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2 Executive summary 
Trafikverket is responsible for planning, ordering and accepting deliverables from suppliers and 

maintaining Sweden’s infrastructure. As a client organization, in the planning phase they have the 

responsibility to communicate requirements to supplier and set the acceptance criteria for the 

delivered assets, such as design documents.  

The verification of deliverables is the responsibility of suppliers. However, due to the large number 

of regulatory requirements and the extent of the deliverables, a complete verification is often not 

possible. The supplier has no objective mean to show that all requirements are fulfilled, which 

increases Trafikverket’s workload when accepting deliverables.  

In this project, we investigated the means to automate compliance checks (ACC) of digital assets. 

This overall aim was divided into three objectives.  

First, we developed a maturity model to assess Trafikverket’s capabilities to implement ACC. We 

designed the ACC maturity model to be compatible with Trafikverket’s effort to establish a 

digitalization maturity model. The model consists of four levels, each containing activities that are 

either lead by the client, supplier or require shared leadership. The capability of performing ACC 

depends on the degree to which these activities are performed.  

Second, we analyzed Trafikverket’s regulatory requirements regarding their verifiability, i.e. to what 

degree it is objectively decidable if a requirement is fulfilled or not. We trained a deep learning 

model to classify requirements according to four dimensions: target, nature, interpretability and 

reference. These dimensions allow one to characterize to what degree a requirement is automatically 

verifiable. We applied this classifier on 18.000 TRVInfra requirements. 

Third, we developed an automated verification process, based on the analysis of verifiable 

requirements. The first step in in this process is to make the requirements machine readable so that 

their information can be queried for further processing. This information can then be used to 

automatically generate Information Delivery Specifications (IDS), which in turn are the basis for 

the verification. The verification can then be performed with tools that can check IDS compliance 

of IFC files.  

The project was executed in collaboration with HOCHTIEF ViCon who have expertise in the 

construction domain and complement BTH’s expertise in requirements engineering, verification and 

natural language processing. The detailed results, together with the project deliverables, are reported 

in Section 4 to Section 0. 

The results of the project have the potential to contribute to a more efficient verification process at 

suppliers. Even though only a fraction of requirements can be automatically verified, this reduction 

in workload allows engineers to focus on technically difficult requirements. Acceptance testing can 

then also focus on aspects that are not automatically verifiable, reducing thereby also the workload 

at Trafikverket and increasing the confidence in the deliverable. As a result of widely adopted ACC, 

Trafikverket’s projects could see a reduction in cost and lead time, benefiting citizens paying for 

and using infrastructure.  

2.1 Action plan 
We outline here the next steps we deem consequential from the results of SVAR. We present these 

steps as concrete actions that Trafikverket can choose to implement, as well as new research 

questions that emerged from our studies. 
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2.1.1 Concrete actions  

• Apply the ACC maturity model in more projects.  

• Integrate the ACC maturity model into Trafikverket’s digitalization maturity model.  

• Communicate the ACC maturity model to suppliers so they understand the purpose of it. 

• Reduce the artificial ambiguity identified in TRVInfra requirements. 

• Add the identified verifiability dimensions as attributes to DOORS NG so that new 

requirements can be classified and filtered. 

• Demand suppliers to perform ACC on non-ambiguous, quantitative product requirements 

without references to external information. 

• Development of a central verification library, with reusable verification procedures and 

best practices that can be used by suppliers. 

• Implement pilot projects that feed back into the central verification library. 

2.1.2 New research questions 

• To what degree do the ACC maturity model levels need to be adapted to specific project 

types? 

• What are the ACC maturity improvement paths that Trafikverket, as well as suppliers 

should take?  

• To what degree can active learning be used to improve the requirements verifiability 

classifier? 

• To what degree does the verifiability classifier generalize to requirements outside of 

TRVInfra? 

• To what degree can the process used to train the classifier be reused in other contexts, e.g. 

ERTMS requirements regarding their formalizability? 

• How can natural language requirements be efficiently and effectively transformed into 

machine readable requirements? 
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3 Background 

3.1 Automated Compliance Checking 
A systematic verification of requirements is challenging due to the complexity of digital models and 

the sheer number of requirements, consisting of project-specific and system-specific requirements, 

and regulations (either internal such as TDOK and TRVInfra, or external such as laws, regulations 

and standards). Suppliers in large projects struggle to define a verification process that ensures 

requirements coverage. Manual requirements verification is known to be error-prone, inefficient and 

contributes to decreasing productivity1. This, in turn, renders the acceptance of supplier deliverables 

more challenging as Trafikverket needs to increase the effort to check that they have received what 

they needed. that they have received what they needed. 

Automated compliance checking (ACC) aims to reduce the manual effort needed to verify 

requirements fulfilment, relying thereby on the increased digitization of planning and design 

artifacts. Originating from the architecture and construction domain, recent research suggests that 

ACC is equally applicable in the infrastructure domain2.  

 

 

Figure 1 Manual vs. automated compliance checking process (adapted from Amor and Dimyadi) 

 

1 R. Amor and J. Dimyadi, “The promise of automated compliance checking,” Dev. Built Environ., vol. 5, p. 

100039, Mar. 2021, doi: 10.1016/j.dibe.2020.100039. 

2 P. Bosch-Sijtsema, S. van Raalte, J. Carlstedt, and M. Johansson, “Kvalitet och Digitala Modeller - Integrerad 

kvalitetssäkring och automatiserade kvalitetskontroller,” Trafikverket, TRV 2019/25909, Apr. 2022. [Online]. 

Available: https://fudinfo.trafikverket.se/fudinfoexternwebb/pages/PublikationVisa.aspx?PublikationId=6037 
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Figure 1 illustrates the conceptual difference between manual (MCC) and automated compliance 

checking (ACC). In MCC, compliance-checking engineers need to interpret client requirements and 

regulations and verify that the building model complies with these requirements. This is a highly 

complex and resource-intensive task3, due to (1) an increasing rate of updates to regulations and 

standards, (2) advancements in technology and equipment, and (3) an increase in data and its 

multidisciplinary nature4. Since there are no granular trace links between the building model and the 

relevant requirements, complete, manual verification would require extensive resources. 

In ACC, the information captured in natural language requirements needs to be translated into a 

form that is amenable to computational analysis, i.e. can be interpreted and processed by a 

computer4. It is of essence to ensure that this normative knowledge is updated when the natural 

language requirements change1, otherwise the results of the automated process are not trustworthy. 

The building model is a digital presentation of the planned facility and, depending on its 

development level, has varying levels of detail of the objects that need to be constructed. When the 

building model is refined and validated, additional information is associated with the modelled 

objects, such as technical specification data or geological information. To enable the ACC process, 

the relevant objects and attributes from the building model and from the normative knowledge need 

to be selected. Not all objects/attributes in the building model and in the normative knowledge base 

are relevant at all life-cycle phases of the project. Different compliance check objectives exist 

depending on the level of development of the building model and whether the project is in the 

planning, construction, or maintenance phase. 

3.2 Aim, objectives, and methods 
Even though ACC has seen considerable research in the last fifty years1, industry adoption is low4. 

Hence, the purpose of this project is to design a device to identify roadblocks to ACC adoption and 

evaluate and improve technological proposals from scientific literature to address those roadblocks. 

Identifying these roadblocks enables Trafikverket to plan the necessary improvements that enable 

ACC, which has the potential to reduce project planning costs. Furthermore, this project focuses on 

one already known roadblock: the capability to assess whether technical requirements can be 

checked automatically. This capability allows Trafikverket to improve the definition of technical 

requirements, and helps to determine the verification mechanisms that are needed to implement 

ACC. We have broken down the purpose of the project into three objectives. 

Objective 1 (O1):  

Develop the Automated Compliance Checking Capability Maturity Model (ACC-CMM) that can be 

used to assess to what degree the project environment at Trafikverket supports ACC. 

Beach et al.3 have identified a set of capabilities (technical, cultural, and political) that are required 

to roll out a successful ACC program. We take inspiration from this idea, and work in close 

collaboration with Trafikverket to define a measurable, objective criteria for capability assessment. 

 

Objective 2 (O2):  

Understand to what degree the compliance checking of requirements (TDOK/TRVInfra, project- 

and system-specific) is automatable. 

 

3 T. H. Beach, J.-L. Hippolyte, and Y. Rezgui, “Towards the adoption of automated regulatory compliance 

checking in the built environment,” Autom. Constr., vol. 118, p. 103285, Oct. 2020, doi: 

10.1016/j.autcon.2020.103285. 

4 N. O. Nawari, “Generalized Adaptive Framework for Computerizing the Building Design Review Process,” 

J. Archit. Eng., vol. 26, no. 1, p. 04019026, Mar. 2020, doi: 10.1061/(ASCE)AE.1943-5568.0000382. 
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This is a key capability3 that is required for the successful implementation of ACC. We want to 

understand the proportion of technical requirements that have objective acceptance criteria, i.e. that 

do not need human judgement to be determined as fulfilled or not. The set of requirements that have 

objective acceptance criteria are then candidates for automated compliance checking. The remaining 

requirements can then either be improved to be objectively verifiable or classified as subjective and 

requiring human judgement. This classification and deeper understanding of the nature of technical 

requirements allows suppliers to plan and estimate the verification efforts and direct the resources 

needed for automation. 

 

Objective 3 (O3):  

Develop a catalogue of automated, reusable, verification procedures. 

If the acceptance criteria for a requirement can be objectively identified and evaluated, it is possible 

to design a deterministic, repeatable verification procedure that can be implemented in a computer 

program. We hypothesize that the complete set of (verifiable) technical requirements can be verified 

with a limited set of archetypical procedures. Hence, the objective is to identify and describe these 

procedures, as well as provide prototypical evaluations to illustrate their effectiveness. 

3.3 Organisation, implementation, and outcomes 
For the three objectives, we have defined nine work packages and scheduled them based on our 

estimate of the workload needed to produce the deliverables.  

The work packages for Objective 1 are scheduled the whole project duration. We expect the 

activities to require more calendar time than the activities in the other work packages, due to 

extensive coordination needs between the project partners, including Trafikverket. Objective 1 is 

also independent (in terms of in- and outputs) from the other objectives, allowing for parallel 

execution. 

WP4 in Objective 2 is a key element for the project, scheduled at the beginning and producing 

deliverables needed for three other work packages (WP5, WP6 and WP7). We outline next the 

content of the work packages. Each is summarized with a purpose and has a leader responsible for 

the deliverables. Furthermore, we defined what data and/or resources are needed to be able to 

implement the work package. 
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3.3.1 Objective 1 – Work Packages 

WP1 – Prepare ACC-CMM development 

Purpose:  Review literature on the empirical development of maturity models and grids and 

design a method for ACC-CMM development. Since we base the development of 

ACC-CMM on the capabilities identified by Beach et al., we must investigate how 

this affects the methodological soundness and validity of the maturity model 

development. In addition, we collect requirements from the potential users of the 

model to ensure its fitness for purpose.  

Requirements:  User interest group from Trafikverket (client role) and HOCHTIEF ViCon (supplier 

role).  

Leader: BTH  

Deliverables:  A methodological description and requirements for ACC-CMM development that 

ensures that the maturity model is fit for purpose. 

WP2 – ACC-CMM development 

Purpose:  Design ACC-CMM based on the findings from WP1 and develop an assessment 

instrument that can be used to direct projects as well as suppliers in terms of their 

efforts of improving automated compliance checking. 

Requirements:  User interest group from Trafikverket (client role) and HOCHTIEF ViCon (supplier 

role).  

Leader:  BTH  

Deliverables:  A methodological description for how to apply the ACC-CMM assessment 

instrument and how to identify improvement opportunities.  

WP3 – ACC-CMM application 

Purpose:  Apply ACC-CMM in the context of a particular project type of Trafikverket (for 

example, rail or road projects, investment or large projects), together with an 

analysis of ongoing research projects, to establish a baseline capability for 

automated compliance checking of the organization.  

Requirements:  Process descriptions and samples of project documentation from Trafikverket. 

Project descriptions and reports of ongoing relevant research projects at 

Trafikverket.  

Leader:  BTH  

Deliverables:  A report that determines Trafikverket’s baseline in terms of automated compliance 

checking. 
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3.3.2 Objective 2 – Work Packages 

WP4 – Requirements’ verifiability 

Purpose:  Apply the clustering approach suggested by Zhang and El-Gohary 5  to analyse 

Trafikverket’s regulatory requirements (TRVInfra) w.r.t. their verifiability to 

understand the potential for automated compliance checking.  

Requirements:  Content of all TRVInfra requirements, i.e. an export to xml or cvs of the 

requirements from DOORS NG (not in PDF format as this unnecessarily 

complicates the analysis).  

Leader:  BTH  

Deliverables:  A classification of all TRVInfra requirements w.r.t. verifiability. This includes also 

an assessment of the requirements that are not verifiable and suggestions on how to 

improve the formulations of those requirements. 

WP5 – Requirements’ verifiability analysis procedure 

Purpose:  Package the analysis procedure employed in WP4 such that Trafikverket, as well as 

the scientific community, can reapply it on requirements collections beyond 

TRVInfra.  

Requirements:  none  

Leader:  BTH  

Deliverables:  Guidelines and software to conduct the analysis independently, without support 

from the researchers. 

WP6 – Assessment of TRVInfra requirements w.r.t. machine readability 

Purpose:  Review the literature on the development of machine-readable standards and 

provide an analysis for the feasibility of representing the verifiable requirements 

identified in WP4 in a machine-readable format.  

Requirements:  none  

Leader:  HOCHTIEF ViCon  

Deliverables:  A report that outlines and compares different representations of machine-readable 

standards. 

3.3.3 Objective 3 – Work Packages 

WP7 – Demonstration of verification methods of models 

Purpose:  Transfer of the theoretical approaches into demonstrators for different requirements 

to verify the degree of automatization. The demonstrators serve as prototypes for 

the automatization of verification methods for a particular model format (e.g. IFC). 

These demonstrators will be used to elaborate an evaluation concept.  

Requirements:  none  

 

5 R. Zhang and N. M. El-Gohary, “A Clustering Approach for Analyzing the Computability of Building Code 

Requirements,” pp. 86–95, Mar. 2018, doi: 10.1061/9780784481264.009. 
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Leader:  HOCHTIEF ViCon  

Deliverables:  Demonstration Verification Checks / accompanying report  

WP8 – Evaluation of verification methods 

Purpose:  To verify that the developed verification methods are according to the needs of the 

stakeholders, an evaluation concept should be developed. The evaluation concept 

will cover the main aspects to implement new technologies (e.g. people, technology, 

processes and policies). Feedback from stakeholders involved will be gathered, 

evaluated and used to define a roadmap to optimize the handling of the verification 

methods.  

Requirements:  Samples of models from projects, addressed stakeholders  

Leader:  HOCHTIEF ViCon  

Deliverables:  Evaluation concept, questionnaire, stakeholder feedback, optimization roadmap 

WP9 – Roadmap and recommendations for implementation 

Purpose:  To create a starting point for developing a verification library, which enables 

stakeholders to verify different kinds of requirements, several examples of 

optimized verification checks will be combined.  

Requirements:  Stakeholder feedback, optimization roadmap  

Leader:  HOCHTIEF ViCon  

Deliverables:  Several verification checks for different kinds of requirements / accompanying 

report that outlines a roadmap for the implementation on organizational and project 

level.. 
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4 WP1 - Prepare ACC-CMM development 

4.1 Motivation 
The objective of this work package was to lay the foundation for developing the ACC maturity 

model for Trafikverket. To achieve this, we conducted a comprehensive review of the current 

literature on the empirical development of maturity models6 and maturity grids7, aiming to identify 

best practices and methodologies applicable to our context. 

Additionally, we examined the CMMI documentation to gain deeper insights into the relationship 

between process maturity and process capability. This helped clarify how maturity levels can 

influence organizational performance and process outcomes. 

Finally, we analyzed previous research efforts at BTH related to requirements engineering process 

maturity models. These studies served as a valuable source of inspiration and guidance for shaping 

the ACC maturity model tailored to Trafikverket’s needs. 

4.2 Results 
ACC is a capability that requires a comprehensive transformation at Trafikverket, encompassing 

technical automation solutions, organizational changes in ways of working, and process 

adjustments. These dimensions align with Mettler’s framework: technology, people and culture, and 

processes and structures. Implementing ACC involves establishing a unified digital platform where 

relevant regulations are systematically stored and documented. 

Currently, Trafikverket’s operational model grants significant autonomy to individual projects, 

allowing them to independently collect, document, and analyze regulations and requirements. While 

this approach offers flexibility, it has led to inconsistent documentation practices and considerable 

variation in how projects and suppliers operate. As a result, realizing ACC capability will necessitate 

changes not only in organizational culture and behavior but also in the underlying processes and 

structures to ensure consistency, traceability, and efficiency across the organization.  

The existing digital storage solutions (e.g. Trafikverkets infrastrukturregelverk8 ) offer a promising 

start, but are lacking more advanced semantic search and analysis capabilities, especially for similar 

regulations and requirements.  

Moreover, Trafikverket is currently actively involved in several digitalization initiatives9 and it is 

important to understand how the activities related to ACC can be synchronized with other efforts to 

increase digital maturity at Trafikverket (the DiMiOS project10) and in the public sector11. 

 

6 T. Mettler, “Maturity Assessment Models: A Design Science Research Approach,” Int. J. Soc. Syst. Sci. 

IJSSS, vol. 3, no. 1/2, Art. no. 1/2, Nov. 2011.   

7 A. M. Maier, J. Moultrie, and P. J. Clarkson, “Assessing organizational capabilities: reviewing and guiding 

the development of maturity grids,” IEEE Trans. Eng. Manag., vol. 59, no. 1, pp. 138–159, 2011.   

8 https://puben.trafikverket.se/dpub/sok 

9 https://bransch.trafikverket.se/for-dig-i-branschen/teknik/digitalisering-i-vagtransportsystemet/  

10 https://digitalforvaltning.se/rapport/statusrapport-2023/ 

11 https://www.pwc.se/sv/offentlig-sektor/digital-mognad-i-kommuner-och-regioner-2023.pdf  

https://bransch.trafikverket.se/for-dig-i-branschen/teknik/digitalisering-i-vagtransportsystemet/
https://www.pwc.se/sv/offentlig-sektor/digital-mognad-i-kommuner-och-regioner-2023.pdf
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The analysis of methodological approach in developing maturity models presented by Mettler and 

Meier, and also other models like uniREPM12, had given us the confidence that the design science 

methodology is appropriate method for developing the ACC maturity model for Trafikverket.  

4.3 Conclusions 
Based on the findings from WP1, we conclude that Trafikverket has already identified the need and 

opportunity for ACC (the first step in the research design of maturity models according to Mettler6). 

Moreover, the scope of the ACC maturity model remains limited to compliance checking and the 

application scenarios are clearly defined by the process documentation at Trafikverket. Thus, the 

remaining activities are to design the maturity model and evaluate it by applying it on an example 

project at Trafikverket. Due to time constraints, we plan only one development and one application 

cycle.  

Trafikverket needs to incorporate the ACC-related activities associated with other digitalization 

efforts. It is also important that ACC activities are performed at Trafikverket are aligned with the 

current digitalization strategy 2025-2030 approved by the Swedish government 13 , where 

digitalization of public administration is highlighted as one of the five strategic goals in 

digitalization. Finally, we concluded that Trafikverket is aware of the necessary work to be done 

and has the management commitment to initiate the efforts towards automation of compliance 

checking for infrastructure projects.  

4.4 References to publications and reports 
WP1_A: The summary of the surveyed literature with short commentary of each of the selected 

papers. 

 

  

 

12 https://unirepm.com/index.php  

13 https://www.regeringen.se/regeringens-politik/digitaliseringsstrategin-2025-2030/ 

https://unirepm.com/index.php
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5 WP2 - ACC-CMM development 

5.1 Motivation 
The goal of this work package is to develop the ACC maturity model and align it with other 

digitalization activities currently ongoing at Trafikverket. Trafikverket is currently involved in 

several digitalization activities that are aiming to enhance efficiency, safety and sustainability of 

road construction processes. In 2013, Trafikverket had decided to introduce BIM as a structured 

object-based management of facility information to support asset management in construction 

projects14 . Since 2015, Trafikverket has applied ISO19650 in its work with BIM and followed a 

structured BIM-strategy15. The work has been conducted since 2015 when Trafikverket formalized 

the requirements for suppliers to reach BIM maturity level 2. Today, some investment projects or 

technology areas work at BIM level 1, while others work at BIM level 2. Several internal 

development projects have been launched at Trafikveket aiming towards level 3, such as IFC 4.3, 

InfraGML16, and IDM.  

The development work in the ACC CMM model has been inspired by the Trafikverkets BIM 

maturity level matrix. In particular, we focused on the areas of development process and 

understanding of the organizational prerequisites for implementing the maturity model within  

Trafikveket17. 

The areas digitalization in workflows, interoperability of information between stakeholders, and 

cooperation of stakeholders within the project from the BIM maturity model18 were instrumental in 

designing the ACC CMM model. At the same time, the ACC CMM model does not focus primarily 

on cost estimation of project material and the delivery of the finished project content. The 

development team has also decided to create ACC CMM with 4 maturity levels unlike the BIM 

model that has 6 levels. The POPIT model has also influenced the development of the ACC CMM 

model (see appendix B in the BIM maturity model19 ).  

The second main source of inspiration for the development of the ACC CMM model were the results 

of the literature review, summarized in appendix WP1_A. Of the surveyed literature, the most 

significant inspiration was the work by Tobias Mettler who suggested the 5 steps process for 

designing of maturity assessment models20. The development work conducted in WP1 has followed 

the suggestions by Mettler.  

 

14 https://bransch.trafikverket.se/for-dig-i-branschen/teknik/byggnadsinformationsmodellering-bim/  
15https://bransch.trafikverket.se/for-dig-i-branschen/teknik/byggnadsinformationsmodellering-bim/bim-

trappan/  
16 https://www.bimalliance.se/media/2169/1b_em_malmkvist_axelsson.pdf 
17https://fudinfo.trafikverket.se/fudinfoexternwebb/Publikationer/Publikationer_005801_005900/Publikation_

005820/Trafikverkets%20BIM%20mognadsmatris.pdf 
18https://fudinfo.trafikverket.se/fudinfoexternwebb/Publikationer/Publikationer_005801_005900/Publikation_

005820/Trafikverkets%20BIM%20mognadsmatris.pdf 
19https://fudinfo.trafikverket.se/fudinfoexternwebb/Publikationer/Publikationer_005801_005900/Publikation_

005820/Trafikverkets%20BIM%20mognadsmatris.pdf 
20 Mettler, Tobias. "Maturity assessment models: a design science research approach." International Journal of 

Society Systems Science 3.1-2 (2011): 81-98. 

 

 

https://bransch.trafikverket.se/for-dig-i-branschen/teknik/byggnadsinformationsmodellering-bim/
https://bransch.trafikverket.se/for-dig-i-branschen/teknik/byggnadsinformationsmodellering-bim/bim-trappan/
https://bransch.trafikverket.se/for-dig-i-branschen/teknik/byggnadsinformationsmodellering-bim/bim-trappan/
https://www.bimalliance.se/media/2169/1b_em_malmkvist_axelsson.pdf
https://fudinfo.trafikverket.se/fudinfoexternwebb/Publikationer/Publikationer_005801_005900/Publikation_005820/Trafikverkets%20BIM%20mognadsmatris.pdf
https://fudinfo.trafikverket.se/fudinfoexternwebb/Publikationer/Publikationer_005801_005900/Publikation_005820/Trafikverkets%20BIM%20mognadsmatris.pdf
https://fudinfo.trafikverket.se/fudinfoexternwebb/Publikationer/Publikationer_005801_005900/Publikation_005820/Trafikverkets%20BIM%20mognadsmatris.pdf
https://fudinfo.trafikverket.se/fudinfoexternwebb/Publikationer/Publikationer_005801_005900/Publikation_005820/Trafikverkets%20BIM%20mognadsmatris.pdf
https://fudinfo.trafikverket.se/fudinfoexternwebb/Publikationer/Publikationer_005801_005900/Publikation_005820/Trafikverkets%20BIM%20mognadsmatris.pdf
https://fudinfo.trafikverket.se/fudinfoexternwebb/Publikationer/Publikationer_005801_005900/Publikation_005820/Trafikverkets%20BIM%20mognadsmatris.pdf
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The third main inspiration for the model development was the report called “Utredning Digital 

Anläggning i nya stambanor, Mognadsuppföljning” authored by Susanne van Raalte from 2023. The 

report describes Trafivekets efforts in further development of the Nordic BIM maturity model. 

Trafikverket saw the potential in this matrix and has further developed, adapted and broadened it by 

including categories such as process, organization, product, information exchange and applications. 

The developed maturity matrix consists of five focus areas: process, organization, product, 

information exchange and applications, and five different maturity levels. The POPIT model 

identifies 10 application areas, e.g. quality control, visualization, coordination, sustainability 

assessment, design basis, production data, cost control time management, analysis.  

The ACC CMM model is rooted in the work by Beach et al. who suggested a roadmap and a vision 

for the future of digitalized regulatory compliance. The 4 stages of the suggested roadmap were the 

inspiration for the creation of the ACC CMM model21.  

5.2 Results 
We report here our findings from the research efforts of identifying and systematizing the steps and 

activities needed to develop the ACC Maturity model suitable for Trafikverket. The work began 

with a review of existing literature on digital maturity models and compliance checking maturity 

models to establish a theoretical foundation. 

Following the literature review, we conducted interviews with practitioners at Trafikverket who are 

involved in supplier collaboration, digital modeling, compliance processes, and digitalization 

initiatives. During these meetings, we introduced an initial version of the ACC maturity model, 

gathered feedback, and incorporated the suggested revisions to refine the model. 

In total, we interviewed 16 participants from various roles within Trafikverket, as well as one project 

manager overseeing a current road project. The interviewed roles involved: BIM strategists,  

controller, strategist,  unit manager for data and asset information, BIM specialists, Head of 

Department Technology and Environment, Function Manager Digitalization, ERTMS Preparation 

Manager, senior system developer, enterprise architect, business developer, information supply 

specialist. These insights were instrumental in shaping a maturity model that reflects both the 

strategic goals and operational realities of Trafikverket.  

 

The developed ACC-CMM model contains four levels and a total of 31 activities. The summary of 

the levels is presented in Figure 2. 

 

21  Beach, Thomas H., Jean-Laurent Hippolyte, and Yacine Rezgui. "Towards the adoption of automated 

regulatory compliance checking in the built environment." Automation in construction 118 (2020): 103285. 
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Figure 2 Level-based ACC-CMM model 

Level 1 focuses on identification of regulations and storing them for enabling automated compliance 

checking. Here Trafikverket is the leader for 7 activities, activities 1.2.1 and 1.2.4 are jointly 

executed by Trafikverket and suppliers, and activity 1.2.1 is led by suppliers. Achieving this level 

means relevant regulations are identified, roles and responsibilities for compliance checking are 

identified and assessment whether regulations are verifiable is performed. Activities performed in 

objective 2 of this project greatly support these efforts.  

Level 2 focuses on developing automated compliance checking rules. A necessary prerequisite of 

developing these rules is to understand the asset lifecycle, and needs for auxiliary data to be inserted 

to enable automated compliance checking. Activities 2.1.1 and 2.1.2 are led by the supplier, 

activities 2.2.3 and 2.3.1 are led by Trafikverket. The remaining activities are performed jointly by 

the supplier and Trafikverket. Achieving level 2 of ACC maturity requires significant involvement 

of suppliers and joint activities between Trafikverket and suppliers.  

Level 3 focuses on expanding the automated compliance checking capabilities on BIM models and 

tools used to create digital objects and design of road construction objects. Trafikverket should lead 

5 activities on level 3, and the remaining three are jointly performed by Trafikverket and the 

suppliers. Activities 3.3.1 and 3.3.2 focus on developing general ontologies for both regulations and 

requirements, an important step towards enabling semantic interoperability between different 

designs, BIM models and projects within Trafikverket.  

Level 4 focuses on scaling up the automated compliance checking capabilities beyond a single 

project and creating generative design for construction objects that are fulfilling relevant regulations 

and general requirements. The suppliers should lead activity 4.2 that focuses on creating generative 

designs that can be reused between the projects.  

5.3 Conclusions 
The ACC maturity model we have developed outlines a set of activities that are essential for enabling 

automated compliance checking in projects managed by Trafikverket and executed in collaboration 

with various suppliers. The effectiveness of this model is closely tied to Trafikverket’s ongoing 
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digitalization efforts, particularly the creation of unified systems for storing and exchanging 

information across all projects. 

We believe that Trafikverket has already made significant progress in digitalization, with several 

initiatives serving as key milestones on the path toward automation in compliance checking. These 

efforts contribute not only to improving regulatory alignment but also to reducing the time and cost 

associated with delivering construction projects. 

5.4 References to publications and reports 
WP2_A: The ACC-CMM model description. This appendix provides a detailed description of the 

ACC-CMM model, including all activities on all levels and examples of actions to be performed.  

WP2_B: The vision paper about challenges in achieving semantic interoperarability at 

Trafikverket and the potential to use ontologies to support semantic interoperability, submitted to 

PROFES short track. The paper investigates how ontologies can support systematic and context-

aware requirements management at Trafikverket.  

WP2_C: Excel file with the model element for application in an example project  
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6 WP3 - ACC-CMM application 

6.1 Motivation 
The goal of this work package is to apply the ACC-CMM model on an example construction project 

to understand if the ACC-CMM model captures important aspects related to automated compliance 

checking. The selected project is a project called E22 Fjälkinge-Gualöv22 that is an extension of 

existing E22 road to a highway standard road. The project was evaluated in spring 2025 when it was 

in late realization phase, with significant project documentation created. The project is realized at 

mostly flat surface with the main challenge being handling water flows and making sure that the 

inclination of the road remains within the required standards. The project builds six bridges and 10 

kilometers of local roads. The detailed road plan of the project is available online23 and the simplified 

road plan is available below.  

 

6.2 Results 
We report the ACC maturity model assessment in the table below with short commentary.  

ACC-CMM Level  Activities performed Commentary  

1Finding 

regulations 

9 out of 10 activities are 

performed (except from 1.3.2) 

Trafikverket provides the 

TDOK/TRVInfra databases that help 

in achieving many of the activities on 

Level 1 of the maturity model. The 

project team work together with 

suppliers on identifying relevant 

project requirements and regulations.  

 

22 https://www.trafikverket.se/vara-projekt/projekt-i-skane-lan/e22-fjalkingegualov-motorvagsutbyggnad/  

23 

https://www.trafikverket.se/contentassets/dc3c79a3bfdd40b0a33f65c3b6a8d91f/e22_fjalkinge_gualov_print.p

df  

https://www.trafikverket.se/vara-projekt/projekt-i-skane-lan/e22-fjalkingegualov-motorvagsutbyggnad/
https://www.trafikverket.se/contentassets/dc3c79a3bfdd40b0a33f65c3b6a8d91f/e22_fjalkinge_gualov_print.pdf
https://www.trafikverket.se/contentassets/dc3c79a3bfdd40b0a33f65c3b6a8d91f/e22_fjalkinge_gualov_print.pdf
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2 Compliance 

checking rules  

5 out of 9 activities are 

performed, mostly manually  

The identification of product 

requirements and verification check 

are done manually (2.1.1, 2.1.2) 

2.2.3 is also performed but by 

Trafikverket. Activities 2.4.1 and 2.4.2 

are performed manually from the 

project’s point of view.  

3 BIM models 

compliance  

2 out of 8 activities are 

performed by Trafikverket, a 

Activities performed in Objective 3 are 

providing the initial results towards 

performing activities  

4 Scaling up  No activities are systematically 

performed on level 4.  

The work conducted in the SVAR 

contributes to building a business case 

for ACC, thus we can consider activity  

 

 

6.3 Conclusions 
Based on the assessment results, we conclude that Trafikverket and suppliers perform many 

important activities that can enable automated compliance checking in the future. Our results clearly 

show that compliance checking is currently performed manually, and suppliers take main 

responsibility for performing the compliance and providing evidence of compliance.  

6.4 References to publications and reports 
WP3_A: The assessment report from applying the ACC-CMM model for the E22 Fjälking-Gualöv 

project and considering current known ACC capabilities at Trafikverket . 
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7 WP4 - Requirements’ verifiability 

7.1 Motivation 

7.1.1 Methodology overview 

Instead of replicating Zhang and El-Gohary's rule-based classification approach, as initially planned, 

we use techniques that benefit from the knowledge captured in Large Language Models (LLMs). 

We chose to implement and compare both a supervised and unsupervised classification approach.  

The supervised approach uses contrastive learning, which reduces the amount of required training 

data. We use nested cross-fold validation for hyper-parameter tuning and to provide an unbiased 

performance estimate. We created the training and test data together with domain experts and 

validated the manual classification with experts from Trafikverket.    

The supervised approach uses Generative Pre-Trained Transformer (GPT) models to generate 

classifications. We compared different models provided by OpenAI. Finally we compared the 

supervised and unsupervised approach on a set of requirements that were unseen, i.e. not used for 

training. 

Independently of the approach, one needs to define requirements verifiability and its various 

dimensions. We reviewed recent literature on the topic and derived a classification system that we 

applied for creating the training and test data, as well as in the instructions for the GPT models. 

7.1.2 Classifier evaluation 

We calculate commonly used metrics for the evaluation of the classifiers. The metrics are defined 

to capture two key aspects. Precision reflects to what degree the predicted classes are indeed correct. 

In other words, the precision tells how often a predicted class is the actual class. Recall reflects to 

what degree the predicted classes are complete. In order words, the recall tells us how well the 

classifier finds all instances of a specific class. These two metrics are complementary as they express 

opposing goals. If a classifier is very precise (all predictions are correct), it may miss some correct 

instances, leading to lower recall. In reverse, if a classifier finds all instances of a class (high recall), 

it may miss-predict some and have therefore lower precision. Hence, the goal is to develop classifiers 

that have good precision and recall at the same time. To evaluate both precision and recall and punish 

extreme low values of either one, the F1-score is used, which is the harmonic mean of precision and 

recall. All metrics lie in the interval between 0 and 1. 

In multi-class classification, precision, recall and F1-score are calculated per class. To get to a single 

value expressing the classifier’s performance, one needs to aggregate the individual results. The 

three most common strategies are micro, macro and weighted average. Since our data is unbalanced 

(i.e. we have many more instances of one class than another, e.g. we have more product than process 

requirements, or more non-ambiguous than ambiguous requirements), the recommendation is to use 

the weighted average. To make this report more readable, we report only the weighted average, but 

the appendix contains also micro and macro averages.     



   

 

21 (55) 

 

Blekinge Institute of Technology | SE-371 79 Karlskrona | +46 (0)455 385000 | 

www.bth.se  

 

7.2 Results 

7.2.1 Requirements Verifiability Classification 

We reviewed recent literature on requirements verifiability classification and defined four 

dimensions: 

1. Target, with the categories: 

o Product: a requirement that specifies the delivered product 

o Process: a requirement that specifies how the product is created/delivered  

o Documentation: a requirement that specifies how the product or process is 

documented 

2. Nature, with the categories: 

o Quantitative: a requirement that quantifies a need on the target. 

o Qualitative: a requirement that describes a need on the target in a qualitative 

manner. 

o Mixed: a requirement that contains both a quantitative and qualitative component. 

3. Interpretability, with the categories: 

o Non-ambiguous: a requirement that is likely to be understood in the same way, 

independently of who reads it. 

o Ambiguous (natural): a requirement that contains intentional vagueness, allowing 

the reader identify/develop solutions that are not known in advance. 

o Ambiguous (artificial): a requirement that contains unintentional vagueness, 

leading to different, potentially conflicting, interpretations, depending on who 

reads it. 

4. Reference, with the categories: 

o Local: a requirement that refers to a position in the same document (e.g. a table, 

figure, or section).  

o Internal: a requirement that refers to other artifacts within Trafikverket (e.g. 

another requirements document). 

o External: a requirement that refers to artifacts not owned by Trafikverket (e.g. 

national regulations or international standards). 

o No reference: a requirement that is self-contained. 

The appendix contains the classification guidelines we developed, together with a more extensive 

description of the dimensions and categories. 

We motivate next how these dimensions contribute to the assessment of whether a requirement is 

verifiable or not, in particular in the context of automated compliance checking (ACC). For target, 

we are interested in verifying product requirements against the digital deliverables (i.e. models) that 

are provided by suppliers. TRVInfra contains also process and documentation requirements, which 

we do not object to ACC. Hence, we want to be able to classify and identify product requirements. 

The categories in the nature dimension provide an indication how ACC can be implemented. 

Quantitative requirements indicate that some form of computation (counting, geometric calculation) 

on a digital model is necessary. Qualitative requirements are not measurable and not expressed with 
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quantities. They are descriptive and require processing of language and understanding to be verified. 

In the context of ACC, we deem quantified requirements more feasible to be verified automatically. 

Requirements interpretability indicates to what degree a statement can be understood equally by 

different readers. Non-ambiguous requirements are verifiable by anyone, provided with the 

necessary domain knowledge. Naturally ambiguous requirements encode intended vagueness to 

allow for innovation and solution-open design. The biggest challenge in terms of verifiability pose 

artificially ambiguous requirements since their vagueness is, likely, unintentional and can lead to 

misunderstandings when verifying the delivered product. Artificially ambiguous requirements 

cannot be verified (neither manually or automatically) since there exists no commonly agreed 

reference to what the true need is. Finally, the reference dimension indicates where the information 

required to verify a requirement can be found. In case a requirement contains no reference, all 

information to check whether a requirement is fulfilled is contained in the requirement. With local, 

internal and external references it becomes increasingly challenging to collect the information 

needed to verify a requirement. Hence, requirements with no references are typically the easiest to 

verify. 

To summarize, verifiability is not a single characteristic of a requirement but a composition of (at 

least) these four dimensions. Being able to characterize a requirement along target, nature, 

interpretability and references is a first step towards understanding to what degree the verification 

of a set of requirements can be automated.    

7.2.2 Training and test data 

We received from Trafikverket 17.622 requirements extracted from TRVInfra. Trafikverket 

excluded security sensitive requirements, and we only used the requirements identifier and text in 

our analysis. 

In machine learning in general and in classification in particular, training and evaluation data refers 

to examples of data that is correctly labeled with a specific classification system. The training data 

is used by a machine learning algorithm to learn how to label data by examples. The more, diverse 

and correctly labeled the examples, the better the performance of the trained classifier on the 

evaluation data. The evaluation data consists also of labeled examples, which are however not used 

for training in order to evaluate the performance of a classifier on unseen data. 

The performance of supervised learning relies on two key aspects of data: quality and quantity. 

Quality refers to consistent and correct labeling. To collect high quality data, we conducted four 

iterations, involving 4 labelers and resulting in 500 classified requirements (see Error! Reference s

ource not found.).  

Iteration Labellers Requirements 

1 4 22 

2 3 50 

3 1 178 

4 1 250 

Table 1 Labelling iterations 

Before iteration 1, we established our initial verifiability classification system which was refined 

during the labelling process. In iteration 1, four labellers (three from HOCHTIEF Vicon and one 

from BTH) classified 22 requirements to establish a common understanding of the classification 

system. We analyzed classification divergences and improved the classification system and 
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guidelines for iteration 2, in which two labellers from HOCHTIEF Vicon and one from BTH 

participated. Again, we analyzed divergences and improved the guidelines/classification system. 

After iteration 2, we validated the classification of the 72 labelled requirements with two 

requirements experts from Trafikverket. After iteration 2, we were confident to have collected high 

quality data for 72 requirements, which was however not sufficient to train a classifier, in particular 

if the data is, as in this case, unbalanced. Class imbalance means that the training data contains more 

examples of one class than another. For example, our training set (and likely also TRVInfra, since 

we sampled the requirements randomly) contains more product than process and documentation 

requirements. Since we have fortified the guidelines and classification system in two iterations, we 

decided to proceed with one labeller. To increase the likelihood of correct classification, we 

exploited the agreement information collected in iterations 1 and 2: we trained a classifier, using the 

72 requirements and the information on whether the labellers agreed or not in their independent 

assessment. We then predicted on our remaining set of requirements from TRVInfra, on which 

requirements we would likely achieve agreement. We did this per dimension and sampled then 

requirements on which the classifier predicted full agreement. In iteration 3, we labelled 178 

requirements and checked their consistency with the 72 previously validated ones. In total, we had 

now 250 requirements, which we used for training and nested cross-validation of the classifier. In 

iteration 4, we sampled 250 more requirements, labelled and consistency checked them with the first 

250 requirements. This latter set of requirements serves as test data to evaluate the performance of 

the classifier on unseen data and to compare the performance of the supervised and unsupervised 

classifiers.    

7.2.3  Supervised classifier 

We used 5-fold cross validation, meaning we split up the training set into five buckets (A, B, C, D, 

and E), each containing 50 requirements. Then, we trained the classifier on four buckets (A-D) and 

evaluated it on the unseen requirements in bucket E. We selected another bucket for evaluation (e.g. 

D) and trained the classifier with buckets A, B, C, and E. We repeated this process until all buckets 

have been used for evaluation and averaged the performance of the classifier. This process provides 

a reliable estimate of the classifiers performance as well as gives an illustration on the performance 

variance, depending on which buckets are used for training. Optimally, we want to achieve high 

performance with as little variance as possible. Table 2 summarizes the cross-validation 

performance metrics for the supervised classifier. Specifically, we show the macro average for the 

metrics, which is appropriate for unbalanced data sets, and gives a conservative performance 

estimate. The value in parentheses shows the standard deviation of the performance metric over the 

5-fold cross-validation, indicating how stable the results are with varying data. 

Dimension Precision  Recall  F1-score  

Target 0.896 (0.043) 0.896 (0.030) 0.882 (0.043) 

Nature 0.905 (0.059) 0.916 (0.043) 0.906 (0.048) 

Interpretability 0.692 (0.069) 0.744 (0.052) 0.708 (0.053) 

Reference 0.963 (0.031) 0.956 (0.036) 0.951 (0.043) 

Table 2 Cross-validation performance 

Once we trained a model with the learned hyper-parameters, we classified further 250 requirements 

and evaluated the performance of the classifier on data that was not seen during training. Table 3 

shows again the same performance metrics (however without standard deviation since there are no 

repeated classifications on subsets of the data). 
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Dimension Precision Recall F1-score 

Target 0.910 0.916 0.910 

Nature 0.918 0.920 0.918 

Interpretability 0.750 0.780 0.761 

Reference 0.958 0.952 0.954 

Table 3 Test set performance of the supervised classifier 

Comparing the cross-validation and test data performance in Table 2 and Table 3 respectively, one 

can observe that the values for each metric and dimension are very similar. This indicates that cross-

validation is indeed a very good predictor for the performance of a classifier on unseen data, i.e. the 

test set.   

7.2.4 Unsupervised classifier 

The unsupervised classifier does not use any specific training data but relies on the encoded 

knowledge in large language models, in particular the Generative Pre-trained Transformers (GPT’s) 

provided by OpenAI. We compared seven models (all results are available in the appendix) but 

report here only the best-performing ones (gpt-4.1, o3, o4-mini and gpt-5). Table 4 shows the results, 

with the best F1-score highlighted in bold font face. The table shows also the cost in USD per 1M 

input/output tokens.  

Model Dimension Precision Recall F1-score 

gpt-4.1 
(2.00/8.

00 
USD) 

Target 0.921 0.928 0.922 

Nature 0.863 0.892 0.874 

Interpretability 0.823 0.832 0.810 

Reference 0.940 0.908 0.919 

o3 
(2.00/8.
00 USD 

Target 0.945 0.944 0.943 

Nature 0.914 0.896 0.902 

Interpretability 0.782 0.796 0.788 

Reference 0.939 0.900 0.911 

o4-mini 
(1.10/4.

40 
USD) 

Target 0.941 0.936 0.938 

Nature 0.917 0.900 0.904 

Interpretability 0.786 0.772 0.778 

Reference 0.926 0.892 0.903 
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gpt-5 
(1.25/1
0 USD) 

Target 0.934 0.920 0.925 

Nature 0.908 0.896 0.901 

Interpretability 0.804 0.692 0.725 

Reference 0.939 0.888 0.903 

Table 4 Test set performance of the unsupervised classifier 

Looking at the F1-scores and comparing the different models, we can observe that the differences 

are marginal. While different models perform better for different dimensions, there a no large 

performance gaps between the models. Note however that gpt-5, the most recent model, did not win 

in any dimension. gpt-4.1 shows the best performance for interpretability and reference, while o3 

wins the target dimension and o4-mini the nature dimension. Given this closeness in performance, 

cost per 1M input/output token should be considered, in which case o4-mini is the clear winner.  

7.2.5 Comparison of classifiers 

We compare now the differences between the supervised and unsupervised classifiers. Table 5 

shows the F1-scores, indicating that the differences are marginal with the largest gap in the 

interpretability dimension with 0.049. 

Dimension Supervised  Unsupervised Difference 

Target 0.910 0.943 (o3) 0.033 

Nature 0.918 0.904 (o4-mini) 0.014 

Interpretability 0.761 0.810 (gpt-4.1) 0.049 

Reference 0.954 0.919 (gpt-4.1) 0.035 

Table 5 Supervised vs unsupervised classifier performance 

Training a supervised classifier is costly since the training data is typically not readily available and 

needs to be gathered manually. However, this process has the added benefit that the classification 

system is refined and validated over time, strengthening the participants' understanding of the 

classification and establishing a high-quality ground truth that is needed to evaluate both supervised 

and unsupervised classifiers.  

Looking at the absolute performance of the classifiers in the different dimensions, we believe that 

any result above 0.900 is good enough to be used in practice as a decision support system when 

classifying requirements. The interpretability dimension is the only one with a result below 0.900 

for the F1-score. The difficulty for the classifiers to correctly classify this dimension reflects also 

very well the difficulty of creating the ground truth for this dimension.    

7.2.6 Application on TRVInfra  

Since the performance difference between supervised and unsupervised classifier is marginal, and 

the unsupervised classifier using OpenAI’s API incurs costs for each requirement classification, we 

chose to proceed with the supervised classifier. From the 17622 TRVInfra requirements, we have 

used 250 for training. Therefore, we applied the supervised classifier on the remaining 17372 

requirements and show the results in Table 6. 
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Dimension Label Frequency 

Target 

Product 13387 

Process 3112 

Documentation 873 

Nature 

Quantitative 2755 

Qualitative 13997 

Mixed 620 

Interpretability 

Non-ambiguous 14098 

Ambiguous (natural) 101 

Ambiguous (artificial) 3173 

Reference 

No reference 13628 

Local 1698 

Internal 1197 

External 849 

Table 6 TRVInfra classification results 

Target: The majority of the requirements address the product (77%), followed by requirements on 

how these products shall be constructed/delivered (18%) and documented (5%). Process and 

documentation requirements can only be verified during or after the construction phase and not in 

the design phase where the delivered digital assets can serve as basis for the verification of the 

product. This classification provides an initial input on when and how certain requirements can be 

verified and allows therefore for a systematic planning of the verification process.  

Nature: The majority of the requirements are qualitative (80.5%), i.e. they describe a need in natural 

language and require interpretation. Qualitative requirements are not necessarily more difficult to 

verify; if they are precise, concrete and do not contain artificial ambiguity, they can be verified, 

potentially even automatically. The remainder of TRVInfra requirements are quantitative (16%) and 

mixed (3.5%). 

Interpretability: The majority of the requirements are non-ambiguous (81%). Still, 18% exhibit 

artificial ambiguity and 1% are naturally ambiguous. This means that about 1/5 of the TRVInfra 

requirements exhibit some form of ambiguity, which is a threat to the verifiability of the 

requirements.  

Reference: The majority of the requirements contain no references (78%), followed by local (10%), 

internal (7%) and external (5%) references. In terms of verifiability, requirements with no references 

are preferred as there is no need to look up additional information to be able to verify the 

requirement. 
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Automated Compliance Checking (ACC): The requirements that exhibit the best verifiability, i.e. are 

the best choice for ACC, are quantitative, non-ambiguous product requirements without references. 

Filtering the classified TRVInfra requirements according to these criteria, we identify 1996 (11.5%) 

requirements. If we include also qualitative and mixed requirements, this number rises to 7972 

(46%).  

Artificially ambiguous requirements: The largest threat to verifiability are artificially ambiguous 

requirements since their subjective interpretation leads potentially to different implementations and 

verification results, depending on who interprets the requirement. It is therefore important to address 

the 3173 artificially ambiguous requirements and improve their formulations. With this high 

number, some automated support is needed. We have therefore experimented with a Generative Pre-

Trained Transformer (GPT) to analyze and reformulate artificially ambiguous requirements. We 

show here an example of the generated advice for one requirement that our method classified as 

artificially ambiguous: 

Kravet “Infästning i konstbyggnad ska klara de krafter som kan uppstå.” innehåller flera 

typer av artificiell tvetydighet. Nedan följer en analys enligt din specificerade modell: 

Ambiguitetsanalys 

1. Vaghet 

• Uttrycket "de krafter som kan uppstå" är vagt. 

o Det saknas specificitet kring vilka typer av krafter som avses (t.ex. statiska, 

dynamiska, vind, vibrationer, trafiklaster etc.). 

o Det framgår inte om det gäller extrema laster (t.ex. olyckslast), normallaster 

eller driftfall. 

o Vagheten gör att kravet inte är direkt verifierbart utan tolkning eller tillägg av 

expertkunskap. 

2. Inkompletthet 

• Det anges inte vem som ansvarar för att säkerställa att infästningen klarar dessa krafter 

(designer, leverantör, beställare?). 

• Det anges inte enligt vilka normer eller beräkningsmetoder hållfastheten ska 

verifieras. 

• Det framgår inte vilken livslängd, säkerhetsmarginal eller kontrollmetod som krävs 

(t.ex. FEM-analys, provning, dokumenterad erfarenhet). 

3. Lexikal tvetydighet 

• Ordet "infästning" kan syfta på olika saker beroende på sammanhang: 

o En specifik detalj (t.ex. förankringsbult), 

o Ett sammanhängande infästningssystem, 

o Eller till och med allt som förbinder elementet till konstbyggnaden. 

4. Tacit knowledge – kollektiv 

• Vad som utgör "krafter som kan uppstå" i en konstbyggnad förutsätter förståelse av 

byggnadsverkets funktion (t.ex. bro, tunnel, stödmur) och tillhörande laster. 

• Detta kan tolkas olika av personer utan domänspecifik erfarenhet, och kräver ofta 

expertbedömning. 
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Verifiabilitet 

Som det är skrivet nu är kravet inte verifierbart utan ytterligare tolkning och förutsättningar. Det 

går inte att fastställa om infästningen uppfyller kravet utan: 

• Antaganden om vilka laster som avses. 

• Specifikationer kring verifieringsmetod. 

• Referenser till relevanta standarder eller dimensioneringsprinciper. 

Rekommenderad omformulering 

"Infästningar i konstbyggnader ska dimensioneras och verifieras för samtliga relevanta laster 

enligt [ange tillämplig standard, t.ex. Eurokod eller Trafikverkets regelverk], inklusive statiska, 

dynamiska och tillfälliga laster som kan uppstå under drift, underhåll och extrema händelser." 

Kommentar: 

• Denna formulering är testbar, förutsatt att tillämplig standard och projektspecifika laster 

definieras i kravdokumentation eller bilaga. 

• Behåller nödvändig designflexibilitet, men styr upp mot verifierbara riktlinjer. 

 

 

Such an analysis and improvement, while still time-consuming for several thousand requirements, 

could be accelerated considerably with the proposed generative AI assistant. The result would be a 

basis of more objective requirements, equally understood by all stakeholders and hence lowering 

the risk of costly reworks and contract litigations. 

7.3 Conclusions 
In this work package, we have developed and systematically evaluated an approach to characterize 

the verifiability of TRVInfra requirements. This analysis is essential to understand to what degree 

ACC is possible with the existing requirements, and which requirements need to be improved to 

make them verifiable.  

We have found that a large part (46%) of the TRVInfra requirements have the potential to be verified 

automatically: they refer to the product, are non-ambiguous and do not have any references. 

Furthermore, 11.5% are even quantified, making the automation even more possible since this 

allows the automated calculation and verification of dimensions, frequencies and other quantified 

characteristics in digital assets. On the other hand, we found that 18% of the requirements exhibit 

artificial ambiguity and propose a method to help to remove this threat to verifiability. 

7.4 References to publications and reports 
The appendix to this report contains the following additional material: 

• WP4_A: The verifiability classification dimensions, their definitions and the classification 

guidelines. 

• WP4_B: 250 manually classified requirements used for training. 
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• WP4_C: 250 manually classified requirements used for evaluation. 

• WP4_D: The evaluation results with all collected metrics for the supervised and 

unsupervised classifiers. 

• WP4_E: The 17372 TRVInfra requirements that were classified automatically. 
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8 WP5 - Requirements’ verifiability analysis 

procedure 

8.1 Motivation 
As part of the research in WP4, we have designed and implemented processes for data collection as 

well as model training and evaluation. The purpose of WP5 is to describe these processes and point 

to the developed software so they can be reused by Trafikverket. 

8.2 Results 

8.2.1 Data collection and validation 

A key to machine learning models that are useful in practice is the quality of data that is used to train 

them. If the training data contains errors, is inconsistent or incomplete, the resulting model will 

mirror these defects and not be useful in practice. For the established of high-quality data for training 

and evaluation of models we have therefore the following recommendations: 

1. Perform the labelling activity in iterations, i.e. do not label all data at once. Use the 

iterations to refine the definitions of the labels and the labelling process itself.  

2. After each iteration, perform a consistency check by grouping the requirements according 

to their classification. Check two aspects: (1) in clusters of requirements with three or less 

instances, verify that these rare combinations of characteristics are indeed correct. (2) in 

clusters with more than three instances, verify that each requirement belongs into this 

cluster.   

3. Involve at least three labellers to understand if the definitions of labels are objective and 

understood equally. Use the disagreement between labellers to understand root causes, 

which can be different background knowledge or weak definitions of labels. In both cases, 

the labelling guidelines need to be improved. 

4. Use external validation to independently confirm the labelling quality, i.e. involve experts 

that were not part of the labelling activity to validate the complete or a sample of the 

labelled data. 

The data we have collected and analyzed, and the artifacts we have created during this process, are 

part of the additional material to this report and can serve as a blueprint for future classifications.  

8.2.2 Model training and evaluation 

We have published all source code to train, evaluate and demonstrate the classifiers in an open 

repository: https://github.com/bth-dipt-research/SVAR 

The repository contains code and documentation for the following key deliverables: 

1. The supervised classifier, using the SetFit approach that is based on contrastive learning 

for fine-tuning a few-shot classifier. 

2. The unsupervised classifier, using several of OpenAI’s GPT models. 

3. A web-based demonstrator of the supervised classifier that can be deployed as a docker 

container.  

https://github.com/bth-dipt-research/SVAR
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The code in the repository allows one to replicate the results reported in WP4 and can serve as a 

baseline for future research or implementation projects.  

8.2.3 Requirements verifiability classifier 

We have deployed the web-based demonstrator of the supervised classier on a university (local) 

server: https://mun.diptsrv003.bth.se/  

The demonstrator allows users to specify a requirement and then classify it. In contrast to the batch 

classification and evaluation, where the input consists of a set of requirements, the demonstrator 

expects a single requirement as input. The output is a classification according to the four dimensions 

(target, nature, interpretability and reference), together with a confidence score (0-100%) for the 

categories in each dimension. Figure 1 shows a screenshot of the demonstrator. 

 

Figure 3 Web-based demonstrator of the classifier 

In this example, the classifier predicted that the requirement (Utfartssignal ska vara placerad på 

driftplats, sista signal vid eller innanför driftplatsgräns.) is 100% a product and qualitative 

requirement, containing no reference. It is likely artificial ambiguous (79%), indicating to the user 

that there is some uncertainty in this classification. 

8.3 Conclusions 
In this work package, we provide the key lessons learned from collecting the ground truth used to 

train and evaluate the classifiers. In addition, we provide the source code and a running 

demonstrator, accessible online at https://mun.diptsrv003.bth.se/ 

https://mun.diptsrv003.bth.se/
https://mun.diptsrv003.bth.se/
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The demonstrator can be used to make the idea of requirements classification more broadly available 

and tangible. The source code can serve as a basis for future projects. 

8.4 References to publications and reports 
The appendix to this report contains the following additional material: 

• WP5_A: Raw data and artifacts produced from collecting the ground truth 

• WP5_B: Source code for the classifiers and demonstrator 
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9 WP6 - Assessment of TRVInfra requirements 

w.r.t. machine readability 

9.1 Motivation 
Automated Compliance Checking (ACC) represents a transformative opportunity to improve the 

efficiency, reliability, and scalability of requirement verification processes in infrastructure projects. 

In traditional workflows, the manual interpretation and validation of regulatory requirements are 

time-consuming, error-prone, and often inconsistent - especially when dealing with large volumes 

of complex, heterogeneous data. As infrastructure projects become increasingly digitized, the need 

to translate textual requirements into machine-readable formats becomes critical for enabling 

automation and reducing human effort. 

The motivation behind WP6 is to explore and establish the foundations for converting regulatory 

requirements - particularly those defined by TRVInfra - into formats that can be processed by 

automated systems. This transformation is essential for unlocking the full potential of ACC, as it 

allows for systematic, repeatable, and objective verification of compliance across different project 

phases. 

To achieve this, WP6 focuses on identifying suitable machine-readable standards and frameworks 

that support the encoding of requirements in a structured, computable form. This includes 

investigating semantic technologies such as RDF (Resource Description Framework), SBVR 

(Semantics of Business Vocabulary and Business Rules), and SPARQL, which enable the 

representation of requirements as logical triples and facilitate querying within ontology-based 

systems. 

Furthermore, WP6 is motivated by the need to align requirement formulation practices with the 

principles of machine readability. This involves not only the technical conversion of data formats 

but also a conceptual shift in how requirements are written, managed, and interpreted. By reviewing 

existing literature and analyzing Trafikverket’s IT environment and requirement management 

systems, WP6 aims to provide actionable insights into how requirements can be structured to support 

automated verification. 

Ultimately, this work package lays the groundwork for integrating ACC into real-world 

infrastructure projects by bridging the gap between human-readable regulatory texts and machine-

executable verification logic. It supports the broader goal of SVAR to reduce manual workload, 

improve traceability, and enhance the quality and consistency of deliverables in the construction and 

infrastructure domain. 

9.2 Results 
WP 6 aimed to assess the feasibility of representing regulatory requirements - specifically those 

defined by TRVInfra - in machine-readable formats to enable automated compliance checking 

(ACC). The results presented in this section reflect a multi-dimensional investigation into standards, 

tools, and methodologies that support this transformation. By combining theoretical analysis with 

practical experimentation, the work package provides a foundational understanding of how 

requirements can be structured, encoded, and processed to facilitate automation. The findings are 

grouped into thematic areas that address both technical and procedural aspects of machine 

readability, offering insights into current capabilities and future potential for implementation in 

infrastructure projects. 
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9.2.1 Literature Review and Standards 

The literature review conducted in WP6 focused on identifying established frameworks and 

standards that support the transformation of regulatory requirements into machine-readable formats. 

A central finding was the importance of semantic structuring to enable automated interpretation and 

validation of complex regulatory texts. 

Among the reviewed standards, RDF (Resource Description Framework) and SBVR (Semantics 

of Business Vocabulary and Business Rules) emerged as particularly relevant. RDF enables the 

representation of data as subject-predicate-object triples, which are essential for building ontologies 

and querying regulatory content using SPARQL. SBVR, on the other hand, provides a formal 

vocabulary and rule-based logic that supports the encoding of business rules in a way that is both 

human-understandable and machine-processable. 

The RASE model (Requirements, Applicability, Selection, Exception) was identified as a practical 

framework for classifying regulatory content. Unlike traditional markup approaches that focus on 

keyword detection or syntactic parsing, RASE emphasizes the functional role of noun phrases and 

clauses, allowing for a more structured and computationally tractable representation of 

requirements. This classification supports the prioritization of clauses for automation and facilitates 

the mapping of regulatory content to IFC constraints. 

In addition, the IfcConstraintResource schema was examined as part of the IFC standard. It allows 

constraints to be associated with any subtype of IfcObjectDefinition or IfcPropertyDefinition, 

enabling both qualitative and quantitative conditions to be embedded directly into digital models. 

These constraints can be defined with varying levels of strictness (hard, soft, advisory) and linked 

to external references, actors, and timestamps, supporting traceability and version control. 

The review also highlighted limitations in current formats such as mvdXML, which primarily 

support simple if(x) then(y) logic and struggle with more complex conditional structures. This 

underscores the need for more expressive rule languages and integration with procedural code or 

semantic web technologies. 

Overall, the literature and standards analysis provided a solid foundation for the subsequent practical 

work in WP6, guiding the selection of technologies and informing the design of demonstrators for 

machine-readable requirement processing. 

9.2.2 Requirements Management Practices 

Effective requirements management is a critical enabler for transforming regulatory content into 

machine-readable formats. In the context of WP6, the focus was placed on understanding how 

requirements are currently authored, stored, and maintained - particularly within the TRVInfra 

environment - and how these practices influence the feasibility of automated compliance checking 

(ACC). 

A key insight from the literature and stakeholder analysis is that structured documentation and 

traceability are essential prerequisites for automation. Tools such as IBM DOORS NG were 

identified as widely used platforms that support version control, requirement linking, and metadata 

enrichment. These capabilities are crucial for maintaining consistency across evolving requirement 

sets and for enabling downstream processing by automated systems. 

The analysis also emphasized the importance of semantic clarity and formalization in requirement 

formulation. Requirements that are ambiguous, overly complex, or context-dependent are difficult 

to translate into computable logic. To address this, the RASE framework was again referenced as a 

method to classify and tag requirements based on their functional role, which supports both human 

understanding and machine interpretation. 

Furthermore, the study highlighted the need for interoperable data formats and standardized 

vocabularies. The integration of external classification systems such as bsDD (buildingSMART 



   

 

35 (55) 

 

Blekinge Institute of Technology | SE-371 79 Karlskrona | +46 (0)455 385000 | 

www.bth.se  

 

Data Dictionary) was explored as a means to harmonize terminology and improve semantic 

alignment between requirements and model elements. 

In addition, the use of agile requirements engineering practices was discussed as a way to 

iteratively refine and validate requirements in dynamic project environments. This approach 

supports early detection of inconsistencies and facilitates the continuous improvement of 

requirement quality, which is particularly beneficial when aiming for machine readability. 

Overall, the findings underscore that robust requirements management is not only a technical 

necessity but also a strategic foundation for enabling ACC. Without structured authoring, 

traceability, and semantic consistency, the transformation of requirements into machine-readable 

formats remains limited in scope and reliability. 

9.2.3 Evaluation of Machine Readable Formats 

A central task in WP6 was to evaluate the suitability of various machine-readable formats for 

representing regulatory requirements in a way that supports automated compliance checking (ACC). 

The formats were assessed based on their structural capabilities, semantic expressiveness, 

interoperability, and alignment with existing BIM standards and workflows. 

Three primary formats were examined: 

• XML (Extensible Markup Language) 

XML is widely used for hierarchical data structuring and validation. It allows for the 

definition of custom schemas, making it suitable for representing nested requirement 

structures. However, its verbosity and limited semantic capabilities can pose challenges 

when encoding complex logical relationships. 

• JSON (JavaScript Object Notation) 

JSON offers a lightweight and human-readable syntax, making it ideal for web-based 

applications and data exchange between systems. While it supports structured data, its lack 

of native schema enforcement and semantic depth limits its applicability for formal rule 

representation. 

• RDF (Resource Description Framework) 

RDF was identified as the most promising format for semantic representation. It enables 

the encoding of requirements as subject-predicate-object triples, which can be queried 

using SPARQL and integrated into ontology-based systems. RDF supports interoperability 

and aligns well with FAIR data principles (Findable, Accessible, Interoperable, Reusable). 

In addition to format evaluation, the study explored the use of mvdXML within the IFC ecosystem. 

While mvdXML is supported by tools like IfcDoc and allows for the definition of Model View 

Definitions (MVDs), its expressiveness is limited to simple conditional logic (e.g., if(x) then(y)). 

More complex rule structures - such as nested conditions or logical combinations - are not natively 

supported, which restricts its utility for advanced ACC scenarios. 

To overcome these limitations, the integration of semantic rule languages such as SWRL 

(Semantic Web Rule Language) and LegalRuleML was considered. These languages offer 

greater flexibility in expressing logical constraints and can be combined with RDF-based ontologies 

to enable sophisticated reasoning over requirement sets. 

The evaluation also included practical considerations such as tool support, ease of implementation, 

and compatibility with existing BIM workflows. Formats that support linkage to external 

dictionaries (e.g., bsDD) and allow for metadata enrichment were prioritized, as they facilitate 

traceability and semantic alignment. 

In summary, RDF - combined with ontologies and semantic rule languages - was identified as the 

most suitable foundation for machine-readable requirement representation. XML and JSON may 
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serve as intermediate formats or for specific use cases, but lack the semantic depth required for 

comprehensive ACC. The findings from this evaluation informed the design of demonstrators and 

guided the selection of technologies for further development in WP6. 

9.2.4 Integration with IFC and IFC4.3 

The integration of regulatory requirements with digital building models is a cornerstone of 

automated compliance checking (ACC). In WP6, particular attention was given to the Industry 

Foundation Classes (IFC) standard, which provides a structured schema for representing 

construction and infrastructure data in a machine-readable format. 

The evaluation focused on IFC version 4.3, which introduces enhanced support for infrastructure-

specific elements such as roads, bridges, and railways. This version enables more precise mapping 

between model components and regulatory requirements, thereby improving the relevance and 

accuracy of automated verification processes. 

A key component of this integration is the IfcConstraintResource schema, which allows 

constraints to be associated with objects (IfcObjectDefinition) or properties (IfcPropertyDefinition) 

within the model. These constraints can be defined as hard, soft, or advisory, and may include 

metadata such as source references, creation timestamps, and responsible actors. This flexibility 

supports both technical and managerial requirements and enhances traceability across project 

phases. 

The IfcRelAssociatesConstraint and IfcResourceConstraintRelationship classes were 

examined as mechanisms for linking constraints to model elements. These relationships enable the 

embedding of rule logic directly into the model, allowing for context-sensitive validation during 

design, planning, or review stages. 

In addition, the study explored the use of IfcPropertySet and its subtypes 

(e.g., IfcPropertySingleValue, IfcPropertyBoundedValue, IfcPropertyEnumeratedValue) to 

represent requirement parameters such as dimensions, performance thresholds, or classification 

codes. These properties can be grouped and assigned to objects, facilitating structured data exchange 

and supporting rule-based validation. 

The integration of IFC with external vocabularies - such as the buildingSMART Data Dictionary 

(bsDD) - was also considered. This linkage enhances semantic interoperability and allows for 

consistent interpretation of terms across different systems and stakeholders. 

Overall, the IFC schema provides a robust foundation for embedding regulatory logic into digital 

models. Its hierarchical structure, extensibility, and support for constraint relationships make it well-

suited for ACC applications. However, the effectiveness of this integration depends on the quality 

of the underlying requirement definitions and the availability of tools that support constraint 

authoring and validation. 

9.2.5 Application of RASE and IFC Constraints 

To enable structured and computable representation of regulatory requirements, Work Package 6 

explored the application of the RASE framework and the integration of IFC constraints within 

digital models. These approaches provide complementary mechanisms for formalizing requirements 

and embedding them into model-based verification workflows. 

The RASE model - which stands for Requirements, Applicability, Selection, Exception - was 

applied to classify and annotate requirement texts based on their functional roles. Unlike 

conventional markup techniques that rely on keyword detection or syntactic parsing, RASE focuses 

on the semantic structure of regulatory clauses. This enables the identification of which parts of a 

requirement define the core obligation, under what conditions it applies, what alternatives may be 
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selected, and which exceptions are permitted. Such classification is essential for transforming natural 

language requirements into machine-interpretable logic. 

RASE annotations also support prioritization in automation efforts. Requirements tagged as 

“Selection” or “Exception” often involve conditional logic or context-sensitive interpretation, which 

may require more advanced rule engines. In contrast, “Requirement” elements are typically more 

straightforward to encode and validate. This differentiation helps guide the development of rule 

libraries and informs the design of verification demonstrators. 

In parallel, the IfcConstraintResource schema was used to embed constraints directly into IFC-

based models. Constraints can be associated with objects (IfcObjectDefinition) or properties 

(IfcPropertyDefinition) and defined with varying levels of strictness - hard, soft, or advisory. These 

constraints may include metadata such as source references, creation timestamps, and responsible 

actors, supporting traceability and lifecycle management. 

The IfcRelAssociatesConstraint and IfcResourceConstraintRelationship classes enable the 

linkage of constraints to specific model elements or resource objects. This allows for context-aware 

validation, where constraints are only applied when relevant conditions are met. For example, a fire 

safety regulation may only apply to residential spaces above a certain floor level, and this logic can 

be encoded using IFC relationships and constraint attributes. 

Additionally, the study examined the potential of user-defined constraint grades and external 

references to enhance flexibility and interoperability. Constraints can be linked to external 

documents, classification systems (e.g., bsDD), or rule repositories, enabling dynamic updates and 

cross-system consistency. 

Together, the RASE framework and IFC constraint mechanisms provide a robust foundation for 

formalizing and operationalizing requirements in ACC workflows. Their combined use supports 

both semantic clarity and technical integration, paving the way for scalable and reliable automated 

verification in infrastructure projects. 

9.2.6 Methodology Transition 

A key objective of WP6 was to explore and demonstrate how human-readable regulatory 

requirements can be systematically transformed into machine-readable formats suitable for 

automated compliance checking (ACC). This methodological transition involves both conceptual 

restructuring and technical encoding of requirement content. 

The process begins with the semantic decomposition of natural language requirements. Using 

frameworks such as RASE, requirements are annotated to distinguish their functional components 

- core obligations, applicability conditions, selection options, and exceptions. This classification 

enables targeted processing and supports the generation of rule logic that reflects the intent and 

structure of the original text. 

To operationalize this transformation, the project employed SBVR-based methods to convert 

annotated requirements into triples - subject-predicate-object statements that form the basis of 

semantic web technologies. These triples are stored in triplestores, which allow for efficient 

querying and reasoning using SPARQL. This approach enables automated systems to validate 

model data against encoded requirements with high precision. 

The transition also involved the use of ontology engineering, where domain-specific concepts and 

relationships are formalized to support rule interpretation. Ontologies provide the semantic 

backbone for linking requirements to model elements and external classification systems such 

as bsDD. This ensures consistency and interoperability across different tools and data sources. 

In addition, the project explored the layering of requirement representation, inspired by the FAIR 

data principles: 
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• A source layer captures the original requirement documents (e.g., PDF, Word, XML). 

• An annotation layer adds semantic tags and grammatical roles. 

• An interpretation layer encodes formal logic using standards like LegalRuleML, OWL, 

or SWRL. 

• An operational layer translates rules into executable formats for rule engines 

(e.g., DROOLS). 

This multi-layered approach ensures that requirements remain traceable, interpretable, and adaptable 

throughout their lifecycle. It also supports the integration of procedural code and rule-checking 

engines, enabling dynamic validation and feedback mechanisms. 

The methodological transition demonstrated in WP6 confirms that with appropriate structuring, 

annotation, and encoding, even complex regulatory texts can be made machine-readable. This lays 

the groundwork for scalable ACC implementations and opens pathways for future research into 

automated design generation and intelligent rule management. 

9.2.7 Demonstrator Development 

To validate the feasibility of transforming regulatory requirements into machine-readable formats 

and applying them within automated compliance checking (ACC), WP6 included the development 

of a proof-of-concept demonstrator. This demonstrator served as a practical implementation of the 

methodologies and standards evaluated throughout the work package. 

The demonstrator was designed to showcase the end-to-end process - from requirement annotation 

and semantic encoding to rule execution and model validation. It incorporated RASE-classified 

requirements, which were converted into SBVR-based triples and stored in a triplestore. These 

triples were then queried using SPARQL, enabling automated reasoning over model data. 

To visualize the workflow and clarify the operational logic, the demonstrator included process 

charts and BPMN diagrams. These diagrams illustrated how requirements are processed across 

different project phases and how rule execution is triggered based on model context and metadata. 

The demonstrator also integrated with IFC-based models, using constraint relationships 

(IfcRelAssociatesConstraint, IfcResourceConstraintRelationship) to link encoded requirements to 

specific objects and properties. This allowed for context-sensitive validation, where rules were 

applied only when relevant conditions were met - e.g., verifying fire escape distances only for 

residential units above a certain floor level. 

In addition, the demonstrator explored the use of external dictionaries (e.g., bsDD) 

and Information Delivery Specifications (IDS) to enhance semantic interoperability and ensure 

alignment with industry standards. This integration supports the broader goal of enabling openBIM 

workflows and facilitating cross-platform rule execution. 

The demonstrator confirmed that with appropriate structuring, annotation, and encoding, complex 

regulatory requirements can be operationalized within digital models. It provided a tangible basis 

for stakeholder engagement, tool evaluation, and future scaling of ACC implementations. 

All required information for setting up the demonstrator will be added as a ZIP-archive and provided 

in appendix. Description will follow in Work Package 8. 

9.3 Conclusions 
WP6 has demonstrated that the transformation of regulatory requirements into machine-readable 

formats is both feasible and beneficial for advancing automated compliance checking (ACC) in 

infrastructure projects. Through a combination of literature review, standards evaluation, 
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methodological experimentation, and demonstrator development, the project has laid a solid 

foundation for future implementation and scaling of ACC technologies. 

The application of semantic frameworks such as RASE and SBVR, alongside the use 

of RDF and SPARQL, has shown that even complex regulatory texts can be decomposed, 

structured, and queried in a way that supports automated reasoning. The integration with IFC 

standards, particularly version 4.3, enables direct linkage between requirements and model 

elements, facilitating context-aware validation and enhancing interoperability across platforms. 

Furthermore, the development of a proof-of-concept demonstrator has provided tangible evidence 

of how machine-readable requirements can be operationalized within digital workflows. This 

demonstrator not only validated the technical feasibility but also served as a communication tool for 

engaging stakeholders and illustrating the potential of ACC. 

However, several challenges remain. The scalability of semantic encoding, the adaptability of rule 

engines to diverse requirement types, and the need for standardized authoring practices all require 

further investigation. Additionally, the transition from human-readable to machine-readable formats 

demands cultural and procedural shifts within organizations, including training, tooling, and 

governance. 

In conclusion, WP6 has successfully bridged the gap between theoretical research and practical 

application. The insights gained will inform subsequent work packages and contribute to the 

development of a roadmap for implementing ACC across Trafikverket’s projects. By continuing to 

refine methodologies and tools, the project moves closer to realizing a future where requirement 

verification is efficient, reliable, and largely automated. 

To illustrate the transformation journey, Figure 4 shows a process diagram with the progression 

from a list of verifiable requirements identified in WP4 to machine-readable formats developed in 

WP6, culminating in the deployment within verification methodologies. This graphical 

representation provides a clear overview of how requirements transition through each stage, 

emphasizing the seamless integration into automated verification systems. 

 

Figure 4 Diagram illustrating the process of creating machine readable requirements 

This structured approach not only facilitates accurate compliance checking but also sets the stage 

for developing advanced verification methods that can be efficiently implemented in real-world 

applications. By harnessing the transformative potential of semantic technologies and structured 

formats, we are positioned to significantly enhance efficiency, reliability, and scalability in 

infrastructure project verification processes. 
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10 WP7 - Demonstration of verification methods of 

models 
WP7 addresses the fundamental question of whether verification methods can be established based 

on ontologies, the triple store framework and defined procedures elaborated in WP6. 

To effectively explore this query, it is essential to specify precise, targeted questions, ensuring that 

verification methods are constructed with relevance and precision. A methodological approach 

utilizing a BPMN diagram was developed to showcase how a supplier interacts with an Artificial 

Intelligence (AI) system, specifically a Large Language Model (LLM), to identify requirements that 

are most pertinent to the supplier’s needs. 

Note: All BPMN-diagrams in this section are given as source-files in the appendix to this 

deliverable (WP7) and can be accessed via www.draw.io. 

10.1 Motivation 
To create a proof of concept regarding the interaction with the given information stored in the triple 

store, and therefore with given requirements, a user scenario must be defined in advance. The user 

scenario defines, which questions should be answered to an user, when interacting with the 

ontologies. Therefore, a simple BPMN diagram has been elaborated, showing the interaction 

between a Supplier and a Large Language Model to answer the general question, which requirements 

are relevant for a specific modelling task. And, in a second step, to verify these requirements 

regarding a created model subsequently. 

The BPMN of this first Proof of Concept is given in the following image to illustrate how a list of 

relevant requirements is returned, providing suppliers with a foundational basis for modeling tasks 

(bordered in dashed red line) and how a model could be verified with the same information source 

(bordered in dashed green line).  

 

 

The BPMN illustrates a structured process for the identification and automated verification of 

requirements. The workflow is divided into two main sections: the identification of relevant 

requirements and the automated verification of those requirements. 

  

http://www.draw.io/
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10.1.1 Identification of Relevant Requirements 

The process begins with the Supplier 

with a review of the commissioning and 

the definition of the application task. 

Relevant requirements for the specific 

task are identified by a Supplier and 

scoped as relevant tasks.  

The Supplier asks the system (AI – 

LLM) regarding relevant requirements 

for the modelling tasks via a chat in 

natural language. The AI re-formulates 

the question as a SPARQL query and 

addresses the triple store. The identified 

requirements are compiled into a list 

and will be returned to the supplier. 

If necessary, requirements are further 

processed and derived into machine-

readable formats such as Triples, JSON, 

or other formats using an API authoring 

application. 

10.1.2 Automated Verification of Requirements 

The next phase involves generating the product or model along with its associated semantic 

information. The system queries the relevant requirements for the task in natural language and 

translates them into a list of triples, such as RML files. The model is then assessed for matches and 

mismatches against these requirements. Automated verification identifies any discrepancies 

between the model and the requirements. The results are then reviewed: If all requirements are met, 

the deliverable is approved and forwarded to the client (e.g. Trafikverket). If discrepancies are found, 

revisions are required, and the process is repeated. 

 

This process ensures a systematic and transparent approach to requirement verification. By 

leveraging automated querying and semantic technologies, requirements can be identified, checked, 

and documented to achieve traceable project outcomes. 
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10.1.3 Proof of Concept 

This process has been coded to create a Proof of Concept for interacting with the triplestore via a 

Chat bot. The following images show in brief the major steps of this procedure: 

Requesting relevant requirements: 

 

The Chatbot returns the SPARQL-query, which will be used to receive the required information 

from the triple store: 

 

In the end the following feedback will be returned as a result: 

 

Since the general aim of WP7 was to transfer theoretical approaches from objective 2 (WP4 to WP6) 

into an Information Delivery Manual (IDM) to provide an overview of exchange information 

requirements, the proof of concept should be elaborated further. 

After the successful transfer from the initial BPMN diagram, the BPMN diagram was extended by 

incorporating Trafikverket as an additional swim lane and the creation of an Information Delivery 

Specification (IDS) based on the identified requirements. This IDS enables both the supplier and 

Trafikverket to enhance coordination and consistency in their verification efforts. 

The following BPMN diagram shows an enhanced version of the first Proof of concept: 



   

 

43 (55) 

 

Blekinge Institute of Technology | SE-371 79 Karlskrona | +46 (0)455 385000 | 

www.bth.se  

 

 

The provided process diagram illustrates a typical workflow for the application and quality 

assurance of project data (e.g. ifc models). The process is structured into several coordinated steps, 

ranging from the definition of requirements to the final acceptance of the model. 

Requirements Definition and Modeling 

The process begins with the definition of relevant requirements and model specifications (LOIN 

Definition for 3D Models). These form the basis for subsequent modeling and quality assurance. 

Requirements are documented in a machine-readable format (e.g., using SPARQL, Triplestore, API 

Authoring) and made available for further processing. 

Modeling and Quality Assurance 

Based on the defined requirements, the supplier creates an IFC model. The model is then 

automatically checked (Match/Dismatch via IDS Modelling Definition) to ensure that all 

requirements have been correctly implemented. The results of the verification are summarized in a 

quality report. If the model does not meet all requirements, a revision and re-verification are carried 

out.  

Acceptance and Handover 

After successful quality assurance, the model is released providing verified and accepted model 

quality. In the final step, the model is formally accepted by the client (e.g., Trafikverket). All 

requirements and deliverables are reviewed and documented. 

This process ensures systematic and transparent quality assurance of digital building models. 

Automated verification and structured documentation of requirements provide a high level of 

transparency and traceability throughout the project. 

10.2 Results 
In WP7, substantial progress was made in automating requirement verification by effectively 

utilizing SBVR and RDF frameworks, demonstrating their viability in automating large portions of 

the verification process. The theoretical transfer involved translating these theoretical approaches 

into Information Delivery Manuals (IDMs) tailored for automated verification. Processes were 

refined to convert natural language requirements into machine-readable formats using semantic 

methods like SBVR, ensuring precise and scalable transformations. 
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Focus was placed on the development of Information Delivery Specifications (IDS), which evolved 

to outline procedures and identify challenges. These specifications facilitate automated verification 

processes by defining structured requirements, laying the groundwork for effective automation. 

Verification demonstrators served as prototypes for the automation of verification methods targeted 

at specific model formats, such as IFC. These demonstrators provided practical validation of the 

automated processes and highlighted the degree of automation achieved, offering critical insights 

into operational implementation. 

Demonstrators designed as proofs of concept illustrated how verification processes can be automated 

across models. These prototypes ensured that specific model checks could be seamlessly integrated 

into automated systems, paving the way for future implementation and scaling. 

These results establish a robust foundation for expanding automated verification techniques and 

support the integration and scaling of automated processes within organizational frameworks. 

10.3 Conclusions 
These methods provide a foundation for further automated verification techniques and highlight 

areas requiring manual oversight, paving the way for future integration and scaling of automated 

processes. 

WP7 demonstrates the transition from theory to practical applications in automated compliance 

checking. It provides insights into how automated verification can be scaled and integrated into 

organizational workflows. This package lays the groundwork for future expansion of verification 

methods across broader system checkpoints. 
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11 WP8 - Evaluation of verification methods 
Building upon the successful proof of concept developed in WP7, WP8 focuses on expanding and 

evaluating verification methods to ensure their effectiveness in practical applications. The project 

initially aimed to assess how automated verification of verifiable requirements could be achieved. 

However, it became evident that this task was too extensive due to the diverse formats of input files 

and the heterogeneous approaches required. Therefore, the scope was refined in coordination with 

the reference group to focus on an illustrative model verification using Information Delivery 

Specifications (IDS) as a demonstrative case study. This approach showcases the added value of the 

demonstrator, with the IFC model of the bridge "Bro över Knistavägen, E4 Förbifart Stockholm" 

provided as a project example. The refinement of initial results includes querying relevant 

requirements, creating an IDS, and visualizing requirements verification in an open viewer, 

transitioning these elements into a comprehensive demonstrator. 

Note: All files of the demonstrator package are given as an appendix to this deliverable (WP8). 

This includes all required files combined in a ZIP-archive, an overview of the included files 

as an excel-sheet, technical documentation and a visual user guide. 

11.1 Motivation 
WP8 is dedicated to transitioning the proof of concept developed in previous work packages into 

practical applications, aiming to establish a clear pathway for implementing automated verification 

methods in real-world settings. This transition is crucial for ensuring that the verification methods 

not only meet stakeholder needs but also integrate seamlessly into existing workflows. The project 

undertook a comprehensive evaluation of these methods, consolidating various components into a 

streamlined bundle designed to facilitate ease of adoption and scalability. 

In the process of developing the demonstrator, consideration was given to the software and systems 

currently used by Trafikverket to ensure compatibility and ease of integration. The focus was 

initially on practicality, utilizing free tools to set up the demonstrator and enabling the verification 

of additional requirements. To support this practical application, detailed documentation was 

produced to allow for replication of the functions. This documentation, along with necessary files, 

is provided as a separate appendix. 

Furthermore, to enhance user-friendliness and facilitate broader applicability, further 

implementation possibilities were explored, which are detailed in WP9. This forward-thinking 

approach aims to enhance the accessibility and utility of the verification methods, ensuring they can 

be seamlessly incorporated into diverse operational contexts. 

11.2 Results 
The demonstrator developed in 

WP8 centers around a semantic 

assistant powered by Azure 

Promptflow. This innovative tool 

supports users in generating 

Information Delivery 

Specifications (IDS) based on 

recognized property sets and 

retrieving technical requirements 

for construction products using a 

robust RDF knowledge base. By 
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orchestrating a series of tasks, the demonstrator leverages Large Language Model (LLM) reasoning, 

custom Python tools, ontology data, and structured outputs to provide smart, standards-compliant 

solutions for complex queries. 

Key features of the demonstrator include integration with buildingSMART's IFC4.3.x Pset 

repository, which ensures access to standardized property definitions essential for effective data 

management within construction projects. Moreover, it accommodates custom Property Sets (Psets) 

from Trafikverket (TRV) via local XML files, allowing tailored specifications to be incorporated 

seamlessly into the workflow. 

Utilizing graph construction through RDF and OWL with the rdflib library, the demonstrator is able 

to model intricate data relationships semantically, ensuring logical representation and accurate 

portrayal of dependencies. Additionally, IDS generation with the ifctester further enhances this 

capability by converting the semantic data into machine-readable specifications that are vital for 

compliance checking and validation processes. 

The introduction of LLM-controlled branching logic and data transformation enables the system to 

dynamically manage and process data inputs and outputs efficiently. This intelligent adaptation 

enhances workflow efficiency and ensures the demonstrator's applicability in diverse operational 

settings. By combining these features, Work Package 8 delivers a comprehensive, practical tool for 

automated compliance, significantly advancing the capabilities of construction information 

management systems. 

 

The demonstrator effectively addresses two application scenarios, reflected in the graphical 

representation of semantic interactions within its flow architecture, organized into two distinct 

branches. This structured approach enhances understanding and usability for varied user needs, 

catering to specific use cases such as BIM coordinators and design team members. 

 

The flow architecture of the application incorporates two primary branches. Branch 1, "Generate 

IDS," focuses on executing tasks such as class checking and the loading of BSDD property sets, 

which are essential for maintaining adherence to industry standards. It further includes the creation 

of RDF Turtle specifications—semantically rich formats that facilitate complex data 

interoperations—and culminates in the creation of comprehensive IDS objects. These objects form 

the backbone of Information Delivery Specifications, ensuring that users can generate accurate and 

standard-compliant documents. 

Branch 2, "Retrieve Requirements," is designed to extract target products and query the RDF 

knowledge base for concise summaries. This branch provides vital functionalities for effectively 



   

 

47 (55) 

 

Blekinge Institute of Technology | SE-371 79 Karlskrona | +46 (0)455 385000 | 

www.bth.se  

 

sourcing and summarizing technical requirements, crucial for precise specification generation. By 

utilizing RDF-based querying, the demonstrator delivers exact specification requirements, 

streamlining the communication of essential information to stakeholders. 

Supporting use cases such as BIM coordinators identifying relevant requirements and design team 

members generating IDS files, the demonstrator offers solutions for practical problems through its 

integration of custom property sets and RDF-based querying capabilities. This combination not only 

enhances efficiency but also ensures the precision required for robust construction information 

management. 

The queries can be entered within an interactive chat function located in the terminal area, allowing 

users flexible use and interaction. Additionally, users have the option to utilize pre-formulated 

questions, streamlining the query process and facilitating efficient data retrieval: 

 

Once queries are executed, the results are displayed within the terminal area. This output can either 

present the relevant requirements (Application Scenario 1), or showcase the generated IDS file 

(Application Scenario 2). Additionally, the IDS file is securely saved in the designated folder, 

ensuring organized and accessible documentation. 
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The demonstrator package includes documentation, images, and installation routines that provide a 

foundation for users familiar with IT processes to apply these verification methods within 

TRVInfra projects. This documentation aims to facilitate the initial setup and exploration of 

demonstrator capabilities. 

The component overview introduces the key functionalities of the demonstrator, such as querying 

BSDD property sets from GitHub and utilizing Large Language Models (LLM) to align user queries 

with pertinent data. It covers the creation of RDF Turtle ontologies, which form the basis for 

transforming data into machine-readable Information Delivery Specification (IDS) objects 

necessary for compliance checks. 

Installation instructions are provided to assist IT-affine staff in setting up the required environment. 

This includes installing Python, Azure CLI, and Promptflow CLI, organizing project folders, and 

establishing a virtual environment for local flow operations. These instructions are intended as a 

guide to initiate the processes, which may require customization based on individual project needs. 

Key components described in the documentation include Python tools for fetching, parsing, and 

merging property sets. Additionally, templates for utilizing LLM in query classification and product 

identification are included, supporting precise interaction. The documentation outlines the processes 

for converting JSON inputs into RDF and IDS outputs, offering a starting point for data 

transformation procedures. 

While the documentation provides necessary guidelines, it primarily serves as a resource for IT-

affine personnel to implement, adapt, and further develop the demonstrator's processes within the 

Trafikverket environment, allowing for customization and enhancement as required. 

 

Open Sortdesk Viewer (https://viewer.sortdesk.com/) 

To validate the IFC model of the demonstrator bridge against the generated IDS files and to visualize 

the results, the Open Sortdesk Viewer was used. 

https://viewer.sortdesk.com/
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The Open Sortdesk Viewer is a free digital tool designed for visualizing and interacting with 

structured data in various formats. It is typically used in construction and infrastructure projects, 

facilitating the display and management of model data by enabling users to view, navigate, and 

assess digital models in a user-friendly interface. The viewer is particularly valuable for its ability 

to compare IFC files against IDS files, making it an essential resource for automated compliance 

checking and verification processes. By supporting interoperability with several data standards, it 

enhances collaboration across different teams and systems, providing a centralized platform for 

accessing complex model information. Key features include support for standard building 

information modeling (BIM) formats, real-time data rendering, and integration capabilities with 

other project management tools. 

Passed elements are visualized green 

 

Failed elements are visualized red 
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11.3 Conclusions 
The evaluation process undertaken within WP8 has demonstrated the potential of automated 

verification methods for broader applications across diverse projects. Access to ontologies and the 

triple store via SPARQL facilitates comprehensive and varied query capabilities, enabling tailored 

solutions for specific needs. Even if the evaluation conducted illustrates the potential of automated 

verification methods, though some challenges remain. Utilizing SPARQL to access ontologies and 

the triple store offers diverse query opportunities, yet the manual effort required is considerable and 

highlights the need for improvements in user-friendliness. The primary focus with Trafikverket was 

on creating a demonstrator for IDS generation and requirement verification for a bridge construction 

project, with identified possibilities for applications in managing construction site assets, daily shift 

reports, and site logistics. 

Furthermore, potential areas such as asphalt requirement verification, although identified as 

valuable, were not pursued due to limitations in data availability. SVAR´s approach centered around 

SPARQL queries, with consideration of further verification options like AI queries in dedicated 

workspaces and manual queries. 
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While successful evaluations point to the applicability of these methods, handling complex 

requirements and achieving broad acceptance remain key challenges. Feedback from these 

evaluations served as a basis for an optimization roadmap, aimed at refining processes, leveraging 

technology more effectively, and aligning policies with industry best practices. This continual 

enhancement approach strives to advance the versatility and ease of use of verification techniques, 

ensuring they meet stakeholder needs more effectively. 
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12 WP9 - Roadmap and recommendations for 

implementation 

12.1 Motivation 
Developing a comprehensive roadmap to integrate the findings of the SVAR research project into 

practical applications and broader organizational strategies is vital for the success of automated 

compliance checking systems across Trafikverket’s projects. Work Package 9 (WP9) serves as a 

strategic guide, aiming to facilitate the seamless integration of these systems into project workflows, 

enabling stakeholders to efficiently verify diverse types of requirements and establish standards for 

widespread adoption. 

WP9 builds on the significant technical progress made in WP7 and WP8, where demonstrators for 

automated verification methods were developed, evaluated, and optimized. While these earlier work 

packages have shown substantial promise in standardizing requirements through Information 

Delivery Specifications (IDS) and utilizing the buildingSMART Data Dictionary to streamline 

verification processes, it is crucial to recognize that many requirements exceed the scope of these 

tools alone. The complexity and variety of requirements encountered in real-world projects 

necessitate alternative solutions and innovative approaches that go beyond technical demonstration 

and evaluation. 

The motivation for WP9 is therefore twofold: 

1. Strategic Integration and Scaling: 

WP9 is driven by the need to move from successful pilots and technical demonstrators to a 

scalable, sustainable system for automated compliance checking. This involves developing 

a roadmap that addresses organizational, technological, and policy changes required for 

embedding automated verification procedures as standard practice. The roadmap must 

provide strategic steps to refine processes, enhance technology usage, and align 

organizational policies with industry best practices. 

2. Addressing Remaining Challenges: 

Despite the advances made in WP7 and WP8, several challenges remain. Many 

requirements are complex, context-dependent, or not yet amenable to full automation. WP9 

acknowledges these limitations and seeks to identify and recommend alternative solutions, 

including the use of advanced technologies such as artificial intelligence (AI) and machine 

learning. For example, the project explores innovative methodologies, such as employing 

a Microsoft Copilot Agent to transform textual requirements into machine-readable 

formats, subsequently enabling the creation of IDS from these requirements. 

WP9 is also motivated by the need to ensure that the transition from manual to automated 

verification is dynamic and scalable. This includes optimizing technological integration with 

strategic organizational growth, and positioning Trafikverket to not only streamline existing 

processes but also lead industry standards in digital transformation and automated verification 

technologies. 

Furthermore, WP9 recognizes the importance of knowledge management and continuous 

improvement. The roadmap must include mechanisms for maintaining and expanding a verification 

library, enabling stakeholders to verify different kinds of requirements and combine examples of 

optimized verification checks. Stakeholder feedback and an optimization roadmap are essential 

requirements for this process, ensuring that the solutions developed are practical, adaptable, and 

aligned with the needs of the organization. 
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In summary, WP9 is motivated by the vision of making a transformative impact on Trafikverket’s 

project execution. By recommending next steps, WP9 aims to address the challenges posed by 

manual verification methods and promote a dynamic, scalable approach to compliance checking. 

Ultimately, these initiatives position Trafikverket to achieve transformative improvements in project 

execution, characterized by reduced manual workloads, increased reliability in compliance tasks, 

and the establishment of automated verification as a benchmark standard within the infrastructure 

industry. 

12.2 Results 
The project successfully identified key steps for implementing automated compliance checking 

systems, resulting in significant advancements across multiple areas of technology, policy, and 

training. The results of SVAR mark a decisive step towards the sustainable and organization-wide 

implementation of automated, reusable verification procedures at Trafikverket. A central 

achievement is the development of user guides for the creation of Information Delivery 

Specifications (IDS), which provides clear procedural instructions for the practical application of 

automated verification methods. This guideline not only streamlines processes and reduces manual 

effort, but also ensures that best practices are consistently applied across projects, thus supporting 

the organizational adoption of new technologies. 

Moving forward, the roadmap for further development and integration encompasses several 

essential components. First, transforming a foundational stock of relevant requirements into 

machine-readable formats will be pivotal. An essential approach is the strategic integration of 

advanced technologies, especially Artificial Intelligence (AI) and Machine Learning (ML). WP9 

recommends leveraging Natural Language Processing (NLP) models to transform textual 

requirements into machine-readable formats, enabling the automated generation of IDS and 

supporting the ongoing automation of compliance checking. It is important to emphasize that the 

results and data structures developed in the SVAR project form a fundamental basis for the training 

and effective use of AI algorithms. The systematic classification of requirements, the creation of 

high-quality training data, and the development of verifiability dimensions are essential 

prerequisites for the reliable and scalable application of AI in this context. Without these 

foundational results, the potential of AI for automated compliance checking could not be fully 

realized. 

Expanding ontologies is another key aspect, enabling the inclusion of additional data and content 

into automated verification processes. Knowledge management and the expansion of ontologies are 

at the heart of the WP9 results. Recommendations foresee the establishment of a central verification 

library, which will serve as a dynamic repository for reusable verification checks, templates, and 

best practices. This library should be designed to be continuously updated based on project 

experience, technological advances, and stakeholder feedback, ensuring that the knowledge base 

remains relevant and effective. The adoption of Linked Data approaches further enables the 

integration of external references and additional data into automated verification processes, 

increasing the system’s comprehensiveness and flexibility. 

To ensure the practical applicability and scalability of the proposed solutions, it is strongly 

recommended that pilot projects will be initiated. These pilots are intended to explore specific use 

cases, define verification criteria, and establish project goals such as improvements in efficiency, 

accuracy, and compliance scope. The active involvement of all stakeholders in these pilots is crucial 

for evaluating their specific needs and expectations, and for ensuring that the developed solutions 

are both practical and adaptable. 

The successful implementation of automated verification methods also requires organizational 

readiness. Once these initial operational implementation steps are completed, scaling the scope to 

include additional verification methods and updating policies and processes will be crucial for 
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supporting the integration of new technologies. Therefore, it is recommended to update policies and 

processes to support the integration of new technologies, as well as for empowering employees 

through targeted training programs.  Empowering employees through training programs will ensure 

they are proficient in using new systems. These measures are essential for fostering an environment 

that is conducive to technological adoption and adaptation. 

Finally, the results of WP9 highlight the importance of continuous improvement. Through 

comprehensive efforts, Trafikverket can achieve transformative improvements in project execution, 

characterized by reduced manual workloads and increased reliability in compliance tasks. This 

approach ensures that verification techniques remain aligned with stakeholder needs and industry 

best practices, and that Trafikverket is able to respond dynamically to new challenges and 

opportunities. 

In summary, SVAR delivers a robust operational and methodological foundation for Trafikverket’s 

future in automated compliance checking. The structured data, classification systems, and 

procedural knowledge developed in the SVAR project are not only essential for current automation 

efforts, but also serve as a fundamental training base for future AI-driven solutions. 

12.3 Conclusions 
Work Package 9 has been instrumental in laying the groundwork for integrating automated 

compliance verification procedures across Trafikverket’s projects. The recommendations 

formulated focus on strategic planning that embraces technological evolutions while ensuring 

organizational adaptability. This approach is crucial for fostering stakeholder engagement, which is 

necessary for the seamless adoption of these advanced verification processes. 

The integration of Artificial Intelligence stands as a cornerstone in this endeavor, leveraging its 

potential to transform querying and verification processes, particularly for IFC models. AI facilitates 

the transition of textual requirements into machine-readable formats, a critical step that amplifies 

compliance efficiency and reduces the manual workload previously faced. By harnessing insights 

from previous work packages, notably the semantic frameworks such as SBVR, we ensure a robust 

foundation for AI training, enabling systematic and automated requirement transformations. 

The demonstrator’s success has showcased the operational benefits of using Information Delivery 

Specifications (IDS) and resources from the buildingSMART Data Dictionary to enhance 

standardization and streamline verification tasks. Yet, it also highlighted substantial manual efforts, 

underscoring the urgent need to integrate cutting-edge technologies to achieve broader scalability. 

This strategic push anticipates a transformative impact on project execution, marked by reliable and 

consistent outcomes across all projects. 

To fully realize the vision of Objective 3—namely, the widespread use of automated, reusable 

verification procedures—Trafikverket is recommended to continue investing in the systematic 

development, validation, and standardization of these procedures. This includes expanding the 

verification library, refining best practices, and establishing robust feedback mechanisms so that 

lessons learned from pilot projects and operational use can inform future improvements. Ongoing 

stakeholder engagement and the continuous adaptation of procedures to new project types and 

regulatory requirements will be essential for maximizing the benefits of automation. 

By focusing on adaptability, innovation, and practical application, Trafikverket is poised to not only 

optimize resource allocation but also align operations with current and emerging digital paradigms. 

The potential for integrating AI-driven solutions ensures scalability and adaptability, establishing 

precedents that define future industry standards in automated compliance checking. This 

technological leverage positions Trafikverket to streamline processes effectively, ultimately 

supporting its goal of enhancing efficiency and optimizing resources. 
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A key insight from WP9 is the fundamental importance of the SVAR project’s results for the future 

of AI-driven solutions in infrastructure compliance. The systematic classification of requirements, 

the creation of high-quality training data, and the development of verifiability dimensions provide 

an unparalleled foundation for training AI algorithms. With this basis, it becomes possible to develop 

truly user-friendly AI assistants that can be made available to a broad user community. Such 

assistants will enable engineers, project managers, and other stakeholders to benefit from intelligent, 

scalable, and reliable compliance checking in their daily work—without the need for deep technical 

expertise in AI or automation. The SVAR project thus positions Trafikverket not only to optimise 

current processes, but also to lead the way in digital transformation and the practical application of 

artificial intelligence in the infrastructure sector. 

In summary, WP9 exemplifies a comprehensive strategy for navigating the challenges of manual 

compliance verification while embracing the opportunities of digitalization and AI. The groundwork 

laid by SVAR will not only benefit current projects, but will also shape the future of digital 

compliance and AI-supported verification processes across the sector. Trafikverket is encouraged to 

continue its commitment to innovation and quality, ensuring that the benefits of automation and AI 

are accessible to all users and that the organization remains at the forefront of digital infrastructure 

management. 
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