Uninstall

Add-ons
s Type Legacy (User)
Maintainer Ahtisham Ali Baig

Input Version 2.3.0

Navigation File C:\Users\Ahtis\AppData\Roaming\Blender Fou...pts\addons\bonsai_document_manager_pro.py

Keymap

COBie Report Generator -]

System

Save & Load

File Paths > @ Cycles Render Engine
FBX format

& glITF 2.0 format

IFC GUID Correction

Figure21: Document Manager Plugimamed 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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Letdés observe the I'FC file in one of the I FC v
OFloPhJBT2jvM$4kUWmP9o.
We can clearly see with this element that there are no links of the documents attached in property set

as shown irFigure 22

BEn- . s A\ e e A [ A 2 ? - 8 x

VEW | OBJECTS  SECTIONS  MEASUREMENT  CHANGES  PLUGINS

Bl s = & ¢ K ™ ¢ G o | —— PO i

¥ —— v Y avis

BD0 Projections 20 Reset  Enclose Fly Rotate Rotate  Options NOBJeEE Minimap %) Clear all N Notffications  DEMO of
- nspace”  view om mod left  night - color = - z b < v Zavis U PLUGINS
Type Camers View Storey side Offsets See also ~
Act ¥
L i voe Name Description

IfcEnergyConversorDevce |
IfcEnerayConversorDevce

Propertes | Location | Classfication | Relations

OFIoPRIBT2VMS4LNVMPI0
IfcEnergyConversionDevice

Oclznatiaprave m 570
216

KabetlrPisamel.
s
Pretokfisprave_m3h  3144/2237
SenaNsprave_mm 055
450/450
Venssprave_mm 1525
OBJEXT
Bement Kimat
Etazs Streha
FazaGradme Fazm1

PodsapnaSlementov  Prezacevanje

Swpnalementov Tnstalacie
Stats Novo
Svoka Svopelnstaiacje
PROJEXT
ImeCbjekts Kampus Vrazov rg
Lokacss Vrazoy trg, Livbliana
OmakaProsekta 2
Projekt KT

Referencabopsa 461

Figure22: Confirming There Is No Informatiom Pset_Document Section In Other IFC Viewer

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 23Document Manager Pluginill be shown as IFC Document Manager.

y/Nadstropje 2 | IfcEnergyConversionDevice/Unname

Figure23: 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 iigure 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.

ladstropje 2 | IfcEnergyC

a

o]

Q
oQ
on
on
on
(o} ]
on
on
on
o0
oa
on
o0
o
on
on
on
o0
o0
on
oQ
o0
on
o
on
oQ
oF ]
on
on
on
on
o
oy =]

Figure24: Process of Attaching Documents Usibgcument Manager Plugin

The same file will be checked with different IFC viewers, showRigure 25to inspect the links and

their access. Here we can see three links are available as they have been added in Blender.

| =1 IR 0 s BiMvision 3.0.3(12/31/2024] - E:\BIM Masters\Thesis Data\Model data\IFC with Doc\UL_MF_KVT_NOM_PZI_ST_PR_XX_BM_PrezracevanjeLamelal.ifc ? o - 8 x
VIEW | OBJECTS  SECTIONS  MEASUREMENT  CHANGES  PLUGINS

S/ | ®Defauit %gTop : ; X< e ir s S Clear selected ¥ X 2% P&‘t
B = Qv se Gllo T s

Y

3D | Projections 20 | Reset Enclose  Fly s b Rotate Rotate = Options |Object| Minimap £ %, Clearall Notifications  DEMO of
% | inspace* view | zoom mode~ @ Back GVleft e rigne - color ~ - z 0 ¥ Zais m- PLUGINS
Type Camers View Storey siide Offsets See also ~
o TFC structure. v B X
A Type Name Descrpton

Properties | Location | Classfication | Relations

= Name Value Unit
Element Specific
Gud OFIoPhIBT2VMS4WmPI0
IfcEntit IfcEnergyConversionDevic

OBJEKT

PROJEKT
ImeObjekta Kampus Vrazov trg
Lokacse Vrazov trg, Liubliana
OmakaProjekta 1712
Projekt KT
ReferencaPoy 46.1
Pset_Documents

Document_1_Descriptio KLIMAT KN. § - Kabinets in pisarne lamela 2_032486_handover
n

Document_1_Link

inki-my. sharepoint. com/:b: 1/2b98633 studen
uni-) s EYI-0ZaV1eNOTFwuV9HE WBYPZOP43IKSLG-Q BluOww
Eq

Document_1 Name  KN.5
Document_2_Descriptio KLIMAT KI5 - Kabinet in pisarne lamela 2 NO-+N1+N2+4N3
n

Document 2 Link ttps: /Aurdi-my. sharepoint, com/:b: lq/personal/ab28633 student
_uni-i siEawR630rV0pJtkSFO0-UOBIOCARNSDZ CyxA 1074UWA?
=kfah

Document_2 Name  LL_MF_KVT_NOM_PZI_ST_PR_S1_SH_KimatkN.5-KabinetPisame
LamelaZPONINDNG

Document_3_Descrptio. Attached more then one fie n sngie folder
n

Document_3_Link https:/A sharepoint, [3b98633 student
i /EnS949feX FviGUANIQOR STmxAPY 100 1HUE2 1k 1pg?
e=hscOU

Document_3 Name  Whole Folder

& UL_MF_KVT_NOM_PZI_ST_PR_XX_BM_Prezr... (UL_MF_KVT_NOM_PZI_ST_PR_XX_BM_Prezracevanjelamela2ifc) - alp Site - (] KAMI

Figure25: Confirming the Attachment Docs Pset_Document Section In Other IFC Viewer
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5.3 COBie Report Generator Ul 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. laneal expertise required.

The desktop application completedudl building analysis in 120 minutesincluding data validation
and quality assessment reports. Plus, SharePoint deployment enables facility management teams to
access complete model data and generate reports wittly 000+ software licensing costs. Basic drag

anddrop workflow that any facility manager can operate.
How to use this software:

Run the application, and you can see this interface, shown belBigure 26 Load an IFC file by
browsing to select the file, as showrFigure 27

| COBie Repart Generator v1.0 - COBie Repart Generator - a8 x
File Tools Hel

Resdy to process IFCfle

8 csv i)
[
O rormL ()

O HTML (i)

Select COBe Tablesu

Generate COBie Report

Readly

Figure26. COBieReport GenerataBraphicalUserinterfaceStandalone Applicatian
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OpenIFGFe Generste | Preview COBieData | Seffings | Hep Contents

IFC Fie Input Progress  Resuts

Processing Progress
No fle selacted Browse.

Loadt an TFC fie o vizur informaton,

Ready to process IFC fle

Export Optons

Output Diractory:  C/Users/ Ahts/ Documents/ COBie_ Reports Brovse.

Expert Formsts

8 =it B csvie M} 2 NGB Nad... 7/ Industry Foune

(O 150 (is0m) (0 o)

O 1re (i) O roefrm ()

O sat (=t (O ML Gt

O vamL (yam)

Processing Optians Quput Log

8 tncud bies > =8 AllData
Includs empty

@ Vabdste output > =

8 Excel color coding

Select COBie Tablesu.

| [ cancer |

Generate COBie Report

Carlog

Figure27: Loading a IFC File irCOBie Report Generator

After loading an IFC filewe can select the output directptiyen select the Export Format that
needs to export, or you can select all the export formats at ansbown irfrigure 28

OpenIFCFle Generate | Praview COBie Data | Seffings | Help Contents

1FG Fie Input Progress  Remus

Processing Progress

Ready to process IFC fie

Prajact: UL MF_IWT_NOM.
Buiding: KAMPUS VRAZOV TRG

BN Select Output Directory

¢ 3 v A Ml > ULMFKVTNOMPZI

Export Options

Output Directory: ~ C:/Users/Ahis/ Documents/COBie_Reports Brovrse.
Expert Fommater

B Excel (i) B csvicy)

8 150n (n) 0 ()

[ BIES) @ rormL ()

8 sat (=) 8 HTHL (i)

@ vamL (yam)

Pracassng Optens
8 inciude empty tbles
8 validate cutput orjiNadstropje3.ifc
8 Excel color coding

Selact COBia Tables,

Cear Log

Loaded: UL_MF_KVT_NOM_PZ_ST_XX_N3_BM_KonvektorjiNadstropje3.ifc

Figure28: Option for Selection Export Directory.
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Using the buttorSelect Cobie Tableswe can select all 18 sheets, or if you need just a selective data,

that can also be selected here, as showigimre 29

3 c OBie Report Generator

Open IFCFie Generate | Praview COBie Data | Seffings | Heip Contents
IFC Fie Input p—
Processing Progress

UL_MF_KVT_NOM_PZI_ST_X_N3_EM_KonvektorjiNadstropjed fc Brovse.

81 Select COBe Tables - COBie Report Generator

‘Select which OBk tabls to includs in the export:

Fies UL_MF KT _NOM_PZI_ST 304 3 EM_KonvektariiNadstropiedifc
Readly to process FC ik COBie Tables
v @ overall
8 Instruction
8 Company
@ Facility
v @ Spatial
. 8 Level
Export Options B reetyoe
Output Dirsctory: CifUssrsf At Documents/COBi_Reports Brovse 8 space
@ Zone
Sport Formts: 8 Coordinate
18 el () B csviey) v B Asset
18 350N (2o} 8 XL (i) 8 Type
8 Component
8 i) @ rormg) B sy
8 5ot (sal) 18 HTML Chim) @ Attribute
~ @ Process
VAL {yar)
18 vauL (yam) © hackas
Output Log 8 Job
@ Event
ncude [21:35:18] Loaded IFC file: @ Rk
D) Vil cuiput UL_MF_KVT_NOM_PZI_ST XX N3 B |. @ support »r3iNadstropies. ife
Document t
18 Excel color coding B Resource
Seect COBe Tabies  pickList

e

Generate COBie Report
ox Cancel

Loaded: UL_MF_KVT_NOM_PZI_ST_XX_N3_EM KonvektorjiNadstropje3.ifc

Figure29: Option regarding Selection of required COBie Tables

Last part is to press the buttGenerate COBie Reportas shown irrigure 30to proceed for reporting.

W | COBie Report Generator v1.0 - COBie Report Generator
File Toak Help
OpanIFCFie Ganarsie  Pravw COBaDais  Setings | Hep Contents

1FC Fle Input. Progres  Rasuls
Procesming Progress

T —y e

il UL MF_KVT_NOM_PZ1_ST_J0413_BM,_Kenvshtarfiadsirogjel fc
Sex: 1373 B
- Ready bo process IFC fle
UL_ME_KT_NOM_PZ1ST )0%_M3_BM_Kanvskioradsropfel

Buding: KAMPUS VRAZOV Th
Enttas: 295036

Export Optioms
Output Dirsctory: ~ C/Usars/ At Documsnts|COBs_Raports

Export Formats

8 el i) B csvion

) 150m {som) ) 0 (mey

O 1re (i) O rowrmL (4

O st (e (0 ML (i

O v (vam)

Procesing Options =

] Loaded IFC file: E:

[21:35:18 :/BIM Masters/Thesis Dara/10th Submissicn
UL_MF_KVI_NOM_PZI_ST_XX_N3_BM Konwektors

8 inchde sty bl Y
tadstropied/UL_ME_KVT_NOM_PZI_ST XX M3_BM_KonvektorjiNadstropied.ifc

B vt cutot ME_IVT_NOH_B21_ST_IO_N3_BH |

[ o—

Selact OB Tabes..

Open settings dialog

Figure30: COBie Report Generator, ReadslBC file and Ready to Generate a Report
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Generate COBie Repoit will create report on selected directory as shown below and you can observe

all required formats will be available also showrfrigure 31

OpenIFGFle Generste | Preview COBie Data | Seftings | Hep Contents

— rore T
S

Fie: UL_MF_KNT_NOM_PZI_ST_J0%_N3_EM_Konvektorjiiadstropje3.fc
See: 373 NIE

Schems: IFC2G
Brojact: UL_MF_KVT_NOM_PZI_ST 30¢_N3_EM_Konvekiorliadstropjsl Procassing IFC fl.
Buiding: KAMPUS VRAZOV TRG

Entties: 295236

Export Options

Output Directory: s Data/10th Submission)UL_MF_KVT_NOM_PZI_ST_0X_N3_BM_KonvektorjiNadstropje3/Reports | Browse...

Export Formats:
[ ey © v
8 150H (550n) 8 4L (om) a
8 17 i) 8 ROF/TTL ()
COBie data exported successfully to E:/BIM Masters/Thesis Data/ 10th

8 sot (sa) 8 HTML (htmi) Submission/UL_MF_KVT_NOM_PZ|_ST_XX_N3_BM_KonvektorjiNadstropje3/
8 vamL (yam) Reports.
Procesing Options oK Open Folder
8 Include empty tables gopies/

Reports\UL HF KVI_NOM FZI ST XX N3_BM KonvektorjiNadstropje3.xml
B vabdate output [21:37:33] Exporting to IEC format...
B el color cading (2 3] Failed to export to IFC format

[P 3] Exporting to RDF format...

Select COBs Tabies. [21:37:42] Successfully exported to E:/BIM Masters/Thesis Data/l0th Submission/

UL_MF_KVI_NoM_PZI_ST_XX_N3_BM KonvektorjiNadstropjes/

Reports\UL MF_KVI_NOM PZI_ST_XX_N3_BM_Konvektor)iNadstropie3.ssl

Generate COBie Report 12 2] Eaporting to SQL format...
[21:37:43] Successfully exported to E:/BIM Masters/Thesis Data/l0th Submission/
UL_MF_KVI_NOM_PZI_ST_XX_N3_BM KonvektorjiNadstropjes/

ReporTs\VL_ME_EVT NOH P21 ST
[21:37:43) Exporting to HIML format.
4] Successfully exported to

nvektorjiNadstropied.sql

2 IM Masters/Thesis Data/l10th Submission/
oL dstropje3,

Rej ktorjiNadsctropje3.html

2 Masters/Thesis Data/10th Submission/

dstropie3/
 MF_ ktorjiNadstropjes.yaml
[21:38:35] Export completed successfully

Clar Log

Figure31: Report Generation Completed In COBie Report Generator at Required Directory

Users can observe all reports like this, as shown beldigire 32from HTML to YAML all selected

formats will be received and can be use further in FM system.

MNarme Date modified Type
B UL_MF_KVT_NOM_PZI_S 3_BN .. &M/ : f File folder
©® UL_MF_KVT_NOM_PZI S 3_BM_KonvektorjiMad... 8/11/20 / Microsoft Edge HTML D...
B UL MF KVT_NOM_PZI_ST_XX_N3_BM_KonvektorjiNad... 8/11/20 W JSON Source File
B UL MF_KVT_NOM_PZI_ST_Xx_N3 orjiMad... 8/11/20 / SOL Source File
B UL_MF_KVT_NOM_PZI_ST_ 3 vektorjiMad...

£ UL_MF_KVT_NOM_P orjiMNad...

o UL_MF_EVT_NOM_PZI_ST 3_BM_Ko . B11/202 f Microsoft Edge HTML D...

. UL_MF_EVT_NOM_PZI_ST 3 W iNad...  8/11/20 f Yarnl Source File

Figure32: Exported Formaat Required Directory

You can check the model and its reports here
https://unilrmy.sharepoint.com/:f:/g/personal/ab98633 studentljusiifEq802
ebHFBHKWLQ3ahyAS8BTzs7LZXDvupu2f3ihN dWg?e=wHD1EG

Note: This IFC Model and its reports are used onlydducational purposesshown inFigure 33
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& O Ofie E/BIMR%20Masters/Thesis%20Data/10th%205ubmission/UL MF_KVT NOM_FZL ST J0{_N3_BM_KomvektorjNadstropje3/Reports/ULMF_KVT_NONLPZL ST XX_H3_8M_KonvektorjiNadstropjed ntmi s

COBie Data Export

Version: 3

Export Date: 2025.08-11 213743
Navigation:

Color Legend

Required Required {Reference to Another Data Field) Only If Specified in the Contract Only If Specified in the Contract {Reference to Another Data Field) Extemnal Reference

Secondary Information When Preparing Product Data Regional, Owner, or Product-specific Data  [JJJ Not Used
COBie Tables

Instruction (1 records)
Company (6 recards)
Facility (1 records)
Level 2 records)

SpaceType (0 records)

Space (0 records)

Zone (0 records)

Type (10 records)

Figure33: COBie Report on Excel .xIsx and in HTML Format.

54 Blender COBie Plugin

Time reduction: 99%. The Blender plugin processes complete facility handover reports3dn 20

secondssignificantly faster than the&hours required by traditional methoitive 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 fromotedling

environment. SharePoibsted results demonstrate output quality comparable to expensive

commercial tools. And facility managers don't need to learn new softwiareorks within existing

Blender workflows.

Get access to the Bl ender cCoOBi e Plugin,

the workspace a ,adinFigireB4 named 6 COBI

To use this Plugin you just need to load an IFC file in blender open a Plugin (COBie Report Generator)

e

j

ust

pres

the fill the empty grids such as Project Name, Facility Name, Client Name, Project Phase, Created By

then press a button namedSetup Scene for COBighen one more button names\vidate 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.
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You can also select which format you require after selecting you just need to press &botmate
COBie Reportit 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 inFigure 35

on
on
on
on
on
on
on
on
on
on
on
on
on
on
oa
on
on
o
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
on
oa
on
on
on
on
on
on
on
on

or COBie

COBie Data

xisx) - Standas

Figure35: Validate COBie Data, Selection of Version and its Format.
You can check the report here the COBie report generated using Blender Plugin.
https://unilrmy.sharepoint.com/:x:/g/personal/ab98633_student uni
I|_si/EYKmgxIA8ahKuioXfKNDTQMB_vE8mwpM68rGexwP Wn3A?e=cPBuDI
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5.5 BIMA+ BMCP Blender Integration

Realtime visual analysis where Al 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 syskationships. The integration processes
spatial queries and generates elerspetcific reports based on visual selection patterns combined with

natural language requests.

Claude Al conversation logs demonstrate sophisticated building analysis capabilities combining 3D
visualization with intelligent data processing. But the breakthrough lies in accessibidiility
managers can have conversations about building elemvbilésthe Al understands visual context. No

specialized BIM expertise required.
How to use BIMA+ BMCP Blender Integration:

Open a Blender and install a plu@tMA+ BMCPt hen press ANO to open the si
see thaBIMA+ BMCP there then press the button, and you can see a I&tarMCP Server button

you need to press the button to start a server, Rigime 36 after starting a server open a Claude and

check for MCP named aBIMA+_BMCP is active, as shown iRigure 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 sidd¢ader so observe your Model and talk to it, like retrieving
data asking for similar elements, inquiring about which other systems are attache@ugrihore as
required.

98¢ BIMA+ BMCP
Port

Stop MCP Server

dONE+VNIE MO 100

oa
on
> @
on
on
oa
on
on
on
on
on
on
on
oa
on
on
on
on
on
on
oa
oa
oa
oa
on
on
on
on
on
on
on
on
on
on
on
on
oa
on
on
on
oa
oa
on
on

Figure36: BIMA+ BMCP Connection With Blender Using P@876.
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After

connecti

turning

on to

well, as shown ifrigure 37

n
x

200 @

How can | help you today?

he

ender i s

on t
bl

% Hello, night owl

@, Researc

£ Usestyle frite

(© Extended thinking

@ Websearch
& Drive search 0
M Gmail search [

C

[ Calendar sear

server i n

Bl

e?0

ender

stabl or fi

Claude Sonnet 4

£ Lifestuff

Cl
s LLM is

open au

CC

4 auto

5 BIMA+_BMCP [ o]
B BIMA+_IFC_Reader

BIMA+_BMCP

>

€ Context?

b desktop-commander

o8

Figure37: Claude with MCP BIMA+_BMCP.

Here we are inquiring about the connection for confirmation whether the connection is connected or not

by
and Claude, as shown kigure 38

simply

[ Blender Integration Capabilities v

o are you connected to blender?

Yes! I can see that I have access 10 several Blender-related
tools through the BIMA+ system. I can:
« Execute Python code directly in Blender

« Work with IFC (Industry Foundation Classes) models
loaded in Blender

« Get information about IFC projects, entities, and
properties

« List and search IFC elements

+ Access spatial structure and relationships in BIM models

« Export IFC data

« Place IFC objects

+ Use cognitive tools for visualization and problem-solving
Ialso have access to IFC file reading capabilities that can work
independently of Blender for analyzing BIM files.

Is there something specific you'd like to do with Blender or
BIM models? I can help with 3D modeling tasks, BIM data

analysis, or any other Blender-related work you have in mind

) 8o g

Rotry

Claude Sonnet 4

typing

Are you

connected to

Figure38: Connection Stable With Claude UsiByVA+ BMCP.

bl ender ?20,
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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 infotres nment t

and tell me how many fil esinkBigure39attached to it?0,

= % , s - [= S

[0 Blender Integration Capabilities v/ Share

o find out KN.5 and gather all the properties and tell me how

many files are attached to it? pe
I'll help you find KN.5 and gather all its properties and
attached files. Let me start by getting information about the
current IFC project and then search for KN.5.

B get_ifc_project_info v

dowa +viIa

Now let me search for "KN.5" in the IFC properties to locate
this element:

B search_ifc_properties

Great! I found KN.5. It'san IfcEnergyConversionDevice
with the Globalld 8FIoPhJBT2jvM$4kUWmP90 . Now let me get
all the comprehensive properties for this element:

B/ get_ifc_properties_enhanced

Perfect! I found KN.S and gathered all its properties. Here's a
comprehensive summary:
KN.5 - Equipment Summary

KN.5isan i ice (HVAC i )
identified by Globalld 8FIoPhJBT2jVM$4KUNMPO .

Device Properties (ELEMENT):
« Equipment Label: KN.5

« Purpose: KabinetilnPisarneL2 (Cabinets and Offices

Reply to Claude.

on
on
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a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
on
on
on
on
(=]
a
a
a
a
(=]
]
a
a
a
a
a
a
a
a
(=]
(=]
a
(=]
on
o
on

Q Claude Sonnet 4 (O]

Figure39: Query About Required Element or Group of Elements, or The Whole Project

We can ask Claude to retrieve any data. Even if you provide a related company name for an element and

providean online link, it will search online and find the relevant information.

As shown in Figure 40, you can regquest it to crea
and read the attached files as weKN5. Now, Wewille , we o0b
proceed to create a COBie report based on this data, and the report will be gendratédarmat for

human readability.
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COBie Report Generated: August 11, 2025 | Report Version: 1.0
Data Sources: IFC Model, Handover Documentation, Technical

Project: Kampus Vrazov Trg | Asset ID: KN.5 | Generated by: BIMA+

on
a
a
a
a
on
on
a
a
a
a

a

a

0

a
a

0

a
a
a
-

oD

Asset Information

Asset ID:

PODDDDDODDDDBDDEDD

K
K
K
K
K
K
K
K.oE
X
K
K
K
K
K
K

Figure40: Generate any kind of Report in all kinds of formats LLM does everything through
Coding

Users can download this report and share it with anyone; it shows the overview of elements information

that asked for by user, as showrFigure 41below.

COBie Report Generated: August 11, 2025 | Report Version: 1.0
Data Sources: [FC Model, Handover Documentation, Technical Drawings
Project: Kampus Vrazov Trg | Asset ID: KN.5 | Generated by: BIMA+ System

Specifications Maintenance

Asset Information Location Manufacturer Installation

Asset ID: m Project: Kampus Vrazov Trg Company: Systemair d.o.o. Install Date: May 16, 2024

Type: IfcEnergyConversionDevice Building: Lamella 2 Model: KAHSO-3-2-D-R- Warranty Start: May 16, 2024
S0F-TB2-L2 /
Globalld:  OFloPhJBT2jvMS4kUWmP90 Floor: Roof (Streha) KAHSO 320N Warranty Period: m

50F-TB2-L2
Serial Number: 5483215 Space: Cabinets & Offices Expected Life: 20 Years
NO-N3 Contact: info@systemair.si

Status: @ Replacement Cost: €20,000
Coordinates: X:462753.94, Y: Phone: 02 460 18 01
101390.73, Z: 308.5
Address: Spelina ulica 2,
Slovenia

System Overview
Air Handling Unit with Heat Recovery serving 4 floors of office and cabinet spaces
Supply Air Flow: 3144 m’/h

Return Air Flow: 2,237 m*/h

Figure41: 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. Taeh&GP

all information and is displayed in report correctlyjraBigure 42

(COBie Report Generateck Augst
Data 0

Scheduled Maintenance (From Handover Document)

Filter Replacement (Verified from PDF)
Type: Merjava prinih fitrow (Dust Fier Replacement) KA INSTALLATION OPERATION. AND, MAINTENANCE MANUAL 2020-8:V-
EN-003,pdf
requency: 6 mesed tvery 6 months)
16.mj 2024, 1027
Stat Date 16, ) 2024 May 16 2024)
Andreje Burkeica, RI UL
Anvusl Cost

Legal Required:

Warranty Required:

", Maintenance History (Verified Data Only)

Date Type Description

16,my 2024 (May 16, 2024 Instaiation Equipment Instalation and warmanty start

16 november 2024 (November 16, 2004) Fiter Change First scheduled fiter replacement (6 months)

on handover document Act

Figure42: Maintenance Data of Element Selected and asked from LLM, COBie Asset Rep

You can check the COBie report and all maintenance data here in this link

https://unilrmy.sharepoint.com/:u:/g/personal/ab98633_studert uni
lj_si/EVx7QMUGEBIFJt3YkSeut2nsBtEfsBreTLaQQI87XFCJg7Q?e=Li8USB
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6 SWOT ANALYSIS

6.1 STRENGTHS

Cost advantage over proprietary solutionsThe fivecomponent approach eliminates licensing costs
that cripple most clients and facility management budgets. Traditional COBie tools require substantial
perseat licensing fees. For hospitals with multifdeilities, software costs accumulate rapidly. The
opensource approackliminates this cost, and maintenance contracts and upgrade fedisabgear.

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 basedtimg teesults. That's not incremental
improvement; it's a complete game changer. Processitamnsiveequipment inventories went from

multi-day projects to something completed during a coffee break.

Natural language queries change everythind-acility managers shouldn't need BIM training to access
building data. The BIMA+ IFC Reader MG#hables maintenance staff to ask, "Which HVAC units
need filter replacement?" withoutavigating complex software interfaces designed for architects.
Personal experimentation showed rapid response times for typical queries on large element models.
Compare that to traditional BIM softwarehere finding equipment specifications requires clicking

through multiple menus dmroperty dialogues

Document linking solves the missing manual problenmrhe Document Manager Plugin tackles FM's
biggest challengespecifically the issue affherethe equipment manuals aftandard 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 creatidirect links between IFC elements and external files. Click on a

pump in the 3D madelto instantly access its manual, warranty information, and maintenance history

Multi -format exports prevent vendors lockin: Multiple export formats mean compatibility with any
FM system. Hospitals using Maximo, universities on ArchiFM, manufacturers with FM:Systfms
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 failureThe 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 Ul runs standalone. Blender needs the plugin installed correctly. BMCP Integration
demands internet connectivity.one part of theeomponent breaks, the whole system becomes useless

until IT troubleshoots the problem.

Blender dependency creates adoption barrietas facilitymanagement teams don't use Blender. They
know AutoCADand possibly have some basic Revit viewing skills, but Blender feels foreign to them
Training becomes mandatory, not optional. Plus, Blender updates can break plugin compatifuhity
happenediuring 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 equipeqeites either
knowing exact hames or conductingultiple searches. Traditional BIM viewers let users browse
complete building hierarchies visually. The limitatieads to inefficient workflows when facility staff

must navigateinfamiliar buildings or locate equipment without precise identification.

Internet dependency limits applicability. The MCP server requires stable internet for optimal
function. Many facility management environments have restricted network access for security reasons.
Hospital IT departments, government buildingsd industrial facilitiesll limit external connections.

The system becomes unreliable in locatiamsh varying network connectivity, unlike desktop

applications that cafunction 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 speciaiiggdment management systems

immediately.

6.3 OPPORTUNITIES

Opensource adoption growing in AEC Construction andFacility management organizations
increasingly seek alternatives to expensive proprietary software. Educational institutions particularly
embrace opesource solutions for budget reasons. As budget pressures increase, organizations become

more willing to &cept technical complexity in exchange for elimingticensing costs.

Blender is gaining traction in BIM workflows: Architectural firms started using Blender for
visualisationaround 2022022. Facility management exposure increases as architects deliver Blender

compatible models. Plus, Blender's AEC -aidecosystem 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.

Al integration through MCP architecture : The MCP framework enables advanced automation that
proprietary systems cant 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 HVACesgUgmal

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 rdfioitmat export capabilities. Organizations
investing in digital twin infrastructure want solutions that adapt to future standards rather than lock them
into speific 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.
Autodesks Construction Cloud already includes basic COBie functiondligy 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 f@&02625
Commercial vendors typically hdle standard transitions through dedicated development teams, while

communitysupported solutions depend on volunteer contributions that may not happen immediately.

Blender development changes affecting plugindhe 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 workflow&ignificantarchitecture changes, like the shift to Geometry
Nodes in Blender 3-@.0, required extensive plugin rewrites. Similar changes could force significant

rework or platform migration.

Enterprise security policies restricting opensource Government facilities, healthcare systems, and
financial institutions often require formal security certifications and vendor support guarantees that

communitydeveloped solutions cannot provide. IT departments may prohibitszpene software
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installation regardless of cost benefits, limiting market opportunities to organizations with flexible
technology policies.

Community development sustainability concerns Longterm viability depends on continued
community contribution and maintenance. Key developer departure or reduced interest could leave
organizations without adequate support for missiotical facility management functions. Commercial
solutions proule guaranteed development resources through subscription fees, whilsoapsn

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 dsgpmstruction advancement while
neglecting preventive maintenance strategies in facility management. Existing software faces critical
limitations including poor IFC schema compatibility and pbithie proprietary licensing costs. The
objective was to develop an accessible, egmurce system that integrates efficiently with the latest IFC
standards and uses Al to retrieve accurate building information throughout the asset lifecycle. Current
disconected data systems force facility managers into reactive maintenance modes rather than
preventing equipment failures before they occur.

The research successfully demonstrated thatB#gked digital twins improve facility management data
handover through structured COBie generation and intelligent system integration. Ttenfivenent
architecture addresses AEC's specific challenges watbriptary software licensing, IFC compatibility
issues, and disconnected data workflows that waste time and money during condtowapierations

transitions.

AEC's desigrto-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 opsnurce solution elimiites 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 spkped 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-@pence 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 giesiseffriendly and removing complex steps, the
software allows both professionals and #echnical users to easily adopt and use it in-neald

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 avaitglaliring 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 processingpane:Ad

analysis created facility management capabilities that exceed traditional handover documentation
methods. The BIMA+ IFC Reader MCP Server successfully mam&fd 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 modes. Database optimization with tirseries 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 elimgd environments. Plugin
demonstrates that opasource 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 egstgsponses 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 théedicalFaculty 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 buildingorgs 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 prdcdsseloping 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 platfosrwhile 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.
TheMedical Faculty case studiyplementation revealed significant portions of equipment information
required verification against actual construction documentation. Development teams spent substantial
time crosgreferencing BIM model data with construction specifications to ensiableCOBie 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 configuraanagement. 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 dichat work as planned, requiring continuous testing, fiXxmgs and improvement. In

total, more than 150 backup versidos single componentyere 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 eewdtwaréd ® make it easier for everyone to
access, but it didotturn 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

insightsthat we canmprove in the future to make it work on mobile platforms.
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7.5 Research Contributions and Futureoutlook

This research provides practical implementation guidance for organizations consideridza&it/
facility management data handover improvements. The documented workflows, technical architecture,
andMedical Facultycase study results offer actionable information supporting implementation planning
and risk reduction for similar constructiboroperations transitions.

The fivecomponent architecture addresses-vaalld challenges in BIMo-FM data handover while
showing that opesource solutions can provide superior functionality compared to expensive
proprietary alternatives. Digital twin technology represents adimadital shift toward datdriven

facility management addressing persistent industry challenges around incomplete handover

documentation, disconnected information systems, and lost construction knowledge.

The opersource 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 oppaigsifor constructiosievel digital twins to
support ongoing operations while providing additional value beyond initial handover.

7.6 Final Recommendations

Staged Implementation Strategy for the FiveComponent Architecture: Organizations should begin

with the COBie Ul 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 WoiThe standalone approach works because it doesn't disrupt current

workflows.

Add the Document Manager Plugin second, after facility staffresg@utomated 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 systemslgAlg 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 thir.natural language interface becomes understandable once
facility managers grasp the information contained withiniding models. Training becomes easier
because they can ask questions about equipment they already maatteen thariearning abstract

BIM concepts.

Addressing Current System Weaknesse§ he multtcomponent 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 revealdtat 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 wehkbased visualization using Three.js or similar browser technology. Keep Blender
integration for advanced users, but most facility managers neiedvizadel 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 semngpleteequipment lists even if loading takes
longer. Add pagaumbers, filtering options by building level or equipment type, and a "show all" option,

alongwith 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 developmetdcache 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. Creatdapement templates so organizations can add

specialized tools without modifying core system components.

RealLife Implementation Process Start with pilot buildings that have recent IFC models and
motivated facility teams. Success depends more on staff engagemennttemmnical complexity.
Select buildings where equipment documentation issues lead to frequent maintenance delays, and the

benefits become apparent quickly when maintenance staff no longer have td@eaaissing 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 screenshotsdtandarderver 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 protocol8 they don't need to understanc ttechnology 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 witkirealsensor inputs.

But keep the operource foundation. Facility management organizations with programming resources
can customize components for specific building types or operational requirements. Educational
institutions can extend functionality for research purposesouitlicensing 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 installaticonaPe

experimentation showed that unclear documentation creates more problems than missing features.
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