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ABSTRACT: This paper advocates for a methodology-first approach to cultural 

heritage digitisation, emphasising structured workflows over technological sophis-

tication. Anchored in the Memory Twin framework, it demonstrates that lower-cost 

tools, when deployed within rigorously planned and documented processes, can still 

produce scientifically valid and culturally meaningful outcomes. Drawing on the 

STECCI Horizon Project and supported by findings from VIGIE2020/654 and 

HERITALISE, the study challenges technology-centric models by promoting par-

ticipatory methods, semantic documentation, and strategic training. It argues that 

digitisation must be guided by purpose, context, and interpretive transparency to 

ensure the epistemic integrity of digital heritage. As digitisation becomes central to 

preservation, education, and cultural resilience, this paper calls for a shift in prac-

tice: placing methodological integrity at the heart of digitisation strategies, regard-

less of institutional scale or resource availability. 

 

1. INTRODUCTION 

Cultural heritage faces mounting threats from 

climate change, armed conflict, urbanisation, 

overpopulation, over-tourism, and digital obso-

lescence. These pressures not only endanger 

physical assets but also disrupt the transmission 

of knowledge, memory, and identity across gen-

erations. In response, digitisation has emerged 

as a strategic tool for safeguarding both tangible 

and intangible heritage. The Memory Twin 

framework (Cassar, Baker, & Ioannides, 2025) 

advocates for ethically grounded, holistic, digi-

tal representations that integrate narrative, com-

munity memory, and technical precision. 

 

The European Union plays a pivotal role in 

shaping digitisation policy. The ViMM Action 

Plan under FP7 laid the groundwork for a coor-

dinated European approach to Digital Cultural 

Heritage (DCH), emphasising accessibility and 

innovation. This was reinforced by the Digital 

Day 2019 Declaration, which launched a pan-

European initiative for 3D digitisation of at-risk 

cultural assets (European Commission, 2020). 

These efforts culminated in the European Com-

mission Recommendation (EU 2021/1970), 

which calls for the 3D digitisation of all endan-

gered monuments and 50% of the most visited 

sites by 2030 (European Commission, 2021). 

 

These initiatives align with the UN Sustainable 

Development Goals, particularly SDG 11.4 

(heritage protection), SDG 9 (innovation), and 

SDG 4 (education). Digitisation supports 

preservation, education, and cultural resilience, 

making it central to contemporary heritage pol-

icy. The Twin it! and Twin it! Part II campaigns, 

facilitated through Europeana, exemplify this 

strategy by encouraging the contribution of 

high-quality 3D assets and enriched metadata. 

Europeana serves as a digital infrastructure of-

fering access to over 59 million cultural items 

and promoting interoperability and reuse across 

sectors (Europeana Foundation, 2025). 

 

The STECCI Horizon Project illustrates the 

practical application of these policies. Focusing 

primarily on medieval limestone tombstones 

(stećci) across Eastern Europe, the project pri-

oritises digital documentation through its WP4 

digitisation work package, led by Heritage 

Malta. This work is informed by the VI-

GIE2020/654 study, which provides a frame-

work for assessing digitisation quality based on 
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object complexity, intended use, and methodo-

logical design (Ioannides et al., 2022). STECCI 

critically evaluates low-cost digitisation tech-

niques, demonstrating that methodological ri-

gor, through structured planning and documen-

tation, can yield high-quality results even with 

modest equipment (STECCI Consortium, 

2025). 

 

This paradigm shift positions digitisation not as 

a technical add-on but as a core strategy for cul-

tural resilience. It enables the activation of her-

itage, supports inclusive memory systems, and 

responds to environmental, political, and epis-

temic pressures. The Memory Twin framework, 

being developed by Heritage Malta and the 

UNESCO Chair for Digital Cultural Heritage, 

contributes to this shift by integrating high-fi-

delity visuals with metadata, paradata, and in-

tangible values. It promotes participatory, 

value-driven preservation, and offers a scalable 

model for safeguarding heritage in the digital 

age. 

2. GROUNDING DIGITISATION IN 

METHODOLOGY TO ENSURE THE 

AUTHENTIC IDENTITY OF DIGITISED 

ASSETS  

Digitisation of cultural heritage is not merely a 

technical exercise - it must be grounded in 

methodological integrity to ensure the authentic 

identity of the assets being represented. Cultural 

heritage is inherently complex, layered, and 

context-dependent. Without a clear methodo-

logical framework, digitisation risks producing 

outputs that are visually accurate and interesting 

but epistemically hollow, lacking interpretive 

depth and cultural fidelity. 

 

The VIGIE2020/654 study (Ioannides et al., 

2022) provides a foundational framework for 

ensuring methodological integrity in 3D digiti-

sation. It argues that quality is not determined 

by equipment sophistication alone but by clarity 

of purpose, asset complexity, and documenta-

tion rigor. Central to this is the concept of par-

adata, which captures interpretive decisions, 

workflows, and contextual reasoning. This 

layer is essential for transparency, reproducibil-

ity, and authenticity. 

 

These principles have been operationalised in 

projects like STECCI, where paradata is embed-

ded into digitisation workflows to support both 

technical and interpretive fidelity. Heritage 

Malta’s national strategy has formally adopted 

the VIGIE framework, reflecting a broader 

recognition that methodology is central, not an-

cillary, to digitisation, especially for complex 

cultural assets requiring nuanced representa-

tion. 

 

Recent scholarship reinforces this methodol-

ogy-first approach. Storeide et al. (2023), in a 

review of 45 digitisation projects, highlight re-

curring issues with standardisation, interopera-

bility, and workflow coherence. Their findings 

underscore the need for robust frameworks to 

ensure cultural and epistemic integrity. 

 

Gautier et al. (2020) demonstrate that SLAM-

based systems, while technically efficient, re-

quire structured workflows to ensure data relia-

bility. Their work shows that low-cost solutions 

can be viable only when embedded within dis-

ciplined methodological contexts. 

 

Pepe et al. (2022) advocate for context-sensitive 

digitisation, where tool selection and workflows 

are driven by the asset’s characteristics and in-

tended use. Their review of UAV-based SfM-

MVS workflows emphasises that platform 

choice, image acquisition strategy, and pro-

cessing pipelines must be tailored to documen-

tation goals. 

 

Ahmad et al. (2025) introduces a dual-robot 

scanning system that automates viewpoint plan-

ning and surface coverage. Although technolog-

ically advanced, their system embeds methodo-

logical logic to reduce reliance on expert opera-

tors—supporting the argument that reproduci-

bility and documentation are more critical than 

hardware sophistication. 

 

The role of paradata is further elaborated by Io-

annides et al. (2025), who warn that without 

transparent documentation, digital heritage 

risks becoming opaque and unreplicable. Their 

volume, 3D Research Challenges in Cultural 

Heritage V, presents comprehensive guidelines 

for integrating paradata, metadata, and data, es-

pecially in immersive and participatory heritage 

experiences. 

 

Bajena (2025) contributes to this discourse with 

OntPreHer3D, an ontological extension of the 

CIDOC CRM. This framework enables seman-

tic documentation of 3D models, including hy-

pothetical reconstructions, by capturing not 

only what was modelled but also why and how. 

It integrates interpretive reasoning and quanti-
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fies uncertainty, ensuring that digital represen-

tations remain transparent and scientifically rig-

orous. 

 

Together, these studies advocate for a method-

ology-first approach to 3D digitisation. Before 

selecting tools or assessing cost-efficiency, 

practitioners must define the purpose of digiti-

sation, the nature of the asset, and the intended 

use of the output. This clarity informs the selec-

tion of technologies, workflows, and documen-

tation strategies, ensuring that digitised assets 

retain their authentic identity, are fit for pur-

pose, and remain accessible for future reuse and 

reinterpretation. 

3. METHODOLOGICAL FRAMEWORK  

Digitisation of cultural heritage is not merely a 

technical task, it is a methodological process re-

quiring clarity, transparency, and contextual 

sensitivity. As demonstrated in the VI-

GIE2020/654 study (European Commission, 

2022) and further developed by Cassar (2026) 

and Ioannides et al. (2024), the quality of a dig-

ital asset depends on the complexity of its ac-

quisition and the integrity of its documentation. 

 

A key aspect of methodological rigor is the 

dual-axis framework introduced by the VIGIE 

study, which evaluates digitisation through the 

lenses of complexity and quality. Complexity 

encompasses environmental conditions, object 

morphology, stakeholder needs, and technolog-

ical constraints. Quality is assessed based on 

how effectively the digitisation meets its in-

tended goals while managing these challenges 

(European Commission, 2022). This approach 

shifts focus from product-centric metrics to pro-

cess-centric indicators such as reproducibility 

and fitness for purpose, enabling tailored strat-

egies for conservation, education, or public en-

gagement. 

 

Central to this framework is the articulation of 

owner requirements; expectations and con-

straints defined by heritage stakeholders. As 

Cassar (2026) notes, the Memory Twin frame-

work begins with participatory dialogue that 

captures technical specifications alongside cul-

tural narratives and ethical priorities. These re-

quirements guide technology selection, 

metadata schema, and certification processes, 

ensuring that digital outputs align with commu-

nity values and avoid producing culturally hol-

low representations. 

Site-specific planning is equally critical. Pre-ac-

quisition surveys, as emphasised in both the VI-

GIE study and the STECCI Horizon Project, as-

sess terrain, access logistics, environmental 

risks, and legal constraints (European Commis-

sion, 2022; Cassar, 2026). These inform opera-

tional plans that anticipate challenges and opti-

mise resources. Structured documentation 

across strategic, tactical, and operational layers 

ensures consistency and supports harmonisation 

of datasets for reuse and comparative analysis. 

 

Digitisation must also be object-centric. As Io-

annides et al. (2024) argue, methodology should 

adapt to the asset’s size, material, surface com-

plexity, and cultural significance. For example, 

a weathered limestone stećak requires different 

techniques than a polished bronze sculpture. 

The Memory Twin framework promotes hybrid 

approaches that combine high-resolution imag-

ing, multispectral analysis, and narrative docu-

mentation to capture both physical and sym-

bolic attributes. 

 

Environmental assessment plays a vital role in 

ensuring data quality. Conditions such as light-

ing, temperature, and vegetation affect acquisi-

tion outcomes. The VIGIE study identifies en-

vironmental metadata as essential for quality as-

surance and conservation monitoring (European 

Commission, 2022). The Memory Twin frame-

work integrates this data with cultural context to 

provide a holistic view of the asset’s condition. 

 

Documentation must span the entire digitisation 

lifecycle. Structured templates for capturing 

paradata, interpretive decisions and workflow 

annotations, support transparency and repro-

ducibility (European Commission, 2022). Par-

adata also underpins certification mechanisms. 

As Cassar (2026) and Ioannides et al. (2024) ar-

gue, it transforms digitisation into a scholarly 

and ethical practice. The Memory Twin frame-

work treats paradata as a dynamic layer that 

evolves with the asset, enabling validation 

through instruments such as the Paradata Qual-

ity Certificate. 

 

Finally, workflow design must prioritise clarity 

and modularity. Documenting software ver-

sions, processing parameters, and decision ra-

tionales ensures replicability. Transparency 

also includes interpretive openness. Co-de-

signed workflows involving curators, conserva-

tors, and community stakeholders ensure that 

digitised assets reflect diverse perspectives. 

Standardised practices, such as CIDOC-CRM 
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for metadata and emerging paradata ontologies, 

support semantic interoperability and long-term 

preservation, facilitating integration into plat-

forms like Europeana and the Common Euro-

pean Data Space for Cultural Heritage. 

4. CASE STUDY: STECCI HORIZON 

EUROPE PROJECT 

To illustrate the practical application of the 

methodology, the following case study exam-

ines how it was applied to the STECCI Horizon 

Europe Project (steccihorizoneu.com). This 

project focuses on the safeguarding, conserva-

tion, preservation and digital documentation of 

medieval limestone funerary monuments 

known as stećci, which are distributed across 

the Western Balkans and similar limestone 

monuments in parts of Central Europe.  These 

monuments are of considerable historical sig-

nificance due to their unique iconography and 

inscriptions, which reflect the spiritual and so-

cio-cultural identities of medieval communities. 

The project also looks at other limestone funer-

ary monuments in central Europe and the Med-

iterranean. Increasingly threatened by environ-

mental degradation, biological growth, and pol-

lution, these heritage assets require urgent inter-

vention. Digitisation offers a sustainable, non-

invasive means of capturing their current condi-

tion, enabling long-term monitoring of surface 

deterioration and facilitating comparative anal-

ysis across time and geography. 

 

The project spans fifteen heritage sites in eight 

countries, each presenting distinct environmen-

tal and logistical challenges. Acquisition strate-

gies were developed through pre-acquisition 

surveys and collaboration with local stakehold-

ers to ensure methodological appropriateness. 

In addition to preservation, STECCI promotes 

accessibility and knowledge dissemination by 

transforming remote and fragile monuments 

into digital assets. These assets support aca-

demic research, educational initiatives, and 

public engagement through interactive plat-

forms, virtual tours, and digital learning envi-

ronments. The project also contributes to meth-

odological innovation by evaluating both pro-

fessional-grade and low-cost documentation 

technologies, thereby promoting scalable digit-

isation approaches suitable for institutions with 

varying capacities. 

 

Due to the inability to conduct preliminary site 

visits, detailed planning was essential. A stand-

ardised Acquisition Survey was implemented to 

gather data on terrain morphology, climate con-

ditions, vegetation density, access limitations, 

and legal constraints. This information enabled 

risk mitigation and informed context-sensitive 

technical decisions. The digitisation methodol-

ogy employed a dual-tier technological frame-

work to balance precision and accessibility. 

Professional documentation included aerial 

photogrammetry using the Autel EVO II Pro 

drone and terrestrial LiDAR via the Leica 

RTC360 for sites where drone operation was re-

stricted. Close-range DSLR photogrammetry 

with controlled lighting was used to capture fine 

iconographic details. In parallel, mobile-based 

tools such as Polycam and RealityScan, along 

with experimental Gaussian Splatting tech-

niques, were deployed to assess the feasibility 

of low-cost, AI-driven workflows. This com-

parative approach allowed for the evaluation of 

accuracy, usability, and portability under real 

field conditions. 

 

The acquisition phase followed a structured 

workflow beginning with on-site reconnais-

sance to verify environmental conditions and 

refine capture parameters. Ground control 

points and survey targets were placed strategi-

cally, particularly around priority monuments. 

Roles were clearly defined to coordinate drone 

and LiDAR operation, photogrammetric cap-

ture, and paradata documentation. The work-

flow typically progressed from aerial photo-

grammetry to individual monument documenta-

tion, followed by ground-based site capture. In 

cases where drone use was not feasible, terres-

trial LiDAR was employed, as at the Križevići 

site in Bosnia and Herzegovina, where dense 

forest cover restricted aerial access. Site-spe-

cific adaptations were employed to address en-

vironmental and logistical constraints. For ex-

ample, steep terrain and reflective surfaces at 

Hundskirche in Austria required repeated expo-

sure adjustments, while high visitor traffic at 

Žugića Bare in Montenegro necessitated early 

morning capture sessions. Legal restrictions 

near diplomatic zones at the National Museum 

of Bosnia and Herzegovina led to the use of 

fully manual drone flights at controlled alti-

tudes. These adaptations ensured comprehen-

sive coverage and data integrity despite variable 

field conditions. 

 

Paradata played a central role in ensuring trans-

parency and reproducibility. Structured records 

were completed for each session, documenting 

personnel, environmental conditions, equip-

ment settings, and any procedural deviations. 



 

165 

Decision rationales, such as workflow modifi-

cations due to heat or equipment malfunction, 

were formally logged, ensuring that future users 

could understand the context and reasoning be-

hind each dataset. 

 

Post-processing transformed raw data into usa-

ble digital assets. LiDAR and photogrammetric 

datasets were integrated using Leica Cyclone, 

RealityCapture, and Metashape through align-

ment, registration, and bundle adjustment. Point 

cloud cleaning removed transient artefacts, and 

mesh generation with selective decimation pro-

duced outputs suitable for archival preservation, 

research, and online dissemination. A struc-

tured quality control protocol verified geomet-

ric accuracy, scale fidelity, and texture continu-

ity. Post-Processing Reports documented soft-

ware parameters, corrective actions, and en-

countered challenges, supporting transparency 

and future reuse. 

 

The acquisition phase concluded with the suc-

cessful creation of a comprehensive digital ar-

chive covering fifteen sites. Despite environ-

mental and logistical constraints, no critical data 

loss occurred. The project has now entered the 

post-processing phase, where raw datasets are 

being converted into archival formats, web-

ready assets, and analytical models. These out-

puts will be integrated into the STECCI digital 

platform, providing a robust foundation for fu-

ture interpretive work, including studies on ma-

terial degradation, typological classification, 

and cultural significance.  

5. CONSIDERATIONS IN LOW-COST 

DIGITISATION 

While STECCI employed both professional and 

low-cost tools, the following section expands 

on broader considerations for low-cost digitisa-

tion across varied heritage contexts  

The concept of low-cost digitisation is relative 

and depends on institutional resources and in-

frastructure. Smartphones are often assumed to 

be inherently low-cost due to their accessibility, 

yet a basic DSLR camera may be more afforda-

ble and offer superior control over exposure, fo-

cus, and image quality (Jasińska et al., 2023). In 

the STECCI case study, smartphones were se-

lected for evaluation under the assumption that 

most users already possess one and would incur 

no additional expense. However, based on ob-

served performance difference, output quality 

varies considerably, as devices such as an iPh-

one Pro 17 (released in 2025) differ greatly 

from older models like the Samsung Galaxy S8 

(released in 2017). Thus, technology choice 

must be contextualised rather than universally 

defined as “low-cost.” 

 

Successful digitisation relies more on a struc-

tured methodology than on equipment type. The 

decision to use low-cost tools must be informed 

by the model’s intended purpose. Critical ques-

tions include whether millimetric accuracy is 

required, whether the model is for conservation 

or visual interpretation, and whether georefer-

encing is necessary. If precision is essential and 

only a smartphone is available, limitations must 

be acknowledged. For purely visual outputs or 

public engagement, well-planned low-cost 

workflows can be effective, provided documen-

tation is thorough and transparent. 

 

Not all acquisition methods are equally compat-

ible with low-cost tools. Architectural docu-

mentation requiring plans or sections demands 

terrestrial LiDAR and georeferencing instru-

ments such as GNSS, which remain beyond 

low-cost scope. While smartphones increas-

ingly feature LiDAR, they are suitable only for 

rapid visual assessment. Aerial photogramme-

try requires UAVs, though drone accessibility is 

improving. Photogrammetry remains the most 

adaptable low-cost method; provided image 

quality is managed. However, free mobile ap-

plications may impose limitations, such as re-

stricted export formats. Therefore, adaptation 

through desktop processing applications may be 

needed.  

 

Gaussian Splatting, which reconstructs 3D data 

from video, is accessible but limited. It pro-

duces splat-based representations without true 

meshes or textures and lacks metric accuracy, 

reducing suitability for scientific use. Nonethe-

less, it offers potential for rapid visualisation. 

Low-cost digitisation is viable when guided by 

clear objectives, rigorous planning, and full 

documentation. Success depends on methodo-

logical integrity rather than equipment expense, 

ensuring outputs remain meaningful, usable, 

and transparent in their limitations. 

6. IMPLICATIONS FOR PRACTICE  

This study underscores a critical shift in cultural 

heritage digitisation, from technology-led ap-

proaches to those grounded in methodological 

rigor. This transition carries significant implica-

tions, especially for institutions with limited re-

sources, constrained technical capacity, and a 

need for inclusive community engagement. The 

STECCI Horizon Project and the Memory Twin 
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framework exemplify how structured, transpar-

ent, and purpose-driven methodologies can sup-

port scalable and sustainable digitisation prac-

tices. 

 

In underfunded heritage contexts, the absence 

of digitisation is often due to lack of access to 

high-end equipment and expertise. However, 

the STECCI project demonstrates that low-cost 

digitisation, when embedded within a robust 

methodological framework, can yield scientifi-

cally valid and culturally meaningful results. 

The VIGIE2020/654 study reinforces this by as-

serting that digitisation quality depends more on 

clarity of purpose and documentation rigor than 

on technological sophistication (Ioannides et 

al., 2022). Even basic tools such as mobile pho-

togrammetry or consumer-grade LiDAR can 

serve as effective preservation measures when 

supported by structured planning and paradata 

documentation. Thus, low-cost digitisation 

should be viewed not as a compromise, but as a 

strategic entry point into broader digitisation 

ecosystems. 

 

Crowdsourced digitisation offers a powerful 

mechanism for expanding access and participa-

tion. By enabling the public to contribute im-

ages, metadata, or contextual narratives, institu-

tions can enhance documentation capacity 

while fostering community ownership. This 

participatory model aligns with the Memory 

Twin framework’s emphasis on integrating in-

tangible values and community memory into 

digital representations (Cassar et al., 2025). 

However, such efforts must be guided by clear 

standards and validation protocols. Without 

methodological oversight, public contributions 

risk introducing inconsistencies. Structured par-

adata templates, as used in STECCI, provide 

scalable solutions for capturing interpretive de-

cisions and ensuring transparency. Training 

modules and open-source tools further em-

power contributors to adhere to best practices, 

enhancing both quality and inclusivity. 

 

Technological advancement should amplify, 

not replace, methodological integrity. Emerging 

tools such as AI-driven reconstruction, SLAM-

based systems, and dual-robot scanning offer 

new capabilities, but their effectiveness de-

pends on embedded logic and documentation. 

As Ahmad et al. (2025) demonstrate, reproduc-

ibility and interpretive fidelity remain contin-

gent on methodological design. Ontological 

frameworks like OntPreHer3D (Bajena, 2025) 

support semantic transparency, enabling users 

to understand not only what was digitised, but 

how and why. 

 

For small institutions and community archives, 

the methodology-first approach offers a replica-

ble model. Structured workflows and low-cost 

tools allow these entities to initiate digitisation 

programmes that are both scientifically robust 

and culturally resonant. Participatory digitisa-

tion fosters cultural resilience and intergenera-

tional knowledge transfer. The STECCI pro-

ject’s collaboration with regional partners illus-

trates how site-specific planning and commu-

nity engagement enhance both logistical feasi-

bility and interpretive depth. Moreover, digital 

documentation transforms remote or fragile as-

sets into accessible resources for education, 

tourism, and diplomacy. 

 

Finally, the HERITALISE study highlights a 

widespread lack of strategic training and aware-

ness of available resources. Many practitioners 

remain unaware of existing guidelines, tem-

plates, and open-source platforms. Addressing 

this gap requires coordinated training pro-

grammes that emphasise methodological liter-

acy, paradata integration, and workflow design. 

Standardised documentation and certification 

mechanisms ensure that digitised assets meet 

quality benchmarks and remain interoperable 

across projects. Digitisation should be under-

stood as a foundational process, initiating long-

term preservation and interpretive engagement. 

Long-term preservation demands robust data 

management, including archival formats, 

metadata integration, and redundancy proto-

cols. Paradata and post-processing documenta-

tion ensure that each asset retains a transparent 

lineage, supporting future verification and rein-

terpretation. 

7. CONCLUSION  

This paper affirms that the accuracy of cultural 

heritage digitisation depends not only primarily 

on technological sophistication but on method-

ological integrity. Across diverse contexts, 

from well-funded institutions to community ar-

chives and underfunded NGOs, The Memory 

Twin framework and the STECCI Horizon Pro-

ject demonstrate that structured, transparent 

workflows can yield scientifically robust and 

culturally meaningful outcomes, even with 

lower-cost tools. Paradata, semantic documen-

tation, and participatory planning ensure that 

digitised assets retain interpretive depth and re-

flect authentic identity. As digitisation becomes 

a cornerstone of preservation, education, and 
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engagement, the vision must evolve methodol-

ogy must precede machinery. Foregrounding 

purpose, context, and documentation, digital 

heritage can serve as a trustworthy vessel for 

memory, identity, and future reuse. 
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ABSTRACT: This paper explores the epistemic transformation of architectural 

restoration in the age of artificial intelligence (AI). Building on Cesare Brandi’s 

theory of restoration, it examines how generative AI redefines the concept of the 

lacuna—the perceptual and ethical space between material loss and historical re-

construction. Traditionally, the lacuna has embodied an interpretative tension, 

where absence reveals the limits of knowledge. With AI-driven reconstruction, this 

boundary shifts from the material to the digital, producing forms of predictive real-

ism that risk concealing uncertainty under hyper-real coherence. Through domain-

specific AI systems trained on validated heritage datasets and supported by 

metadata of doubt, this study proposes a responsible framework for digital restora-

tion. Rather than eliminating incompleteness, AI can expose and formalize uncer-

tainty as a visible design parameter. The lacuna thus becomes an epistemic frontier 

where material evidence, algorithmic inference, and ethical interpretation con-

verge—opening a new possibility of critical imagination. 

 

1. INTRODUCTION. THE CONCEPT 

AND THE POTENTIAL OF THE 

LACUNAE 

The integration of AI into architectural restora-

tion marks a profound shift in how loss, ab-

sence, and reconstruction are conceptualized. 

The discipline has long relied on optical and 

metric documentation—photogrammetry, laser 

scanning, and 3D modeling—to record the ex-

isting state of built heritage [1]. These technol-

ogies have strengthened the indexical bond be-

tween the physical artifact and its digital repre-

sentation. However, the rise of generative AI, 

capable of synthesizing missing parts through 

algorithmic inference, disrupts this paradigm. 

 

From Cesare Brandi’s perspective, restoration 

is the moment in which a work of art reclaims 

its potential oneness without falsifying its his-

torical or aesthetic truth (“the methodological 

moment in which the work of art is recognized, 

in its physical being, and its dual aesthetic and 

historical nature, in view of its transmission to 

the future”) [2]. The lacuna—the perceptual 

void left by material loss—has always been cen-

tral to this process. It represents both an absence 

and an ethical boundary: a zone where the re-

storer negotiates between what is known and 

what can only be imagined. The introduction of 

AI expands the lacuna into the digital realm, 

transforming it into an epistemic frontier where 

uncertainty itself becomes a design material. 

2. THEORETICAL FRAMEWORK: 

BRANDI AND THE ETHICS OF THE 

LACUNA 

The theory of restoration formulated by Cesare 

Brandi remains a cornerstone of conservation 

philosophy. Published in 1963, Teoria del res-

tauro provided the first systematic aesthetic and 

phenomenological framework for understand-

ing the restoration of works of art as acts of cul-

tural interpretation rather than mere technical 

repair. Within this framework, the concept of 

the lacuna—the gap, absence, or discontinu-

ity—emerges as one of the most subtle and re-

vealing aspects of Brandi’s thought. It is pre-

cisely through the notion of the lacuna that the 

dialectic between material integrity and aes-

thetic unity becomes visible. 

While Brandi’s examples often refer to the res-

toration of paintings and frescoes, the lacuna as 

a conceptual category can be fruitfully trans-

posed to architectural heritage, where the frag-

mentation of historical continuity, the erosion 

of material, and the loss of spatial coherence de-

mand a nuanced theoretical response. 

For Brandi, the act of restoration must “re-es-

tablish the potential unity of the work of art, 

provided this does not result in an artistic or his-
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torical falsification”. The lacuna therefore des-

ignates that part of the work where this unity is 

broken, whether by material loss, chromatic al-

teration, or structural disintegration. The lacuna 

is not merely a void to be filled but an area of 

tension where the work’s physical reality and its 

aesthetic perception diverge. 

 

Brandi distinguishes between the material au-

thenticity of the work—its historical document 

value—and its aesthetic authenticity, under-

stood as the perceptual and interpretative coher-

ence of its form. The restorer’s intervention on 

the lacuna must negotiate these two registers, 

ensuring that any reintegration remains clearly 

distinguishable upon close inspection (recog-

nizability) and can be removed without harming 

the original (reversibility). 

 

Thus, the lacuna functions as a conceptual 

boundary: an area of loss that makes visible 

both the fragility of the artwork and the ethical 

responsibility of the restorer. 

 

In architectural restoration, the lacuna takes on 

new meanings. It may appear as a missing ar-

chitectural element, a destroyed volume, or a 

discontinuity in the building’s spatial logic. The 

architect-restorer must confront these absences 

not as deficiencies to be negated but as histori-

cal conditions that testify to the monument’s 

temporal stratification. 

 

The architectural lacuna is therefore both phys-

ical and narrative. It manifests the passage of 

time, the accumulation of historical events, and 

the successive transformations that define the 

building’s identity. Interventions aimed at “fill-

ing” or “completing” such gaps risk falsifying 

the document, while leaving them unmediated 

may render the monument illegible. Following 

Brandi’s principles, the task is to re-establish 

the potential oneness of the architectural 

work—its capacity to be perceived and under-

stood as a coherent whole—without effacing 

the signs of its evolution. 

 

The treatment of lacunae in architecture thus be-

comes an ethical question of visibility. To make 

absence visible is to acknowledge the integrity 

of history; to conceal it entirely is to erase the 

work’s temporal depth. The restorer’s challenge 

lies in transforming the lacuna into a space of 

mediation—neither an imitation of the lost parts 

nor a radical void that isolates the building from 

meaning. 

Architectural restoration projects that con-

sciously express lacunae—for example, 

through minimalist insertions, transparent ma-

terials, or contrasting textures—reflect this eth-

ical stance. They embody what Brandi termed 

the “critical restoration”: an intervention 

grounded in the awareness that every act of res-

toration is also an act of interpretation. 

 

The lacuna represents one of the most enduring 

and productive concepts of Brandi’s restoration 

theory, serving as a bridge between the material 

and the immaterial, the historical and the aes-

thetic. In architectural restoration, it offers a 

framework for approaching loss and incom-

pleteness not as problems to be solved but as in-

trinsic components of heritage value. 

 

Recognizing the lacuna as a space of dialogue 

between past and present enables a restoration 

practice that is both intellectually rigorous and 

ethically grounded. The lacuna, in this sense, is 

not the absence of form but the presence of 

time. 

3. ARTIFICIAL INTELIGENCE, VISUAL 

UNCERTAINTY, AND THE NEW 

EPISTEMOLOGY OF RESTORATION 

In the field of architectural restoration, the rise 

of generative Artificial Intelligence (AI) opens 

new possibilities for reconstructing damaged or 

incomplete heritage. Digital models can now 

fill lacunae with stunning realism, offering sim-

ulations of missing parts that go beyond tradi-

tional documentation. However, this shift from 

indexical recording to predictive generation 

raises critical questions about epistemological 

reliability and the ethics of intervention. 

 

From a Brandian perspective, such digital re-

constructions radically challenge the notion of 

potential oneness. In Brandi’s framework, res-

toration must never falsify the historical docu-

ment, and the reintegration of lacunae should 

remain clearly distinguishable from the original 

fabric. Generative AI, by contrast, blurs the dis-

tinction between documentation and invention: 

its outputs are not derived from the physical ob-

ject itself but from algorithmic inference based 

on datasets, typological analogies, and stylistic 

patterns. The result is a form of synthetic au-

thenticity, where the perceived coherence of the 

reconstruction may conceal the absence of em-

pirical grounding. 
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Epistemologically, this shift implies that 

knowledge of the monument becomes probabil-

istic rather than evidential. The algorithmic 

generation of missing architectural elements 

produces a model that is plausible but not veri-

fiable in historical terms. The authority of the 

image, traditionally rooted in its indexical rela-

tion to the material artifact, gives way to a re-

gime of predictive realism—a visual truth that 

persuades rather than demonstrates. In this 

sense, generative AI may risk transforming the 

lacuna from a space of critical awareness into a 

site of illusion, undermining the dialectic be-

tween absence and presence that Brandi consid-

ered essential to the ethics of restoration. 

Nevertheless, if critically employed, AI can also 

serve as an instrument for interpretative explo-

ration rather than replacement. Digital recon-

struction can be used to visualize hypotheses, 

simulate restoration scenarios, or analyze the 

perceptual impact of alternative interventions 

without materially altering the monument. 

When clearly identified as virtual speculation, 

such models can enrich historical understanding 

and public communication of heritage, expand-

ing the epistemological scope of restoration 

practice while preserving the non-finiteness of 

the lacuna. 

4. THE LACUNA AS EPISTEMIC 

FRONTIER 

The lacuna, in this digital context, becomes an 

epistemic frontier where the limits of 

knowledge are made visible. Generative AI 

shifts the epistemology of restoration from evi-

dential to probabilistic reasoning: reconstruc-

tions are generated not from material traces, but 

from statistical inferences based on stylistic or 

typological datasets. The resulting image is thus 

plausible rather than verifiable—a simulation 

that may obscure its own speculative nature. 

 

This form of predictive realism [3] resonates 

with what Manovich [4] describes as the emer-

gence of an AI aesthetics—a regime of visual 

coherence where algorithmic inference can con-

ceal uncertainty beneath hyper-real con-

sistency. This risks undermining the dialectic 

that Brandi considered essential: the tension be-

tween presence and absence. By producing 

seamless completions, AI may conceal the la-

cuna instead of revealing it, erasing the percep-

tual and ethical distance that ensures the work’s 

authenticity. Yet, if employed critically, AI can 

also become a didactic device that visualizes 

uncertainty and multiplicity, rather than impos-

ing a single authoritative version of the past. 

We argue that to responsibly use AI in restora-

tion, it is necessary to move away from general-

purpose, web-trained models and develop do-

main-specific AI systems based on curated, val-

idated datasets: architectural typologies, histor-

ical drawings, treatises, and restoration ar-

chives. Such systems could improve the trust-

worthiness and cultural coherence of AI-gener-

ated completions, avoiding stylistic mismatches 

or historically ungrounded reconstructions. In 

this sense, AI becomes not a tool of arbitrary in-

vention, but a method for reasoning with prece-

dent. 

 

To ensure transparency, we propose visual an-

notation protocols for AI-generated reconstruc-

tions, making visible the levels of certainty, the 

origin of references, and the scope of algorith-

mic interpretation. These “metadata of doubt” 

aim to preserve a space for critical assessment 

within otherwise hyper-real digital models. 

Drawing on restoration theory—from Cesare 

Brandi to contemporary digital ethics—we sug-

gest that embracing visual uncertainty is not a 

flaw, but a necessary virtue in a discipline 

where doubt, reversibility, and legibility are 

central principles. 

 

The ethical challenge of AI-assisted restoration 

lies in maintaining the visibility of doubt. 

Brandi’s call for recognizability and reversibil-

ity must be translated into digital terms. Just as 

physical interventions should remain distin-

guishable from the original, AI-generated re-

constructions must expose their artificiality—

through metadata, visual cues, or layered inter-

faces that reveal the hierarchy of sources and 

the confidence of algorithmic inference. 

This approach transforms digital reconstruction 

from a process of replacement into a critical ap-

paratus, allowing scholars and the public to nav-

igate between verified evidence, plausible hy-

potheses, and speculative projections. In this 

framework, uncertainty is not an error but a pa-

rameter—an explicit part of the model that pre-

serves the cognitive and ethical transparency of 

the restoration process. 

To operationalize this frontier, a scientific 

framework for AI-assisted restoration could 

evolve along three main axes: data curation, un-

certainty visualization, and epistemic valida-

tion. 

 



 

173 

(a) Data Curation and Domain-Specific AI 

Models 

A first research direction lies in the develop-

ment of domain-specific AI models trained on 

curated, validated heritage datasets. Instead of 

relying on general-purpose image generators, 

such systems would be trained on architectural 

typologies extracted from high-fidelity ar-

chives: for instance, datasets of Romanesque 

vault typologies, Renaissance ornament cata-

logues, or Gothic structural tracings derived 

from digitized treatises (e.g., Serlio, Palladio, 

Vignola). This approach parallels ongoing work 

in digital humanities and cultural heritage com-

puting, where knowledge graphs and semantic 

ontologies [5] [6] are used to encode architec-

tural knowledge in machine-readable form. The 

resulting AI models could then reason with ar-

chitectural precedent rather than merely extrap-

olate from surface-level patterns, ensuring that 

generative inferences remain culturally and his-

torically coherent. 

 

(b) Visualization of Algorithmic Uncertainty 

A second dimension involves the visual com-

munication of epistemic uncertainty—what 

may be termed the “metadata of doubt.” Each 

AI-generated reconstruction could include em-

bedded uncertainty layers that visualize algo-

rithmic confidence through color gradation, 

opacity levels, or dynamic interfaces. For in-

stance, heat maps of confidence could reveal the 

algorithm’s varying degrees of reliability across 

the reconstructed surface, while provenance 

tags could link each generated element to its da-

taset of origin. Such visualization strategies 

could be empirically evaluated through percep-

tual studies measuring how experts and lay au-

diences interpret uncertainty in digital recon-

structions [7]. This would provide measurable 

data on how transparency affects trust, compre-

hension, and perceived authenticity—key ethi-

cal dimensions in digital heritage communica-

tion. 

 

(c) Epistemic Validation and Experimental De-

sign 

The third axis concerns the validation of AI-

generated hypotheses. A scientifically 

grounded methodology could employ “blind re-

construction tests”, where AI-generated com-

pletions of intentionally occluded areas are 

compared against known originals. This allows 

quantitative evaluation of reconstruction accu-

racy (e.g., geometric deviation metrics, struc-

tural coherence indices). Complementary qual-

itative assessment frameworks—drawing from 

restoration ethics—could be developed to 

measure the interpretative plausibility of AI 

completions against expert consensus. These 

experiments would make it possible to calibrate 

models not only for visual fidelity but for epis-

temic reliability, thus preserving Brandi’s dis-

tinction between authenticity as historical truth 

and authenticity as perceptual coherence. 

 

Finally, participatory epistemic interfaces could 

be developed in which AI-generated recon-

structions are presented as navigable hypothe-

ses, enabling scholars, conservators, and the 

public to toggle between alternative versions or 

levels of confidence. This multi-scalar approach 

transforms AI-assisted reconstruction from a fi-

nal product into a process of ongoing interpre-

tation, where uncertainty becomes a structured 

form of knowledge rather than an error to be 

eliminated. 

In this light, the lacuna ceases to signify a mere 

void or absence; it becomes a computational 

field of experimentation—a controlled environ-

ment where the limits of algorithmic inference, 

historical evidence, and human interpretation 

are systematically tested and visualized. 

 

By situating AI within a transparent epistemic 

framework, restoration practice can reclaim its 

critical autonomy: the lacuna becomes both an 

instrument of inquiry and a reminder of the eth-

ical imperative to keep doubt visible. 

5. CONCLUSION 

By reframing AI-assisted restoration as a disci-

pline of doubt, this paper advocates for an inter-

pretative and historically grounded approach to 

digital heritage. The aim is not to eliminate un-

certainty but to formalize it—to transform 

doubt into a visible and accountable element of 

design. Such a perspective preserves the poten-

tial unity of the monument without erasing the 

traces of time or the limits of knowledge. 

 

Generative AI, when critically constrained by 

curated datasets and transparent annotation, can 

act as a cognitive partner rather than a creative 

substitute. The lacuna, redefined for the digital 

age, becomes a site of epistemic negotiation be-

tween material evidence and computational in-

ference. In this dialogue, restoration retains its 

disciplinary autonomy: it remains a science of 

interpretation, a practice of ethical imagination, 
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and a testament to the enduring balance between 

truth and possibility. 

 

The methodological implications of integrating 

generative AI into restoration demand a funda-

mental shift in how digital reconstruction is 

conceived. Restoration must be reframed as a 

process of hypothesis rather than fact. AI-gen-

erated proposals for missing architectural ele-

ments should be regarded as provisional inter-

pretations—subject to calibration, evaluation, 

and revision—rather than definitive comple-

tions. This epistemic stance aligns with 

Brandi’s conception of the lacuna as a space of 

interpretative tension, where knowledge is par-

tial, situated, and revisable. 

 

Digital restoration workflows should therefore 

adopt layered modelling systems that explicitly 

encode uncertainty. Embedding metadata such 

as confidence scores, provenance tags, and ver-

sion histories allows each inferred element to 

remain visibly distinct from verified fabric. 

These annotations transform uncertainty into an 

operational variable, preserving the interpreta-

tive transparency of the model. A human-in-

the-loop approach remains essential: AI may as-

sist in generating hypotheses, but professional 

expertise—architectural, historical, and conser-

vation-based—must guide all curatorial and de-

sign decisions. Human judgment ensures that 

interventions remain recognizable, reversible, 

and ethically accountable. 

 

To guarantee epistemic robustness, restoration 

research should adopt interdisciplinary valida-

tion frameworks. Experimental protocols such 

as blind testing, comparative metric analyses, 

and expert assessment can evaluate the reliabil-

ity and biases of AI-generated reconstructions. 

These methods transform restoration into a re-

flexive science of testing and verification. 

Equally, communication practices must evolve: 

AI-generated visualizations should include ex-

planatory layers that clarify what is original, re-

constructed, or speculative, and indicate the 

confidence levels and data sources underlying 

each element. Such transparency fosters public 

trust and critical literacy in the interpretation of 

digital heritage. 

The ethical dimension of AI-assisted restoration 

extends beyond methodological precision to en-

compass authenticity, transparency, and inclu-

sivity. In accordance with Brandi’s theory, any 

digital reintegration must safeguard the histori-

cal document value of the monument. The la-

cuna must remain perceptible—either visually 

or through metadata—so that temporal stratifi-

cation and the traces of loss continue to testify 

to the building’s history. Erasing absence in 

pursuit of aesthetic completeness risks falsify-

ing the document itself. Equally critical is the 

governance of datasets and algorithms: domain-

specific AI models must rely on curated and 

validated sources, with full documentation of 

dataset provenance, algorithmic parameters, 

and bias audits. Transparency in data govern-

ance is integral to the ethical legitimacy of dig-

ital restoration. 

 

The classical principles of legibility, recogniza-

bility, and reversibility must be reinterpreted for 

the digital domain. Even within virtual models, 

reconstructed elements should remain clearly 

identifiable and removable without compromis-

ing the integrity of original data. These princi-

ples ensure that the digital act of restoration re-

mains faithful to its ethical lineage. Moreover, 

AI systems must promote cultural diversity and 

inclusivity: generative reconstructions should 

not reproduce a single stylistic canon or domi-

nant historiographical narrative. The lacuna sig-

nifies the plurality of possible readings; digital 

reconstructions should therefore embrace mul-

tiplicity and reflect the diversity of cultural 

memory. 

 

Public trust in AI-assisted heritage interpreta-

tion depends on fostering critical literacy. Insti-

tutions should accompany digital exhibitions 

and reconstructions with explanatory content 

about the speculative and interpretative nature 

of AI outputs. By making uncertainty visible, 

restoration reaffirms its role as a discipline of 

critical awareness rather than technological il-

lusion. 

 

The integration of AI into architectural restora-

tion also opens significant opportunities for 

methodological refinement and empirical re-

search. A key priority is the development of 

benchmark datasets specifically designed for 

heritage restoration tasks. Such datasets, incor-

porating ground-truth cases with intentionally 

masked zones, would enable the calibration of 

AI models and facilitate standardized compari-

sons of predictive performance. This would es-

tablish a rigorous foundation for assessing the 

reliability and limitations of AI-generated re-

constructions. 
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Equally important is the need to explore user 

perception studies. Visual cues for uncer-

tainty—such as color coding, opacity gradients, 

or provenance annotations—may strongly in-

fluence how both experts and non-experts inter-

pret reconstructed heritage. Systematic studies 

on perceptual and cognitive responses can in-

form best practices for interface design, ensur-

ing that uncertainty remains perceptible and 

meaningful. AI workflows should also support 

multi-scenario reconstructions: instead of a sin-

gle “restored” version, systems could generate 

multiple plausible alternatives, transforming the 

lacuna from a void into a generative field that 

invites interpretative exploration. 

 

Longitudinal research is needed to understand 

how digital reconstructions evolve over time. 

Data decay, model updates, and new historical 

findings may alter the accuracy and relevance 

of previously generated reconstructions. Herit-

age institutions must therefore develop strate-

gies for versioning, obsolescence management, 

and systematic updates of AI-derived assets to 

maintain authenticity and transparency. Finally, 

policy and standardization frameworks should 

align conservation principles—such as those ar-

ticulated in the Nara Document on Authentic-

ity—with emerging norms in AI ethics, data 

governance, and digital preservation. These 

guidelines will bridge technical innovation and 

disciplinary ethics, ensuring responsible and 

culturally sensitive practices in AI-assisted res-

toration. 

 

In conclusion, generative AI—when con-

strained by curated datasets, transparent 

metadata, and human-centered workflows—can 

serve not as a creative substitute but as a cogni-

tive partner in restoration. The lacuna, redefined 

for the digital age, becomes a site of epistemic 

negotiation between material evidence and 

computational inference. Restoration thus re-

tains its disciplinary autonomy: a science of in-

terpretation, an ethics of imagination, and a bal-

ance between truth and possibility. The ultimate 

goal is not perfect visual completeness but in-

telligible incompleteness—a heritage that pre-

serves its temporal depth, its provisionality, and 

the visible tension between what we know and 

what we infer. In this sense, the lacuna, whether 

material or digital, remains a fundamental di-

mension of architectural heritage—an enduring 

reminder of loss, time, and the limits of 

knowledge. 
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ABSTRACT: This research addresses the limitations of the Text-to-Image (TTI) 

paradigm in the domain of Generative Artificial Intelligence (GenAI) architectural 

representation, which relegates designers to a passive human-on-the-loop (HOTL) 

role. We propose the Architectural Representation Conditioning Stack (ARCS), a 

hybrid, multimodal framework promoting a human-in-the-loop (HITL) workflow. 

ARCS integrates three conditioning layers to inference Diffusion Models (DMs) 

with precision: geometric (L1) via 3D models and ControlNet for spatial coherence; 

semantic (L2) via Large Language Models (LLMs) for prompt engineering; and 

stylistic (L3) via Low-Rank Adaptation (LoRA) fine-tuning to encode a specific 

visual lexicon. Incremental benchmarking demonstrates the framework's success in 

aligning generated outputs with user intent and expectations. The research further 

investigates an iterative feedback loop through contextual editing and explores 

frontiers, such as Image-to-3D/Video, to overcome the limitations of static repre-

sentation, pointing towards a future of interactive spatial simulation. ARCS offers 

a draft methodology to transform GenAI from a black box into a creative partner, 

thereby fostering the algorithmic literacy necessary for contemporary architectural 

practice. 

 

1. BEYOND THE TEXTUAL PARADIGM: 

THE WEAKNESS OF THE PROMPT 

The integration of Generative AI (GenAI) into 

architectural representation is driving a pro-

found transformation. Recent literature has sys-

tematically documented its potential across all 

design phases [1], establishing a new upskilling 

imperative for the Architecture, Engineering, 

and Construction (AEC) industry and raising 

fundamental pedagogical questions [2]. In the 

architectural domain, Diffusion Models (DMs) 

have opened new possibilities for conceptual 

exploration and visualization [3]. However, 

current applications are predominantly confined 

to the Text-to-Image (TTI) paradigm, especially 

during initial creative stages [4]. Research has 

focused on this approach for ideation, praising 

its capacity for serendipitous discovery [5] 

while also noting the risks associated with de-

sign fixation [6]. This line of inquiry has ex-

tended from specific form-finding processes [7] 

to generating master-quality drawings directly 

from text prompts [8]. 

This approach, while democratizing access to 

powerful visual tools, presents an epistemolog-

ical disconnect between design intent and its 

representation. The fundamental research prob-

lem lies in the inadequacy of verbal language as 

the sole means of conveying architectural in-

tent. Natural language, being inherently poly-

semic [9], excels at describing image semantics 

but fails to define the spatial and relational syn-

tax central to architecture rigorously. This limi-

tation undermines scientific representation and 

raises issues of shared authorship [10]. 

Consequently, the designer is relegated to a pas-

sive, human-on-the-loop (HOTL) role, iterating 

through prompt-crafting with little precise con-

trol. This dynamic fuels concerns that an uncrit-

ical reliance on AI may lead to a de-skilling of 

human thought and a loss of personal character 

in design [11]. 

The central thesis of this research is that signif-

icant progress lies not in refining this flawed ap-

proach, but in superseding it. We posit the ne-

cessity of a transition towards hybrid, multi-

modal workflows that shift the designer from a 

passive HOTL role to an active Human-in-the-
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Loop (HITL) one [12]. In this model, human in-

tervention is an integrated, strategic component 

that orchestrates the generative process, foster-

ing a synergy between design thinking and 

GenAI [13] to achieve an augmented intuition 

where intent is encoded directly into the com-

putational process [14]. 

Therefore, this research defines, implements, 

and critically analyzes an operational frame-

work named the Architectural Representation 

Conditioning Stack (ARCS). ARCS enables de-

signers to exert layered control over the output 

by superimposing geometric (from 3D models), 

semantic (from text prompts), and stylistic 

(from fine-tuned visual lexicons) conditioning 

channels. The primary objective is to demon-

strate how this multi-layered conditioning 

aligns the computational power of GenAI with 

human intentionality, transforming the genera-

tive model from a black-box into a precise and 

directable computational partner. 

This investigation is contextualized within the 

wider educational program at the Department of 

Architecture and Design of the Politecnico di 

Torino. This setting is not incidental; it builds 

upon a pedagogical trajectory established in 

teaching parametric modeling at the same insti-

tution [15], positioning the ARCS framework as 

a necessary pedagogical evolution. 

The contemporary educational challenge is not 

merely to teach new software, but to design new 

processes [16]. This requires training profes-

sionals who can balance technology adoption 

and adaptation [17] and possess a sophisticated 

algorithmic literacy—the critical competence to 

deconstruct, assemble, and direct complex sys-

tems, for instance, by using semantic AI models 

to guide ideation [18]. Through the develop-

ment and analysis of the ARCS framework, this 

research aims to provide an applied contribu-

tion, outlining an approach that promotes a con-

scious and critical use of emerging generative 

technologies. 

2. DEFINING THE STACK: THE 

THEORETICAL MODEL OF LAYERED 

CONDITIONING 

The transition from the TTI paradigm to multi-

modal workflows is no longer a theoretical pos-

tulation but an established trajectory, driven by 

the convergence of academic research and en-

terprise-level solutions. Before detailing its 

technical structure, the ARCS framework must 

be situated within the broader context of archi-

tecture’s digital turn. 

Mario Carpo [19] described the first digital turn 

as a shift from the alphabet to the algorithm, en-

abling non-standard seriality. More recently, he 

theorized the second digital turn as design be-

yond intelligence [20], where computational 

power generates solutions so complex they ap-

pear alien to human logic, compelling the de-

signer to accept outputs that are no longer intu-

itively understood. This prospect of an alien in-

telligence echoes critical concerns about the 

loss of personal authorship in design [11]. 

The ARCS framework stands as a direct rebut-

tal to this thesis. It aims not to operate be-

yond intelligence but to establish a model for 

Human-Machine Co-Intelligence. It is a delib-

erate attempt to re-inject human intentionality, 

semantics, and stylistic authorship—via its 

three conditioning layers—into a process that 

would otherwise become alien. 

The state-of-the-art is actively moving beyond 

an exclusive reliance on language by integrating 

geometric and spatial inputs as primary con-

straints for compositional control. Current re-

search is mapping this territory, identifying 

Transformer Models as having the most signif-

icant potential for early-stage design [21] and 

framing this evolution as a shift from generative 

algorithms to architectural intelligence within 

Computer-Aided Architectural Design (CAAD) 

[22]. 

Emblematic of this trend is the recent NVIDIA 

AI Blueprint for 3D-guided generative AI [23]. 

This pre-configured workflow utilizes a 3D 

scene as a control scaffold to generate condi-

tioning maps, fundamentally shifting the 3D 

model’s role from a final artifact to a generative 

input. Industry leaders are developing it, con-

firming that explicit geometric control is the 

recognized solution to the compositional uncer-

tainty inherent in TTI approaches. 

However, while solving spatial control, such 

workflows only partially address stylistic and 

tectonic authorship. Reliance on a pretrained 

model’s intrinsic knowledge or generic prompts 

often yields results that are aesthetically plausi-

ble yet lack authorial nuance. This is the gap 

ARCS is designed to fill. It does not aim to in-

vent multimodal control but to systematize and 

extend it. The ARCS framework, therefore, for-

malizes and stratifies these emerging trends, de-

fining an approach that integrates explicit geo-

metric conditioning with equally explicit com-

plementary controls for the representation style 

and semantics. 
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Figure 1: The ARCS conceptual diagram illustrates 

how the three conditioning layers are linked to 

guide the diffusion model's inference process. 

The proposed stack consists of three hierar-

chical layers that progressively increase the de-

gree of conditioning (Fig. 1): 

Primary geometric conditioning (L1): This 

foundational layer implements the principle 

demonstrated by solutions like the NVIDIA 

Blueprint. It imposes spatial structure and en-

sures architectural coherence via control maps 

extracted from a 3D model. This approach par-

allels research on fusing parametric models for 

architectural design [24]. 

Assisted semantic conditioning (L2): At this 

level, the prompt’s function is redefined and en-

hanced through LLM-assisted engineering. The 

resulting prompt, a product of a hybrid human-

LLM dialogue, defines the scene’s residual con-

tent and atmosphere, establishing a robust se-

mantic base for the final layer. 

Authorial stylistic conditioning (L3): This is the 

core contribution ARCS systematizes, superim-

posing a precise stylistic intent over the geomet-

ric control. This is achieved via Low-Rank Ad-

aptation (LoRA) fine-tuning on a curated visual 

corpus. The method is validated through paral-

lel research, which defines it as a framework for 

learning a curated architectural lexicon [25]. 

Here, the curator’s role becomes a fundamental 

meta-representational act: designing how the 

project is represented. The critical selection of 

references is encoded into a computational arti-

fact that infuses the generative process with a 

specific materiality, atmosphere, and visual lan-

guage. This enables augmenting large-scale lan-

guage-image models with a synthetic architec-

ture that is absent from the original training da-

tasets [26]. This research trajectory is rooted in 

earlier experiments using Generative Adversar-

ial Networks (GANs) [27] for architectural lay-

out generation [28]. 

Adopting such a layered approach thus requires 

advanced algorithmic literacy. The architect’s 

required competency shifts from that of a tool 

user to a process designer, capable of decon-

structing, understanding, and consciously or-

chestrating these complex workflows. This im-

plies a critical understanding beyond functional 

labels, recognizing that internal mechanisms 

like self-attention in transformers operate not as 

human-like focus but as perceptual grouping 

processes based on feature similarity [29]. In 

this sense, ARCS is not merely an operational 

methodology but a framework for exercising 

critical and intentional control over a process 

whose computational nature, though complex, 

can be discretized and directed. 

3. PROCESS ARCHITECTURE: TOOLS 

AND LOGIC OF THE ARCS 

MULTIMODAL WORKFLOW 

The experimental protocol implemented to val-

idate the ARCS framework constitutes the re-

search’s technical core, defining the multimodal 

workflow architecture, tool selection, and oper-

ational logic. The protocol was developed en-

tirely within the ComfyUI environment, chosen 

for its modular and open-source nature. This 

Visual Programming Language (VPL) environ-

ment provides detailed control over every gen-

erative parameter, enabling the construction of 

complex, customized pipelines. 

The methodology is founded on the exclusive 

use of open-weight DMs, specifically FLUX.1-

dev [30] by Black Forest Labs. This choice de-

liberately eschews API-based solutions, as di-

rect access to network weights is a prerequisite 

for reproducible and extensible academic re-

search. Indeed, only open-weight models per-

mit local fine-tuning—the core operation for 

authorial stylistic conditioning, as defined by 

the ARCS framework. 

Within ComfyUI, the input is designed as a 

flexible cluster capable of integrating diverse 

information sources for a potentially real-time 

generation process. Geometric intent from 3D 

modeling software can be fed into the system 

via two modes: asynchronous loading of pre-

rendered views or, more dynamically, using 

Mixlab’s Screen Share node. The latter is par-

ticularly significant for experimentation, as it 

enables a real-time workflow by directly captur-

ing the modeling software’s viewport. While 

constrained by computational power and DM 

inference times—which could be optimized 

with lighter models requiring fewer steps (e.g., 

FLUX.1-schnell)—this approach enables a con-

tinuous production cycle and an interactive dia-

logue between modeling and generation. Nota-

bly, this same node can capture input from an 
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external camera, enabling a significant alterna-

tive workflow that involves physical scale mod-

els and bridges generative digital representation 

with traditional plastic modeling practices. 

The inference process is managed by the X-

Labs sampler, which is selected for its effi-

ciency and compatibility with FLUX.1-dev. 

The final output is a 2D image that synthesizes 

the information from the various input channels, 

processed through the three conditioning layers 

of the ARCS framework (Fig. 2). 

 

Figure 2: The nodal interface of the ARCS 

workflow implemented in ComfyUI. This visual 

programming environment enables the construction 

and control of multimodal generative pipelines. 

3.1 GEOMETRIC CONDITIONING: THE 

3D MODEL AS A SPATIAL MATRIX 

The foundational layer of the ARCS framework 

is geometric conditioning (L1), which anchors 

the stochastic generation of the DM to an ex-

plicit and controlled spatial and compositional 

intent. Its function is to translate the three-di-

mensional architecture into a set of two-dimen-

sional information that acts as the primary con-

straint for inference, guaranteeing the coher-

ence of form, perspective, and inter-element re-

lationships. 

The selected case study is the redevelopment 

project of Plaza Ponce de León in Seville, orig-

inally a 2019 undergraduate thesis by Enrico 

Pupi. This project was strategically selected for 

two reasons. Firstly, its intermediate scale—a 

public space intervention integrating a new 

building—allows for testing the workflow on a 

significant yet manageable level of architectural 

and urban complexity. Secondly, the dense, lay-

ered context of Seville provides a robust testbed 

for evaluating the system’s ability to manage 

the relationship between new interventions and 

pre-existing heritage, a central challenge in con-

temporary architectural practice. 

The process begins by defining key views 

within the modeling software. From each view, 

multiple ControlNet preprocessors can be em-

ployed to generate distinct control maps [31]. 

For this experiment, three types of ControlNet 

preprocessors in ComfyUI were tested: 

Depth Map: This grayscale map encodes the 

distance of each pixel from the camera. It is the 

most powerful control for defining the overall 

volumetrics, scene depth, and spatial arrange-

ment of elements. Even a simple 3D massing 

model is sufficient to generate an effective 

depth map that guides the AI in correctly plac-

ing objects. 

Canny Edge Map: This processor detects sharp 

contours and discontinuities, making it ideal for 

imposing the main compositional lines, defin-

ing building silhouettes, and precisely con-

straining well-defined architectural elements. 

SoftEdge Map: Preprocessors such as HED 

(Holistically-Nested Edge Detection) yield 

softer, more pictorial edge maps resembling 

freehand sketches. These maps are helpful in 

the early exploratory phases, providing a less 

rigid compositional guide that suggests the 

scene’s lines of force without imposing overly 

restrictive geometric detail. 

The selection of these maps within the Com-

fyUI workflow is the primary method for re-

solving the compositional randomness inherent 

in the TTI paradigm, ensuring that every gener-

ated image, regardless of its style or content, ad-

heres to the established spatial and formal in-

tent. 

3.2 SEMANTIC CONDITIONING: 

PROMPT ENGINEERING VIA LLM 

The second layer of ARCS (L2) is assisted se-

mantic conditioning, managed through LLM-

driven text prompt engineering. Within this 

framework, the prompt is not the sole driver of 

generation but acts as a control layer, guiding 

aspects not defined by other conditioning levels. 

Its importance, however, remains, as prompt 

quality significantly influences the final image 

output. 

To systematically explore the descriptive poten-

tial of language, this protocol integrates an as-

sisted prompt-crafting approach. This aligns 

with emerging research aimed at enhancing 

prompt comprehension in DMs through the in-

tegration of LLMs [32]. The objective is not to 

delegate creativity but to leverage an LLM as a 

tool to expand a core idea into a richer, more 

varied prompt that is stylistically consistent 

with the linguistic conventions learned by DMs. 

For automated prompt generation, the Llama 3 

model was employed [33], specifically its 3-bil-

lion-parameter (3B) variant, selected for its op-

timal balance between linguistic capability and 

computational efficiency. The 3B model proved 

sufficient for lexical enrichment, while ensuring 
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entirely local execution and rapid inference 

times that are compatible with the overall work-

flow. 

Practical implementation was managed via the 

Ollama framework, which simplifies local LLM 

deployment. Integration into the ComfyUI pipe-

line was achieved using custom nodes that act 

as a bridge, allowing the ComfyUI interface to 

send basic descriptive inputs to the locally run-

ning Ollama service and receive a standardized, 

enriched prompt in return. 

To automate and standardize this engineering 

process, a system prompt was defined to in-

struct the Llama 3 model to act as a prompt de-

sign expert for DMs. This system prompt en-

forces precise rules: the model must enrich a 

user-provided description by adding details on 

lighting, style, and atmosphere without intro-

ducing unsolicited new elements. Formal con-

straints, such as a maximum length, ensure a 

clean, directly usable output. Furthermore, the 

system prompt instructs the LLM to always in-

clude the specific trigger word for the intended 

LoRA, ensuring the generated text is pre-con-

figured to activate the correct stylistic filter in 

the next layer of the stack. This transforms 

prompt writing into a hybrid dialogue, where in-

itial human intent is augmented and structured 

by an LLM before being integrated with the 

other conditioning layers in the workflow. 

3.3 STYLISTIC CONDITIONING: 

REFERENCES AS A META-

REPRESENTATIVE ACT 

The third and final layer of ARCS (L3) imple-

ments authorial stylistic conditioning. This 

layer aims to overcome the aesthetic genericity 

of DMs by injecting a controlled stylistic intent 

into the process. This is achieved via Parameter-

Efficient Fine-Tuning (PEFT), a set of methods 

designed to adapt large-scale models to specific 

tasks while minimizing computational costs 

[34]. 

Among the available PEFT techniques, includ-

ing Dreambooth [35], Hypernetworks [36], and 

Textual Inversion [37], Low-Rank Adaptation 

(LoRA) was selected due to its superior effi-

ciency [38]. LoRA transforms a reference im-

age set from a moodboard into a tool for trans-

ferring specific aesthetic qualities. 

The process begins with dataset curation, which 

is framed here as a meta-representative act. This 

aligns with emerging CAAD research on teach-

ing designers a curated architectural lexicon 

[25]. The critical selection of images is not a 

random assembly but a declaration of intent—

an operation that distills the visual essence to be 

encoded. 

To validate the framework’s versatility, three 

distinct datasets of 40 images each were cu-

rated, each representing a well-defined stylistic 

domain: 

ARCS-Biomimetic: Focuses on the symbiotic 

relationship between architecture and nature, 

featuring green facades and ambiguous indoor-

outdoor boundaries. 

ARCS-Hightech: Centers on the celebration of 

technology and construction detail, highlighting 

tectonic precision through steel nodes, exposed 

joints, and technological facades. 

ARCS-Brutalist: Explores mass and monumen-

tality, emphasizing the plasticity of exposed re-

inforced concrete, powerful chiaroscuro effects, 

and raw textures from formwork. 

Once assembled, the technical process was ex-

ecuted within the FluxGym infrastructure. The 

first step is image captioning. Instead of a man-

ual process, the multimodal model Florence-2 

[39], integrated into FluxGym, was used to au-

tomatically generate detailed, descriptive cap-

tions. These captions were then supervised and 

refined, with a unique trigger word added to 

each to activate the specific LoRA during the 

inference phase. 

Using the FluxGym interface, each dataset was 

used to fine-tune the base FLUX.1-dev model, 

creating three distinct LoRA files. Training pa-

rameters were standardized for comparability. 

All dataset images were pre-processed to a 

512x512 pixel resolution. Training was config-

ured with 10 repeats per image and a maximum 

of 16 training epochs. This resulted in 6400 

training steps for ARCS-Biomimetic (avg. loss 

0.33, time ~2h 6m) and ARCS-Brutalist (avg. 

loss 0.279, time ~2h), and 6240 steps for 

ARCS-Hightech (avg. loss 0.29, time ~2h 4m). 

Each fine-tuning process utilized 20 GB of 

VRAM. Due to LoRA’s efficiency, training re-

quired relatively modest computational re-

sources and did not alter the original model’s 

weights. The result is three lightweight, porta-

ble authorial filters—computational artifacts 

ready for integration into the ComfyUI work-

flow, completing the ARCS stack. 

4. RESULTS, ANALYSIS, AND ARCS 

FRAMEWORK ASSESSMENT 

The critical analysis of the results from ARCS 

focuses on a systematic and comparative exam-

ination of the generative process itself. The aim 

is to empirically demonstrate how each layer of 

the framework progressively aligns the output 
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with the design intent, evaluating the degree of 

control and adherence that each additional stage 

provides. 

To this end, an incremental benchmarking ap-

proach was adopted: a series of controlled gen-

erative tests where conditioning layers are acti-

vated sequentially, allowing the specific impact 

of each stack component to be isolated and eval-

uated. All computational operations, from DM 

inference to LoRA fine-tuning and LLM execu-

tion, were performed on a workstation equipped 

with an Intel(R) Core(TM) i9-14900K proces-

sor, 128 GB of RAM, and an NVIDIA GeForce 

RTX 4090 GPU with 24 GB of GDDR6 

VRAM. 

The following analysis is structured in three ex-

perimental phases: 

Phase 1 tests the efficacy of geometric condi-

tioning alone, establishing a baseline to demon-

strate how L1 ensures spatial coherence while 

retaining the base model’s generic style. 

Phase 2 investigates LLM-assisted semantic 

conditioning, evaluating how the integration of 

L2 influences the richness and atmosphere of 

the image. 

Phase 3 presents the complete ARCS results, in-

tegrating authorial stylistic conditioning via 

LoRA. This final stage critically analyzes the 

synergy between L1, L2, L3, and discusses the 

balance of their relative weights. 

4.1 THE EFFECTIVENESS OF SPATIAL 

CONTROL VIA CONTROLNET 

The first benchmarking phase isolates the effi-

cacy of L1 to establish an operational baseline. 

In this stage, the workflow exclusively uses 

Depth Maps as the primary ControlNet input, 

paired with simple, user-formulated text 

prompts that indicate a basic stylistic intent. 

Depth Maps were selected to maximize spatial 

and volumetric fidelity, as preliminary tests 

demonstrated their superior capacity to convey 

the scene’s three-dimensional layout to the DM. 

The results from this phase are summarized in a 

visual matrix (Fig. 3). The grid is organized for 

a direct comparison of inputs and outputs. The 

top row displays the four source views extracted 

from the 3D model, rendered as clay models to 

emphasize their pure geometric form. The sub-

sequent rows display the conditioned genera-

tion results for each view, utilizing a distinct 

stylistic intent via its corresponding text 

prompt. 

 

Figure 3: The top row displays the source 3D 

views. Subsequent rows display outputs generated 

using only ControlNet conditioning (L1), exhibiting 

high spatial coherence but yielding generic stylistic 

results based on simple text prompts. 

Analysis of the results reveals a twofold out-

come. On the one hand, the success of geomet-

ric conditioning is unequivocal. As a vertical 

comparison across the columns demonstrates, 

the spatial and compositional structure of each 

view is imposed with high fidelity across all sty-

listic variations. The building’s volumetrics, its 

urban context, and furnishing layouts are accu-

rately reproduced. This confirms that L1 

achieves its primary objective: ensuring stable 

geometric control and producing an architecture 

that is spatially coherent with the design intent 

defined in the 3D model. On the other hand, the 

results are only partially stylistically convinc-

ing. A horizontal analysis of the rows reveals 

the DM’s limitations when guided solely by 

simple prompts. In the biomimetic variations, 

the model correctly applies textures and vegeta-

tion but fails to capture the style’s deep material 

sensibility. Similarly, for the high-tech style, it 

translates the input into metallic and glazed sur-

faces. However, it fails to render the tectonic 

details that are its essence, resulting in largely 

generic architecture. The brutalist style yields a 

more plausible result; nevertheless, it often 

lacks the intended monumentality, mass, and 

dramatic chiaroscuro, at times appearing more 

unfinished than intentional. 

In conclusion, L1 proves to be a necessary and 

sufficient condition for guaranteeing spatial co-

herence. However, it also demonstrates that text 

prompts alone are an insufficient tool for 

achieving in-depth stylistic control. This find-

ing empirically confirms literature observations 

that GenAI outputs often require significant 

manual interpretation and post-processing [2]. 
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4.2 THE ADDITION OF SEMANTIC 

CONDITIONING VIA LLM 

The second benchmarking phase introduces the 

second ARCS layer, assisted semantic condi-

tioning (L2), while maintaining the constant L1 

geometric control. This test aims to evaluate the 

degree to which text prompt enrichment, driven 

by the Llama 3 model, can overcome the aes-

thetic genericity observed in the baseline. The 

sole variable introduced is the formulation of 

the prompt, shifting from a simple, direct hu-

man input to one engineered by the LLM. 

 

Figure 4: Results from integrating LLM-engineered 

prompts (L1+L2). Compared to the baseline, the 

outputs exhibit greater semantic richness and more 

sophisticated material and lighting qualities. 

A comparative analysis (Fig. 4) reveals a signif-

icant qualitative improvement over the baseline. 

While maintaining formal fidelity, the gener-

ated images exhibit superior chromatic richness 

and a more sophisticated material rendering. 

The engineered prompt, being more specific in 

describing light conditions, atmospheric effects, 

and surface qualities, acts as a semantic ampli-

fier, guiding the DM toward more complex and 

targeted interpretations of the requested style. 

This second phase demonstrates that L2 is an 

effective tool for enhancing the quality of the 

output and stylistic coherence, serving as a re-

fined layer of semantic control. However, it is 

essential to note that this is still an interpreta-

tion—albeit a more sophisticated one—of the 

base model’s intrinsic stylistic knowledge. The 

result is an improved version, but not one nec-

essarily aligned with a specific reference lexi-

con. 

4.3 COMPLETE CONDITIONING VIA 

LORA 

The third and final experimental phase repre-

sents the full implementation of the ARCS 

framework, integrating L1, L2, and L3. Build-

ing upon the preceding layers, this test intro-

duces authorial stylistic conditioning (L3) by 

activating specific LoRA models. The objective 

is to evaluate the capacity of ARCS to produce 

images that faithfully adhere to a predefined and 

designer-curated visual lexicon. 

 

Figure 5: Results from the complete ARCS workflow 

(L1+L2+L3), integrating stylistic conditioning via 

LoRA. The outputs show high adherence to the 

specific visual lexicon of each curated dataset. 

The analysis of the results (Fig. 5) demonstrates 

the success of the ARCS framework. Images 

produced in this phase achieve a level of detail 

and stylistic adherence markedly superior to 

that of the previous stages. The synergy among 

the three conditioning layers yields an output 

where geometric coherence is preserved, se-

mantic richness is maintained, and stylistic ad-

herence is specific and intentional. Comparing 

these results with previous ones, where the DM 

merely interpreted a style, it now applies a pre-

cise visual pattern learned from the reference 

corpus. 

This result directly addresses critical concerns 

from the literature regarding the loss of personal 

character [11] and the issue of shared authorship 

[10]. The complete ARCS workflow proves to 

be a practical methodology for preserving and 

embedding authorial intent. The results embody 

the synthetic architectures for which theoretical 

research argues—the creation of stylistic and 

formal syntheses that do not exist in the original 

training datasets [26]. 

However, this operational success introduces a 

further dimension of control: the balancing of 

weights. Generation is not a static but a dynamic 

act of orchestration. The architecture of DMs is 

designed for such control, primarily through 

mechanisms like Classifier-Free Guidance scale 

(CFG), which allows manipulating the model’s 

adherence to provided conditioning [40]. 

Within ComfyUI, the designer can leverage this 

principle to adjust the influence of each compo-

nent. For instance, the ControlNet weight can be 

increased for higher geometric fidelity—at the 

risk of overpowering the LoRA’s influence—or 

slightly decreased to allow the DM to propose 

style-coherent micro-variations. Similarly, the 

LoRA weight can be modulated for stricter or 
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looser stylistic adherence, even enabling the ex-

ploration of stylistic hybrids. 

5. BEYOND THE STATIC IMAGE: 

REVIEWING OUTPUT AND THE 

FRONTIERS OF REPRESENTATION 

While the ARCS framework demonstrates the 

potential for multimodal control over the gener-

ative process, the workflow described thus far 

culminates in an intrinsically static artifact: the 

2D image. Architectural practice, by contrast, is 

not a linear process ending in a single represen-

tation, but an iterative cycle of proposal, analy-

sis, and revision. Therefore, the generated im-

age, however faithful to the initial intent, is not 

an end-product but a visual hypothesis that must 

be subjected to critique, discussion, and refine-

ment. 

We therefore propose two complementary re-

search directions (Fig. 6). The first aims to in-

vestigate technologies that enable direct inter-

action with and refinement of the generated out-

put, eliminating the need to restart the entire 

process. 

 

Figure 6: This diagram illustrates the research 

trajectories beyond the static 2D image, including 

an iterative refinement loop (context-aware editing) 

and explorations into dynamic and three-

dimensional outputs. 

The second direction explores emerging tech-

nologies designed to overcome the fundamental 

limitations of 2D representation. The produc-

tion of conditioned yet static images constitutes 

a cognitive and operational bottleneck for a dis-

cipline that is inherently spatial and temporal in 

its nature. Consequently, advanced research is 

shifting its focus from static outputs to experi-

ential simulations and the generation of three-

dimensional content. 

5.1 ITERATIVE REFINEMENT: 

CONTEXT AWARE EDITING 

The high-quality image produced by the ARCS 

framework is not the endpoint of the design pro-

cess, but rather the starting point for a critical 

phase of revision and refinement. Effectively 

closing this feedback loop requires tools that en-

able a dialogic interaction with the output, al-

lowing for targeted modifications without re-

generating the entire scene from scratch. This 

section explores this possibility through the use 

of FLUX.1-kontext [41], a next-generation con-

textual editing DM. Unlike simpler techniques 

such as inpainting, FLUX.1-kontext exhibits an 

advanced contextual understanding of the entire 

image, enabling complex and coherent modifi-

cations via text-based instructions. The selec-

tion of FLUX.1-kontext is, once again, driven 

by the open-weight principle. Although propri-

etary alternatives like Gemini 2.5 Flash Image 

(Nano Banana) exist, access to the model’s 

weights is essential in a research context, as it 

enables future fine-tuning of the editing model 

itself for specialization in the architectural rep-

resentation domain. 

Inference was handled locally via a dedicated 

ComfyUI workflow (Fig. 7), using the 12 final 

ARCS-generated images as input. Interaction 

with the model was conducted through text 

prompts describing the desired modification. 

Tested interventions spanned various scales of 

complexity, including altering lighting condi-

tions, modifying the materiality of specific ele-

ments, and reconfiguring the interior space by 

adding or removing components. 

 

Figure 7: The ComfyUI pipeline for iterative 

refinement using FLUX.1-kontext, which takes an 

ARCS-generated image as input and allows for 

targeted modifications through text-based 

instructions. 

Analysis of the results (Fig. 8) demonstrates the 

high capability of FLUX.1-kontext to interpret 

instructions correctly and apply them coher-

ently, preserving the overall style and visual 

quality previously established by the ARCS 

framework. The modifications integrate seam-

lessly into the image, confirming the efficacy of 

this approach for an efficient iterative refine-

ment phase. 
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Figure 8: Results of contextual editing. This matrix 

displays examples of targeted modifications, 

demonstrating the model's ability to refine elements 

while preserving overall stylistic coherence. 

However, the technology’s current limitations 

must be acknowledged. While excellent for in-

scene edits, spatial coherence may degrade in 

response to requests for radical viewpoint shifts. 

Consequently, future research should explore 

the integration of complementary models, such 

as SeeDream 4.0 [42], which excel specifically 

in maintaining spatial consistency across multi-

ple viewpoints, thereby prefiguring more ad-

vanced refinement workflows. 

5.2 TOWARDS DYNAMIC 

REPRESENTATION: IMAGE-TO-VIDEO 

AND IMAGE-TO-3D EXPLORATIONS 

While the iterative loop based on 2D image ed-

iting has proven effective for compositional re-

finement, it remains confined by the intrinsic 

limitations of static representation. Architecture 

is inherently an experience that unfolds in space 

and time, and project evaluation cannot be de-

tached from these dimensions. The final phase 

of this research thus extends beyond the static 

image, exploring two emerging technological 

frontiers that aim to reintroduce temporality and 

three-dimensionality into the generative pro-

cess. 

The first frontier is Image-to-Video generation. 

These tools animate a static image by simulat-

ing limited camera motion or dynamic environ-

mental effects, enabling a pre-visualization of 

the promenade architecturale to convey a sense 

of spatial experience. The experiment involves 

testing various models to map the state-of-the-

art, including LTX-Video [43], Hunyuan Im-

age-to-Video [44], and Tongyi Wanxiang 2.2. 

While proprietary alternatives, such as VEO3 

[45] or SORA 2 [46], demonstrate remarkable 

capabilities, preliminary tests show that even 

more accessible solutions can provide short 

clips useful for evaluating spatial dynamics. 

The second, and arguably most promising, fron-

tier is Image-to-3D reconstruction [47, 48]. 

These models reverse the rendering process by 

inferring three-dimensional geometry from a 

single 2D image. This capability is critical for 

closing the design loop: an image generated and 

refined via ARCS can be converted back into a 

preliminary 3D model for re-import into model-

ing software, creating a bidirectional bridge be-

tween 2D generation and 3D modeling. The ex-

periment involves testing state-of-the-art solu-

tions, such as Hunyuan3D-2 [49], TripoSR 

[50], PartPacker [51], and Stable Point Aware 

3D [52]. Their ability to reconstruct an approx-

imate point cloud or polygon mesh from the 

ARCS workflow output prefigures a future 

where 2D stylistic and material exploration can 

directly and rapidly inform the subsequent dig-

ital modeling phase. While this mapping in-

cludes closed-source solutions, the long-term 

research trajectory must pivot towards the adop-

tion and development of open-source or at least 

open-weight tools. Only an open approach en-

sures the transparency, reproducibility, and, 

most importantly, the ability to specialize and 

refine these models for the specific needs of the 

architectural domain, guaranteeing they remain 

user-controllable and manipulable tools. 

6. THE PARADIGM SHIFT: 

CONCLUSIONS AND FUTURE 

OUTLOOK 

This research has systematized generative con-

ditioning in GenAI-assisted architectural repre-

sentation. Incremental benchmarking demon-

strates that the ARCS framework, proposed 

here as a draft operational model, is a practical 

methodology for overcoming the limitations of 

the TTI paradigm. 

A critical analysis of the results reveals a funda-

mental paradigm shift: architectural representa-

tion is transformed into a design process that is 

hybrid, iterative, and multimodal. The ARCS 

framework, in particular, offers a direct tech-

nical and methodological response to urgent cri-

tiques in recent literature. This technical 

demonstration shows that the process designer 

can avoid depriving individuals of their 

thoughts and personal character [11]. The adop-

tion of such multimodal frameworks appears to 

be a primary pathway toward a sustainable bal-

ance between technology adoption and adapta-

tion [17] for both the profession and academia. 

The implications for the discipline of represen-

tation are profound. Future architects must be 

trained as professionals possessing a critical al-

gorithmic literacy, capable of deconstructing, 
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assembling, and directing these complex sys-

tems. The ARCS framework actualizes the syn-

ergies between design thinking and AI [13]. It 

provides an operational protocol for building 

augmented intuition [14], which must be the 

goal of our interaction with such systems. 

It must be emphasized that ARCS is a work-in-

progress framework, a model that is undergoing 

consolidation, whose evolution is intrinsically 

linked to the accelerated development of tech-

nology. Looking beyond the current horizon, 

the most compelling trajectory lies not in refin-

ing the generation of images, videos, or 3D 

models, but in the emergence of World Models 

[53]. State-of-the-art technologies, such as 

DeepMind’s Genie3 or Word Labs’ Marble, 

prefigure a future where AI simulates interac-

tive experiences rather than merely representing 

space. The revolutionary characteristic of these 

models is their ability to generate experiential 

and freely navigable 3D environments without 

underlying 3D geometry, with each frame gen-

erated in real-time. Although open-source alter-

natives like Matrix-Game by SkyworkAI or 

Hunyuan-GameCraft by Tencent are still in 

their infancy, their potential for architecture is 

notable. The focus will no longer be on gener-

ating static artifacts, but on dynamic, interactive 

environments for testing the perception, move-

ment, and experience of a space at a preliminary 

conceptual stage. This frontier shifts the focus 

from the representation of form to the simula-

tion of experience, holding the potential to be-

come one of the most effective tools in architec-

ture in the GenAI era. 
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ABSTRACT: Recent advances in generative AI have introduced powerful tools 

for creating architectural imagery, yet most workflows remain opaque, uniquely 

prompt-driven, and stylistically biased. This paper uses an open workflow for guid-

ing text-to-image generation using Blender and ControlNet-based conditioning, in-

tegrating parametric modelling with textual input through depth maps. The result is 

a controlled, reproducible, and locally executed rendering pipeline that can com-

bines design logic with speculative visual output in an autonomous, non-proprietary 

environment that could be used in early design phases for the exploration visual 

possibilities.  

Beyond illustrating this workflow, this research proposes a reflection on the current 

limitation of generative AI in architectural field. It compares a gallery of outputs 

generated referencing distinct artistic styles, like the ones of Piranesi or Bosch, and 

more general stylistic categories to preliminary assess recurrent compositional bi-

ases, visual stereotypes and limited stylistic fidelity that could constrain architec-

tural imagination and may homogenise visual culture, urging designers to engage 

critically with its aesthetic boundaries. 

 

1. INTRODUCTION 

Over the past few years, generative artificial in-

telligence has profoundly transformed the way 

visual content is conceived, produced, and dis-

seminated. Diffusion and transformer-based 

image models now allow users to produce com-

plex imagery from natural-language prompts 

alone, reshaping creative workflows across arts, 

design, and architecture. With the announce-

ment of Sora 2, OpenAI also released a self-

contained social platform complete with feed 

exclusively dedicated to AI content creation and 

fruition. Yet, despite their accessibility, these 

systems remain opaque in both their training 

and operation, offering 

limited transparency about how specific styles, 

compositions, or iconographies are learned and 

reproduced. This issue has already been high-

lighted in social and media studies, both regard-

ing text-to-image models and LLMs [1, 2]. In 

the same way, in visual representation, they risk 

of narrowing rather than expanding the range of 

visual expression available to their users. 

The aim of this paper is to start an investigation 

on how AI models may present and, therefore, 

reproduce stylistic biases impairing their ren-

dering capabilities, and consequently influence 

the aesthetic palette available for architectural 

visualisation and speculative design. The re-

search question arises during the development 

of a hybrid 3D/text-to-image workflow aimed at 

generating prompt guided architectural render-

ing. Here we describe the workflow and pro-

pose some rendering examples to problematize 

how such stylistic biases could gradually shape 

our shared visual culture by privileging certain 

canons, atmospheres, or compositional logics 

over others. 

 

To highlight this issue, two artists with very dis-

tinctive styles were selected: Giovanni Battista 

Piranesi and Hieronymus Bosch, that could be 

exemplified by their famous Carceri d’Inven-

zione [3] and The Garden of Earthly Delights 

[4] respectively. Both are highly recognisable, 

historically unique, and likely underrepresented 

in training datasets, making them ideal refer-

ences for prompt generation with the goal of 

evaluating the capacity of generative systems to 
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emulate stylistic intent without prior overexpo-

sure. Subsequently, more prompts were used to 

generate images with definite but less specific 

styles. 

 

A comparative test was conducted using a set of 

several open-source diffusion and transformer 

models executed locally through ComfyUI, 

(e.g. Stable Diffusion Family, Flux, Hunyuan) 

and a proprietary one (DALL·E 3). Each model 

was prompted using identical textual inputs, 

both in prompt-only configurations and in ge-

ometry-conditioned mode, where depth maps 

generated from parametric 3D geometries in 

Blender were employed through ControlNet 

conditioning. This dual setup allows qualitative 

assessment of the compositional capabilities of 

the different models and how 3D derived depth 

conditioning could be used in early design 

phases analysing spatial composition and stylis-

tic adherence 

 

This research, therefore, positions itself as both 

a technical and critical reflection: it outlines an 

open, reproducible workflow for geometry-

guided image generation, while questioning the 

possible cultural consequences of its use for de-

sign purposes due to lacks in stylistic represen-

tation. 

2. MAIN ASPECTS 

The proposed mixed workflow aims to directly 

bridge Blender parametric modelling, or, in 

principles, any 3D software capable to render 

required the required images, with ComfyUI. 

This integration leverage ComfyUI’s flexible 

node-based interface to orchestrate the genera-

tion process, enabling users to structure com-

plex AI pipelines and access ControlNet-based 

conditioning [5] for most diffusion models. It 

runs locally on the user’s machine and hosts a 

lightweight web server, enabling seamless com-

munication with Blender. 

 

The architectural geometry used as condition-

ing input was modelled parametrically in 

Blender Geometry Nodes. It represents an im-

aginary complex structure loosely inspired by 

Piranesi’s Carceri, defined only in broad com-

positional terms. The depth map (Figure 1.a) of 

the scene was rendered from the camera view 

using Cycles engine, then the compositor Z-dis-

tance output was normalised and saved as a 

PNG. Other possible conditioning inputs, such 

as normal maps (Figure 1.b), Canny edge maps 

and semantic segmentation maps were tested 

but gave unstable or less coherent results com-

pared to the depth maps; therefore, only the lat-

ter were eventually used.  

 
Figure 1: Example of Depth and Normal maps rep-

resenting a preliminary volumetric model. 

The models listed in Table 1 were chosen to rep-

resent both the historical evolution of diffusion 

models (stable diffusion family) and the current 

state of the art. The main Stable Diffusion mod-

els were included from version 1.5, released in 

August 2022 to 3.5, released in October 2024, 

while Flux.1 Dev and Hunyuan 1.2 DiT were 

added as examples of most recent open-source 

systems. These models were used locally 

through the latest version of ComfyUI. Addi-

tionally, to represent the most accessible 

prompt-only systems available to the average 

user, the same prompts were provided to 

DALL·E 3 accessed through ChatGPT browser 

interface. Microsoft Copilot and Grok were also 

tested but running a derivative of DALL·E 3 

and Stable Diffusion 2.1 their results were con-

sidered redundant and omitted here. In the latter 

three cases, ControlNet was no available; there-

fore, only the pure text-to-image configuration 

was used for testing. 

Model 
Archi-

tecture 
Size 

Training 
dataset 

Release 
date 

Owner li-
cence 

SD 1.5 LDM 1B 
LAION-

2B 
Aug ‘22 

Stability AI 
open source 

SD XL LDM 2B Nd Jul ‘23 
Stability AI 

open source 

SD 3.5 LDM nd 
LAION + 
licensed 

Oct ‘24 
Stability AI 

open source* 

Hunyuan 
1.2 DiT 

DiT nd Nd Jul ‘24 
Tencent 

open source 

Flux.1 
Dev 

DiT 12B 
LAION + 
licensed 

Aug ‘24 
Black Forest 
open source° 

DALL·E 3 
ChatGPT 

Trans-
former 

nd Nd Oct ‘23 
OpenAI 

closed source 

Table 1: Summary of models tested. * community 

licence; ° Dev version only; nd = no data disclosed. 

The offline image generation were carried out 

on a workstation equipped with an NVIDIA 

RTX 4080 using CUDA acceleration. Each im-

age was produced with 25 sampling steps and a 

random seed. ControlNet-Depth was used with 

a strength of 0.66, without any post-processing 

or compositing applied afterwards. Reducing 

the strength of the depth conditioning was 

needed to allow the model to apply variations to 
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the input flat surfaces. All input maps and re-

sulting images were square and kept at 1024 × 

1024 pixels for standardization and consistency, 

except for Stable Diffusion 1.5, which was lim-

ited to 512 × 512 pixels due to its native archi-

tecture.  

 

Each model was prompted with the same textual 

prompt for the two main stylistic targets (i.e. Pi-

ranesi and Bosch). Three additional prompts 

were added to generate “renaissance” and mod-

ern architecture, and cyberpunk scenery for a 

comparison baseline. For each case, 32 images 

were generated both using the text prompt and 

depth map, and with textual prompt only as a 

reference. When reported in the paper, out of 

the 32 images generated only the one consid-

ered most representative of the group for style, 

architectural and rendering quality was arbi-

trary selected and reported. This choice was 

made through direct visual judgement rather 

than quantitative scoring, in line with the quali-

tative and exploratory nature of the research. 

2.1 ARTIST-SPECIFIC PROMPTING 

The pictures in Figures 2 and 3 were generated 

with the following prompt, explicitly reporting 

the desired style by the author’s name: “A vast, 

imaginary prison interior rendered in the style 

of Piranesi’s Carceri d’Invenzione. Etched tex-

tures, dramatic chiaroscuro, and intricate 

hatching define staircases, arches, and sus-

pended bridges fading into shadow. The archi-

tecture expands infinitely in every direction, a 

visionary depiction of confinement, scale, and 

sublime architectural imagination”. The first 

set of images is reported in Figure 2 and shows 

a certain adherence to the desired style of Pira-

nesi’s Carceri, however, excluding DALL·E 

which provide a coherence both in terms of 

composition and rendering style, the other mod-

els show a significant bias towards realistic ren-

dering, especially in lights and shadows. A sig-

nificant bias for central perspective, not repre-

sentative of Piranesi’s works, was observed in 

the composition across all models: 25, 21 and 

29 central perspective compositions out of the 

32 images generated for each model were ob-

served in Stable Diffusion 1.5, XL and 3.5 re-

spectively, and 25 and 18 over 32 for Flux and 

Hunyuan. Out of the remaining, two-point per-

spective is the most represented, but three-point 

perspectives were present as well. This signifi-

cant deviation from Piranesi’s style [6] could be 

motivated by a lack of references in the training 

sets. 

 
Figure 2: Images generated with “Piranesi” 

prompt and different models. 

The images in Figure 3 were generated using 

depth conditioning. The use of a depth Con-

trolNet adds a complexity layer that makes the 

direct comparison between the models less di-

rect as the control networks interact differently 

with each one. For this reason, a fixed strength 

value was adopted only for consistency, but bet-

ter results would be obtained adjusting this pa-

rameter for each case. However, the previous 

observation regarding the overall style adhesion 

holds also for this image set: Stable Diffusion 

models seem more capable of recreating a draw-

ing rendering; among the three Stable diffusion 

3.5 is the best in reproducing an hatch-like tex-

ture as it tends to produce finer and more intri-

cate details and texture in general; and Flux and 

Hunyuan seems more biased toward photoreal-

ism, although preserving a stylized drawing ren-

dering.  Regarding composition, satisfactory re-

sults were obtained in all case; however the ad-

herence to Piranesi style was further reduced 

likely due to conditioning competition. 
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Figure 3: Images generated with “Piranesi” 

prompt and depth ControlNet. The first picture re-

ports the reference 3D model.  

The same approach was adopted to generate the 

second set of images based on the style of Hier-

onymus Bosch using the following prompt: 

“A labyrinthic interior drawn in the style of Hi-

eronymus Bosch, filled with surreal staircases, 

arches, and bridges twisting through dreamlike 

chambers. Hybrid figures and mechanical rel-

ics inhabit the architecture, fusing the organic 

and the artificial. The atmosphere is both sa-

cred and grotesque, evoking a visionary world 

of allegory and chaos where architecture be-

comes a living, moral landscape”. The results 

are reported in Figure 4 and 5. Overall, no 

model was able to replicate the required style 

nor compositionally nor chromatically and the 

addition of depth conditioning further worsened 

the issue. This is probably due to the fact that 

the prompt is explicitly requiring a subject and 

a composition which is not represented in Bosch 

corpus. It is noteworthy that using the prompt 

“Hieronymus Bosch painting and composi-

tional style” only the Stable Diffusion models 

generated outputs approximating Bosch’s style, 

while only SDXL consistently recreated its 

characteristic colour palette. 

 
Figure 4: Images generated with “Bosch” prompt 

and different models. 

  

Figure 5: Images generated with “Bosch” prompt 

and depth ControlNet. The first picture reports the 

reference 3D model.  
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2.2 GENERALISED STYLE PROMPTS 

To test less restrictive and broader stylistic con-

ditioning a set of three prompts were generated 

using ChatGPT-5 providing the previous two 

prompts as a reference and asking for a renais-

sance, a contemporary with curtain walls and 

vegetation, and a cyberpunk variation. As a fur-

ther restriction it was asked not to include 

names of architects or illustrators in the 

prompts. The resulting prompts and the corre-

sponding images are reported below and in Fig-

ure 6 respectively: 

A grand vaulted hall with staircases winding 

between columns and arches, connected by 

bridges beneath a coffered ceiling. Sunlight re-

veals proportion and harmony across the stone 

geometry. The composition evokes mathemati-

cal order and perspective, a spatial manifesta-

tion of Renaissance ideals where structure and 

ornament coexist in perfect equilibrium;  

A vast atrium with staircases, suspended walk-

ways, and open terraces surrounded by glass 

curtain walls and vegetation. Sunlight filters 

through transparent façades, reflecting green-

ery and metal. The composition blends preci-

sion and organic growth, expressing contempo-

rary ideals of sustainability, openness, and in-

tegration between architecture, light, and na-

ture; 

A sprawling futuristic cyberpunk cityscape of 

layered bridges, vertical staircases, and dense 

infrastructure illuminated by neon and fog. 

Towers and platforms overlap in endless depth, 

merging technology and chaos. The air shim-

mers with reflections and holographic light. A 

high-detail composition where architecture be-

comes both machinery and metropolis, vast and 

luminous.  

 

In the first two cases (i.e. “renaissance” and 

contemporary style) the quality of the composi-

tion, in terms of architectural plausibility and 

photorealism increases with the AI models evo-

lution however a significant consistency was 

observed among all the models, except SD1.5 

which showed a significant variation. As in the 

previous cases, central perspective was 

overrepresented; moreover, blooming and volu-

metric effects are prominent in the most recent 

models and, especially, in Flux, up to decreas-

ing the photorealism of the composition. 

 

 
Figure 6: Images generated with Flux and general-

ised prompts without and with depth ControlNet: a) 

“renaissance”, b) contemporary and c) cyberpunk 

styles. 

In the case of the cyberpunk inspired prompt, 

however, significant stylistic differences 

emerged among the models tested. While in the 

two previous cases it was not possible to estab-

lish a likely stylistic reference or bias for each 

model and the results were mostly homogene-

ous in colours and similar in composition, Fig-

ure 7 shows how the interpretation of the 

prompt changed significantly in this case. This 

could be attributed to the different authors and 

styles most represented in the training datasets 

and, possibly, to the presence of licensed im-

ages in some datasets, which in this case could 

have a significant impact in the training. This 

results, for instance, in reminiscences of the 

drawings of Syd Mead and ’80 oriented style in 

SD3.5 results or in the more modern and video-

game-rendition of Hunyuan. Lastly, the similar-

ities between the DALL·E composition in this 

and in Piranesi case (Figure 2) is surprising and 

notable and was confirmed providing the differ-

ent prompts on different account, to avoid any 

possible interference of previous image genera-

tions from ChatGPT memory system. 
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Figure 7: Images generated with the cyberpunk 

prompt (c) highlighting different stylistic refer-

ences. 

3. DISCUSSION AND CONCLUSIONS 

The proposed workflow allows geometry-

guided image generation connecting Blender 

and diffusion models using depth maps and 

ControlNet in ComfyUI. It proved to be capable 

of producing architectural visions coherent with 

the input compositions yet stylistically limited 

by the model adopted. It represents a technical 

framework for controlled non-proprietary im-

age generation which could be used for render-

ing in early design stages. Furthermore, it could 

be extended with the use of LoRAs or specifi-

cally trained models to enhance the adherence 

to desired styles and purposes. Figure 8 repre-

sents a possible application in this regard which 

is generated with a highly specialized model tai-

lored for modern architecture only. 

 
Figure 8: Example of Ai rendering generated with 

ArchitectureRealMix v11 [7]. 

However, while this paper only presents a pre-

liminary and qualitative analysis, it suggests 

that the use of general-purpose models to gen-

erate a specific style could introduce biases in 

composition, style, consistency and overall at-

mosphere. While the composition can be guided 

to obtain renderings of the desired architecture 

or scene, the qualities of the final rendering are 

model-dependent and less controllable. Moreo-

ver, they are deeply influenced by the curators 

of the training databases that directly shaped the 

visual quality of their models.  

 

The comparisons between the pictures gener-

ated without depth control showed a significant 

bias toward recurring compositions like central 

perspective across all models, and specific bi-

ases like the prevalence of larger compositions 

and small details. SD3.5 and especially Flux, 

showed a significant recurrence of bloom, vol-

umetric effects and high contrast rendering 

which convey a more “cinematic” look, but also 

cause a certain homogenization of the images 

generated which results in a short of model-spe-

cific visual quality. This is far less noticeable in 

SD1.5, which showed higher variability (or less 

prompt adhesion) and partially in SDXL. 

 

Such observations suggest a broader reflection 

on AI’s role in shaping our visual culture. 

Thought capable of producing new images and 

sometimes to successfully mix different inputs 

to create genuinely new content, AI can also 

shows significant signs of stereotyping which 

could lead to the overrepresentation of stylistic 

and visual tropes, the marginalization of un-

derrepresented visual languages and the conse-

quent narrowing of architectural imagination. 

The issue explored in this study, and the conse-

quent envisioned threats, is that from the possi-

bility of the mechanical reproduction that actu-

ally disseminated diverse visual culture, AI 

could cause a shift toward a mechanical produc-

tion of images that nevertheless remain con-

fined within the limits of their inherited data and 

risk to educate the public and the designer to an 

aesthetic homogenization which is, in fact, a 

“huge average” of a selected visual corpus 

adopted as training set.  

 

Lastly, it should be noted that through careful 

prompt design, parameter tuning, and iterative 

generation, it is indeed possible to improve ad-

herence to a desired style or compositional  

logic. Achieving this, however, often requires a 

high level of critical awareness and the ability 
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to deconstruct a style into its constituent ele-

ments (i.e. lighting, details, texture, composi-

tion, perspectives, etc.) so that they can be ex-

plicitly articulated and incorporated into the 

prompt. Tools like ControlNet conditioning can 

assist in this process, but their effective use still 

depends on an informed, reflective engagement 

with the system. 

 

This implies that while researchers and expert 

designers could be capable of leveraging such 

strategies to overcome some of the biases inher-

ent in generative models, the majority of users 

(i.e. students, novices, or general practitioners) 

remain vulnerable to reproducing these limita-

tions uncritically. Consequently, since all cate-

gories of users should engage critically with 

these technologies, balancing technical work-

flow strategies with reflective practice, there is 

a clear need for education and dissemination on 

the capabilities and constraints of AI tools, pro-

moting awareness of how training datasets, 

model biases, and algorithmic tendencies shape 

the aesthetic outcomes of generated imagery. 
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ABSTRACT: Hallucination has long been a subject of research and scholarly 

debate. Based on an AI animation project inspired by Shakespeare, this paper adopts 

the concept of hallucination and frames it within an artistic context, specifically 

animation. Through an analysis of how hallucination has been defined in studies on 

AI and how it can be contextualised within animation, the paper identifies three 

major issues encountered during the animation process: stylistic inconsistency, nar-

rative misalignment and motion disruption. The case study examines the style of 

the historical artist Eugène Delacroix, transforming his static illustrations into ani-

mated format. The process revealed several challenges arising from the incorpora-

tion of AI, which were mitigated through the use of reference images, hybrid story-

boarding combining sketches and AI, and manual artistic intervention within the 

AI-generated animation. Framing the concept of hallucination within this field 

prompts a discussion on what is actually required from AI in artistic practice. 

 

1. INTRODUCTION 

AI advancements have shed light on the ethical 

and technical aspects of creative practice since 

the launch of Midjourney and ChatGPT in 

2022. Since then, AI models have produced vis-

ually appealing outputs full of realism, often be-

coming difficult for humans to distinguish [1]. 

However, AI’s hyperreality does not come 

without constraints, as its artistic variability re-

mains limited. The shortcomings include misa-

lignments, copyright issues, and unexpected 

generations, all of which have become subjects 

of public debate. As a result, the term hallucina-

tion has gained prominence, originating from 

the idea of something existing only in one’s 

mind but not in the real world, and now describ-

ing AI’s current inability to discern what is real 

or intended, existing solely within the state of 

AI itself. 

 

The randomness of AI generation is largely dic-

tated by an insufficient or faulty training pro-

cess, which remains inaccessible for human in-

tervention. Therefore, when creating with AI, 

detecting and mitigating hallucination becomes 

one of the essential tasks of the human author. 

The question is no longer whether AI should be 

used in the creative sector, but rather how it 

should be used. 

While mitigating distortions in AI output has 

been addressed by some scholars [2], relatively 

little research has examined this issue in the 

context of artistic creation, particularly within 

animation practice. The overarching aim of this 

study is to extend the discussion on conceptual-

ising hallucination beyond existing definitions 

such as: ‘non-existent objects are erroneously 

detected or incorrectly localised at their antici-

pated positions’ [3], ‘generative AI software 

systems generate fabricated or false infor-

mation’ [4], and ‘patterns or objects that are 

non-existent or imperceptible to human observ-

ers, creating outputs that are nonsensical or al-

together inaccurate’ [5], and to move this dis-

course towards the domain of creative practice. 

Moreover, there may be more to hallucination 

than its pejorative connotation. Some authors 

interpret distorted output as a trigger for crea-

tivity and storytelling, emphasising its positive 

associations [6][7][8].  

 

Our interest, however, lies in defining halluci-

nation within the context of animation, with the 

aim of mitigating such outputs. For this reason, 

the paper investigates how AI can support the 

adaptation process within ethical constraints 

and how hallucination can be controlled in ar-

tistic practice to achieve specific outcomes. Fol-

lowing this statement, how do we perceive hal-

lucination in the animation field? And how can 

such a situation be mitigated by co-creative 

practices? 
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In an ongoing Shakespeare animation project, 

we employ AI to translate classical illustrations 

into motion, demonstrating both the indispensa-

ble role of human direction and the potential of 

generative AI through a co-creative, sketch-

based approach. This practice-based study not 

only addresses the question of how, but also 

provide a framework for animators working in 

the AI era. Consequently, through this case 

study, we seek to elucidate how GenAI can be 

integrated into creative practice without com-

promising artistic integrity. 

2. DEFINING HALLUCINATION 

The origins of the term ‚hallucination‘ refer to a 

person who constructs imaginative perceptions 

[9]. However, the emergence of AI has rede-

fined the concept within a new framework. 

Terms such as ‘distortion‘, ‘AI fabrication‘, or 

the more commonly used ‘AI hallucination’ de-

scribe the information that is missing within im-

ages and is filled with random data by AI [10]. 

While the term initially arose from falsified in-

formation produced by Large Language Models 

(LLMs), it has recently gained more attention in 

broader studies of AGI, where it is conceptual-

ised as ‘model outputs that do not align with the 

contemporary empirical realities of our current 

world’ and is categorised into various types de-

pending on the field of study [11]. 

 

Some scholars interpret AI hallucination in a 

more explicit and straightforward manner, such 

as ‘instances where non-existent objects are er-

roneously detected or incorrectly localised at 

their anticipated positions’ [3], while others 

emphasise the term’s fluid nature, stating that 

‘hallucination includes not only misalignment 

between text prompts and generated images but 

also the generation of factually defective im-

ages‘ [12]. Moreover, some definitions take a 

more less straightforward and direct approach, 

explaining that ‘hallucinations may seem to be 

plausible while they are in fact unacceptable’ 

[13], which may directly relate to misalignment 

at the artistic level. 

 

Therefore, a creator with a specific concept in 

mind works toward a defined goal, yet within 

the AI setting, even when the output does not 

significantly distort the form or narrative, it may 

still diverge from the creator’s intended out-

come. As a result, this paper seeks to take the 

discussion one step further by exploring the 

connotations of AI distortions, that is, AI hallu-

cination in the context of animation. 

2.1 HALLUCINATION IN ANIMATION 

Originating from human experience, hallucina-

tion brings forward the relationship between hu-

man imperfection and AI hallucination, as hu-

mans also tend to falsify truths and manipulate 

content, often described as ‘subjectivity’, ‘bias’, 

or ‘stereotyping’ [14]. This behavioural pattern, 

observed in both humans and AI, suggests that 

continuous reflection and improvement are nec-

essary, analogous to the supervision and art di-

rection required for AI-generated output. 

 

The issues at the intersection of animation and 

AI can therefore be summarised within the 

framework of hallucination. As demonstrated, 

hallucination does not only feature implausible 

situations but is also associated with unaccepta-

ble outputs. In some cases, it can be related to 

‘caption hallucination’, described by as ‘pro-

ducing descriptions or captions that either con-

tain elements inconsistent with the image or 

omit important aspects of it’. [2] Our case study 

encounters precisely this issue, as even with im-

age-based generation, AI can still produce in-

correct or unacceptable content. While the term 

hallucination has become well established in 

describing AI-induced distortions, its meaning 

and potential relevance to visual practice re-

main underexplored. 

 

Following existing definitions, we divide hallu-

cination into three categories which we encoun-

tered during the animation process: 

 

• Stylistic inconsistency – when a model 

diverges from the given stylistic instruc-

tion 

• Narrative misalignment – when AI mis-

understands the atmosphere and reshapes 

the narrative 

• Motion disruption – when behavioural 

aspects misalign with the rules of anima-

tion, whether in gestures, storyboarding, 

or scene timing 

 

These three types of hallucination are examined 

through the project of readapting Shakespeare 

from static historical works into animation. The 

case study is grounded in the lithographs of Eu-

gène Delacroix, the renowned nineteenth-cen-

tury artist who illustrated Shakespeare’s play 

Hamlet in the lithographic medium. 
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Figure 1: The examples of the famous Shake-

speare illustrations by Eugène Delacroix serving as 

a base for animation readaptation. 

3. STRATEGIES TO MITIGATE THE 

HALLUCINATION IN ANIMATION 

 To begin with, it is worth introducing the rea-

sons for hallucination encountered when utilis-

ing AI. An animator working with open-access 

models has limited control over the generation 

process, including stylistic consistency and the 

subtle gestures of characters. In a classical set-

ting, the animator constructs the environment 

and, through the use of animation software, 

guides the narrative. This changes entirely in 

the context of AI. For instance, when animating 

with a single model, it may be difficult to 

achieve a specific outcome, as publicly availa-

ble models differ significantly in their strengths 

and weaknesses. Moreover, the challenges vary 

depending on the stage at which AI is incorpo-

rated. During the ideation phase, ethical con-

cerns arise since AI, trained primarily on inter-

net-sourced data, can probe one’s visual devel-

opment. Additionally, the photorealistic bias in 

training data often fails to meet the expressive 

needs of animation. On the other hand, even 

with a well-prepared base input, hallucination 

may occur once the image is set in motion by 

AI. The project of animating Shakespeare with 

AI confronts precisely these challenges, includ-

ing stylistic misalignment as well as narrative 

and motion distortion. 

3.1 HISTORICAL REFERENCE 

Shakespeare’s plays have been adapted across 

diverse mediums, including animation and il-

lustration. Although the practice of animating 

still images has been explored and is often 

viewed as an act of creative reinterpretation 

[15], its implications in relation to AI-induced 

distortions remain insufficiently examined. To 

align with principles of ethical AI use, this pro-

ject adopts the strategy of working with public 

domain materials as a foundational source. By 

employing a model for readaptation rather than 

relying solely on AI-generated outcomes de-

rived from training data, the approach mitigates 

risks of copyright infringement. Nevertheless, 

this process presents notable challenges, as sty-

listic distortion frequently alters the intended 

aesthetic once the image is animated. 

Figure 2: Comparative example demonstrating 

stylistic hallucination and its mitigation through 

prompt intervention. The original input (left) 

produces a hallucinated output (centre), which is 

subsequently corrected through prompt-based 

intervention (right). 

In this context, hallucination can be understood 

as the tendency of AI models to transform a dis-

tinct visual style into a three-dimensional aes-

thetic. This phenomenon corresponds to a form 

of ‘stylistic inconsistency’, in which the model 

disregards the provided stylistic parameters. 

Unlike a human animator who, when following 

a specific instruction, can refine and adjust de-

cisions through critical judgment, AI lacks the 

capability for aesthetic evaluation inherent in a 

human artist. This absence underscores the in-

dispensable role of the animator within AI-as-

sisted workflows. In such cases, hallucination 

does not manifest through the creation of ‘non-

existent’, ‘nonsensical’, or ‘inaccurate’ objects 

but rather through the deviation of the output 

from the intended stylistics toward a more real-

istic, film-like mode of representation. This 

form of stylistic inconsistency can be regarded 

as a deliberate manifestation of hallucination re-

sulting from the biases embedded in training 

data. Within artistic practice, therefore, we de-

fine this occurrence as a type of hallucination in 

which AI modifies given instructions under the 

influence of its data-driven predispositions. 

Consequently, how to mitigate such a situation? 

 

‘Prompts’ refer to the textual inputs provided by 

users. Their modification is conceptualised as 

an ‘engineering’ process. With the increasing 

availability of advanced and more accurate 

models for creative professionals, prompt engi-

neering has become a highly valued skill, ensur-

ing more precise outputs [16] and serving as one 

of the key methods for mitigating potential mis-

alignments. 
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When text-to-image models such as Midjour-

ney and DALL·E were first introduced, they 

astonished the creative community; however, 

their capabilities in generating specific styles at 

that time remained limited. Merely two years 

later, generative models now differ significantly 

in their training techniques and offer a greater 

variety of stylistic options. Therefore, beyond 

prompt engineering, knowledge of new models 

and their potential applications is essential for 

maintaining a smooth AI workflow. A relevant 

example is the growing practice of combining 

Depth and Canny within ControlNet. While 

Canny primarily focuses on edge detection, 

Depth preserves the spatial structure of the im-

age. Through a combination of careful prompt 

design and the use of Canny, two-dimensional 

stylistics tend to produce more consistent re-

sults while avoiding unwanted realism. 

 

One further aspect that must be emphasised is 

the role of source input as a base for readapta-

tion. Minimal or absent human intervention is 

often criticised by practitioners as a form of AI 

theft [17]. This issue becomes particularly evi-

dent when visual outputs are generated solely 

from textual prompts, especially when these 

outputs attempt to represent recognisable char-

acters or established narratives. In such cases, 

hallucination not only pertains to stylistic dis-

tortion or narrative misalignment but may also 

extend to ethical concerns of artistic appropria-

tion. To address this, our case study employed 

public domain illustrations as the foundational 

inspiratoin base for creative readaptation. 

3.2 HYBRID APPROACH 

Online AI-generated videos are often recog-

nised for their close resemblance to reality, 

which diverges significantly from what anima-

tors usually aim to achieve. But what happens 

when an animator works with limited source 

material? This particular situation arises as the 

original selected as an inspiration artist did not 

create illustrations for all scenes. 

 

In Act 4 of Shakespeare’s Hamlet, the scene in 

which Hamlet is sent away to England is visu-

alised through the animation of a sailing ship. 

Instead of generating an image directly from a 

textual prompt, the process first included a tra-

ditional hand-drawn sketch. This rough sketch 

served as a base, while a trained LoRA (Low-

Rank Adapter), developed using all available 

lithographs by Eugène Delacroix, was em-

ployed to generate the appropriate style. From 

this image ideation process, another aspect 

emerges: filling the undefined space of a sketch 

may potentially enrich the overall storyboard 

process. Of course, it remains the artist’s role to 

utilise such outputs and evaluate their aesthetic 

quality. This experimental observation suggests 

that hallucination, despite its negative connota-

tions, may also carry creative potential.  

Figure 3: Stages of visual development based on 

sketch generation with Canny. 

The situation changes, however, when generat-

ing images that depict characters or capture the 

specific atmosphere of a narrative. When pro-

vided with a sketch, AI often reshapes the nar-

rative by adding additional characters, altering 

facial expressions, modifying age, or changing 

the overall tone of the scene. This example il-

lustrates ‘narrative misalignment’, which can 

be framed within the concept of hallucination. 

In a traditional setting, an animator maintains 

consistency of character and scene, whereas AI 

may misalign previously established visual con-

tent.  

Figure 4: Sketches used for AI generation, ranging 

from minimal detail (left) to complete drawing 

(right). 

Through the sketch-based experiment, we ob-

served that the most effective AI style genera-

tion occurred when sketches contained only 

basic outlines, as fully detailed drawings with 

shading resulted in ‘over-information’ for the 

model. For this reason, further scenes develop-

ment involved minimal linear drawing. 
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Figure 5: Example of scene generation based on a 

sketch input, illustrating hallucination of 

environmental and character inconsistency 

Nevertheless, the inclusion of a sketch does not 

guarantee full consistency. On multiple occa-

sions, AI generations based on sketch input pro-

duced various hallucinated outputs, including 

inconsistencies in style, character appearance, 

environmental setting, and even the number of 

characters within a scene. While in experi-

mental practice such distortions might result in 

‘happy accidents’, these evident flaws cannot 

persist in narrative-based animation, where they 

risk disrupting audience attention and under-

mining the coherence of the plot. For this rea-

son, manual artistic intervention remains crucial 

in mitigating such occurrences, as explained in 

the following section. 

3.3 CONTROLLING MISALIGMENT BY 

CO-CREATION 

As outlined above, the sketch-based workflow 

does not ultimately guarantee successful output. 

Therefore, another strategy involves adjusting 

the scenes manually through the use of tradi-

tional animation software. The co-creation be-

tween fully automated AI processes and tradi-

tional tools not only enables greater control over 

the overall aesthetics but also mitigates halluci-

nated outputs. By combining AI-generated ele-

ments with manual storyboarding and anima-

tion techniques, the process remains within an 

ethical framework. 

 

One significant case of misalignment was 

encountered in Act 2, where the character of 

Polonius sends a spy. While animation does not 

necessarily aim for complete realism in 

character movement, a professional animator is 

capable of establishing a baseline for cohesive 

motion. In this regard, AI does not suffice, as 

hallucination becomes evident in perspective 

shifts and motion timing.

Figure 6: Example of motion hallucination 

persisting through multiple iterations, marked by 

inconsistencies in running speed, behavioural 

narration, and gesture alignment 

The chosen solution for this issue was artistic 

intervention, which did not eliminate AI input 

but rather integrated it with manual techniques. 

The intervention primarily addressed changes 

in perspective and running motion. In summary, 

the sketch base and running sequence were pro-

duced through manual animation, while the 

LoRA model generated the visual style of the 

base image and the secondary character anima-

tion. This process effectively resolved the mo-

tion misalignment that had originally appeared 

as hallucination in the form of distorted running 

speed and perspective. 

 
Figure 7: Process of mitigating hallucination 

through a co-creative approach, where the overall 

scene remains AI-generated while motion is refined 

using manual animation techniques 

4. CONCLUSION 

From the presented case study, three major con-

clusions can be drawn. First, the definition of AI 

hallucination has not yet been firmly estab-

lished within the artistic context. What may be 

considered plausible in photorealistic image 

generation is not perceived in the same way 

within the arts, and particularly not within ani-

mation. By framing the concept of AI halluci-

nation around three categories, this paper aimed 

to elucidate the notion of AI misalignment. 

Second, AI-assisted animation requires contin-

uous supervision of both its aesthetic and narra-

tive outputs. Although the development of new 
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models in recent years has contributed to a re-

duction in visual and motion distortions, these 

improvements do not fully meet the needs of ar-

tistic practice. Creators often move away from 

realism, favouring more experimental and aes-

thetically engaging approaches. 

 

Lastly, the strategy of using historical refer-

ences within the public domain, alongside a hy-

brid approach that integrates hand-drawn meth-

ods, AI generation, and manual intervention, 

ensures that AI animation remains within an 

ethical framework. 
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ABSTRACT: The digital transformation in the cultural heritage sector has led 

to the widespread adoption of Virtual Tours (VTs), which are intended as interac-

tive simulations of real-world locations that allow users to explore and navigate 

spaces remotely. This trend was significantly accelerated by the global pandemic, 

which compelled cultural institutions to reassess their accessibility models and has 

produced a diverse landscape of technological solutions, revealing a critical need to 

move beyond simple digital replicas toward more integrated and meaningful inter-

actions. In this paper, VT has been created to offer the public new visualizations of 

rooms and panoramas that are partially or fully inaccessible inside the Palazzo 

Carignano Museum. Therefore, VT faced the central goal of reducing obstacles, 

inequalities, and gaps that limit citizens' participation in cultural life and heritage, 

favoring accessibility to rooms that are not accessible by the mobility-impaired or 

not visitable by the public due to safety reasons. A sequence of spherical images 

linked together by graphic elements that allow the photographs to be visited and 

scrolled makes up the VT. It will be available on the museum’s website and usable 

on-site via totems and handheld devices.  

 

1. INTRODUCTION  

This proposal is rooted in a broader project 

aimed at enhancing the physical and cognitive 

accessibility of the Carignano Palace and Mu-

seum, which was commissioned by the Dire-

zione Regionale Musei (DRM) - Museo di 

Palazzo Carignano. The project has been funded 

as part of the PNRR (National Recovery and 

Resilience Plan) in the Accessibility sector and 

concluded in February 2025. 

The overall project is divided into two activi-

ties: analysis, conducted through an integrated 

digital survey, and interpretive modeling, of the 

museum and the XVII-century façades, per-

formed using the H-BIM process. At the same 

time, communication strategies, methodologies, 

and tools ranged from reconstructive digital 

modeling and physical modeling to virtual tours 

(VT), virtual reality (VR), and augmented real-

ity (AR). Within the scope of intervention, mu-

seum spaces, missing structures, and architec-

tural elements are presented using certain 

above-mentioned techniques, selected on a 

case-by-case basis according to the project ob-

jectives. The phygital products will be inte-

grated into the new installations and devices en-

visioned in the overall communication plan, as 

well as the new exhibit for the Palazzo 

Carignano Museum. 

2. MAIN OBJECTIVES AND PROJECT 

OVERVIEW  

VT faced the central goal of the project, which 

was to reduce obstacles, inequalities, and gaps 

that limit citizens' participation in cultural life 

and heritage, thereby favoring accessibility to 

rooms that are not accessible to the mobility-

impaired or not visitable by the public due to 

safety reasons.  

Another aim is to expand the number of visitors, 

not only by promoting accessibility, but also by 

mailto:roberta.spallone@polito.it
mailto:marco.vitali@polito.it
mailto:fabrizio.natta@polito.it
mailto:enrico.pupi@polito.it
mailto:m.russo@uniroma1.it
mailto:martina.casciola@uniroma1.it


 

205 

communicating to tourists planning a visit to the 

city the quality of the Museum’s interior spaces. 

Indeed, Palazzo Carignano, designed and built 

by Guarino Guarini from 1679, is an acknowl-

edged masterpiece of Baroque architecture. The 

building was originally the residence of the ca-

det branch of the House of Savoy-Carignano. In 

1848, the main hall was transformed into the 

chamber of the First Subalpine Parliament, 

while one room housed Camillo Cavour's study.  

The museum tour offers visitors the chance to 

admire 17th-century rooms decorated with fres-

coes, wood paneling, stucco work, and mirrors, 

and furnished with original pieces of furniture. 

However, the palace is mostly explored from 

the outside, or by walking through its entrance 

hall, atrium, and courtyard, which are freely 

open to the public and connect two monumental 

squares, Piazza Carignano and Piazza Carlo Al-

berto.  

Few are familiar with its vestibules, double 

staircase, and the precious apartments of Mez-

zanotte and Mezzogiorno, which housed the 

Princes of Carignano and are now home to the 

Museum of Palazzo Carignano.  

Moreover, some rooms and open spaces, such 

as the lantern that covers the main hall, and the 

terraces on the roof, are not accessible to the 

public.  

For these reasons, a virtual tour was created. 

Three main phases characterized the work: the 

design of the spherical camera shoots and its 

implementation, the processing of the photo-

graphs to create a continuous path, and the cre-

ation of the user interface, equipped with a nav-

igator. 

A sequence of spherical images linked together 

by graphic elements that allow the photographs 

to be visited and scrolled makes up the VT. It 

will be available on the museum’s website and 

usable on-site via totems and handheld devices. 

Particular attention was paid, right from the in-

itial stages of shooting with the spherical cam-

era and then in the construction of the paths be-

tween interior and exterior spaces. Numerous 

meetings of the research group were devoted to 

examining the different possibilities of move-

ment, with the aim of providing the public not 

with a paratactic visualization of the individual 

rooms, but with a syntactic understanding of the 

architectural complex in its morphological and 

decorative values. Equally, attention was paid 

to the display options for the main station 

points, route directions, access from ground 

level to upper floors, and points of interest ac-

companied by multimedia information. 

Following a thorough benchmarking of interna-

tional cases, VT is characterized by:  

• continuity of the path, based on the principle 

of the intervisibility of station points,  

• careful construction of the user interface, 

which offers alternative ways of routing while 

avoiding redundancies or loss of orientation,  

• possibility of inserting hotspots through which 

multimedia content can be accessed.  

3. VIRTUAL TOUR AND MUSEUMS: AN 

OVERVIEW  

The digital transformation of cultural heritage 

has led to a widespread adoption of Virtual 

Tours, a trend significantly accelerated by the 

global pandemic, which forced cultural institu-

tions to rethink their accessibility models [1]. 

This evolution has produced a diverse land-

scape of technological solutions, revealing a 

critical need to move beyond simple digital rep-

licas toward more integrated and meaningful in-

teractions [2]. An overview of the current state 

of the art reveals key trends and challenges, par-

ticularly concerning the representation of muse-

ums not just as collections, but as significant ar-

chitectural heritage in their own right. 

A primary distinction in the museum VT land-

scape lies in the technological platform. Many 

institutions, like the Musei Capitolini (Rome) 

and the British Museum (London), rely on 

third-party platforms such as Google Arts & 

Culture. This ensures broad visibility and a 

standardized user interface but often limits cus-

tomization. Conversely, institutions such as the 

Louvre (Paris), the Rijksmuseum (Amsterdam), 

and the Museo Egizio (Turin) have developed 

bespoke platforms. These solutions offer 

greater control over the user experience, allow-

ing for sophisticated navigation and deeper con-

tent integration. A third category utilizes spe-

cialized software like PANO2VR or Matterport, 

as seen in Turin with the Museo di Arte Orien-

tale and the Apartment of Mezzogiorno in 

Palazzo Carignano. These tools offer advanced 

features, including photogrammetry-based 3D 

models and VR compatibility, providing a bal-

ance between custom development and off-the-

shelf solutions [3]. 

Beyond the platform, the user’s journey is de-

fined by the navigation model, which becomes 

critical when the focus is the architectural “con-

tainer”. Many VTs favor a guided, cinematic 

experience – as seen in tours of the Palace of 

Versailles – that prioritizes storytelling over 

free exploration. While narratively effective, 

this can hinder a user's grasp of spatial relation-
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ships. A frequent challenge in VTs is poor nav-

igation design, which can lead to user disorien-

tation [4]. In contrast, the new project for 

Palazzo Carignano emphasizes spatial continu-

ity, a crucial element for allowing users to as-

sess the whole spatiality of the place. Unlike 

tours that present disconnected rooms, this ap-

proach is built on the intervisibility between ob-

servation points, enabling a coherent perception 

of the palace's architectural sequence. This 

method transforms the VT from a mere gallery 

into a tool for architectural comprehension, ef-

fectively communicating the building’s spatial 

dimensions and proportions [5]. This focus on 

the building itself represents a significant step 

forward, using technology not only to overcome 

physical barriers but to offer a deeper, more ho-

listic understanding of cultural heritage [6]. 

4. VIRTUAL TOUR TECHNICAL 

SPECIFICATIONS  

The Virtual Tour (VT) of Palazzo Carignano 

was developed by balancing and optimising the 

acquisition of spatial data with the use of data 

visualisation tools, achieving a specific commu-

nicative effectiveness.  

As mentioned in paragraph 3, the acquisition 

was planned initially by identifying the main 

trajectories with respect to the areas to be cov-

ered (Fig. 1). This preliminary plan was vali-

dated in situ and integrated with respect to the 

space morphological complexity. The latter was 

decisive in determining the number of interest-

ing points, aiming to preserve the continuity of 

the route while also adapting the level of infor-

mation from a specific perspective. Complex 

spaces, therefore, required more viewpoints, 

thereby allowing for a more exhaustive explo-

ration. However, attention was also paid to op-

timising the data, limiting the viewpoint redun-

dancy. It would have slowed down the visit and 

made the tool more complex to manage. In open 

or huge spaces, acquisitions were planned at 

greater distances, allowing for rapid movement 

while preserving the observation of the context.  

The photo acquisition was conducted using an 

INSTA360 X4 camera, capable of simultane-

ously capturing two hemispherical images that 

are automatically stitched together into a 360° 

image (Fig. 2). The camera is equipped with a 

1/2" sensor, an f/1.9 aperture, a focal length 

equivalent to 6.7 mm (35 mm) and the ability to 

capture images up to 72 MP (11904×5952 px). 

In the Palazzo Carignano VR, the maximum 

resolution was set, considering the average ac-

quisition distance, to ensure an adequate level 

of detail (Ground Sampling Distance) for im-

mersive navigation. 

 

 
Figure 1: Floor plan of the building with layout of 

some VT routes (Editing by M. Russo) 

A critical issue addressed in image acquisition 

was the variable lighting conditions. The need 

to define in advance set-ups suitable for specific 

conditions led to the identification of four main 

types of spaces: open (natural light only), semi-

open (covered but with a predominance of nat-

ural light), closed with mixed light (natural and 

artificial) and closed (predominantly artificial 

light). Specific parameters for ISO, shutter 

speed and white balance were defined for each 

of these, ensuring colour uniformity between 

images. All 57 photographs were taken with the 

aid of a tripod. 

5. VIRTUAL TOUR PROCESSING 

The first step in post-production of the images 

was colour equalisation using Adobe Pho-

toshop's Camera Raw plugin tools. It allows 

control of specific lighting issues while preserv-

ing the actual environmental conditions. The ef-

fects of different light sources, both natural and 

artificial, in interior spaces were mitigated, im-

proving the overall readability and perceptual 

homogeneity of the spherical photographs. 

The modified images (Fig. 2) were imported 

into the Virtual Tour PRO (3DVista) software, 

a platform that allows the user interface (UI) to 

be configured and customised (see paragraph 6) 

to adapt the virtual tour experience to different 

user needs. An initial assessment focused on 

simplifying and selecting the content to be in-

cluded on the platform. As will be described in 
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detail in the following paragraph, the VT is the 

result of a delicate balance between the accessi-

bility of the content, the clarity of the infor-

mation, and the completeness of the data con-

veyed. In line with this process, the building's 

floor plans were simplified to provide VT con-

tainers that were immediately understandable 

in terms of positioning in the Palazzo system, 

highlighting only the spaces involved in the 

routes.  

For the same reason, the number of points of in-

terest has also been reduced in the key plan to 

avoid excessive overlapping of information 

(Fig. 3). Visitors, therefore, have the oppor-

tunity to explore new stations within the VT that 

are not included in the key plan but are helpful 

in the transition between stations.  

This transition is supported by the inclusion of 

simplified icons, which must ensure recognisa-

bility while preserving graphic continuity. 

Some icons only appear when the mouse hovers 

over them, optimising the image visualisation. 

The last development process focused on the 

portability of the VT. The interface was de-

signed based on a Full HD (1920×1080) refer-

ence scheme. 

Figure 2: Images from the two hemispherical photos and edited  equirectangular image (Editing by M. Russo) 



 

208 

 
Figure 3: Plans (ground floor, first floor, top floor) with the distribution of VT viewpoints (Editing by M. Russo) 

Figure 4: Wireframe of VT interface. (Editing by M. Rinascimento)

It is optimal for viewing on computers but can 

also be re-adapted to tablets and smartphones 

without modifying the original images. In these 

cases, the UI elements automatically adjust to 

the screen size, preserving both accessibility 

and interactivity of the experience. These ele-

ments can be further calibrated during the final 

implementation phase, once the target platform 

has been identified. 

6. VIRTUAL TOUR USER INTERFACE  

In order to make the virtual tour output as ac-

cessible and easily navigable as possible for the 

Museum broader target audience, some UX De-

sign methodologies and good practices were 

followed so as to additionally guarantee the 

achievement of a User Centred output. 

First, simple B/W visual schemes, technically 

referred to as wireframes, were sketched to rep-

resent a draft of the appearance of the digital in-

terface of the virtual tour to-be (Fig. 4). 

In this phase, it was crucial to convert the in-

sights collected during the VT’s benchmarking 

analysis, discussed in paragraph 3 of this contri-

bution, in early design choices, namely spotting 

the elements and components of interest stand-

ardised for a virtual tour, like an interactive plan 

of the explorative area and control buttons for 

movement, and position them in the VT inter-

face. This methodology helped the research and 
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design team to imagine the digital interface lay-

out, the displacement of content and ensure that 

the flux of user interactions with the digital sys-

tem designed is intuitive and smooth. Coher-

ently, the visual appearance of user experience 

components isn’t relevant at this point, indeed 

placeholders recalling the shape and space oc-

cupied by interactive elements are placed. Fol-

lowing the design of the layout, a set of icons 

and visual components were designed and posi-

tioned in place of the correspondent placehold-

ers (Fig. 5). Ensuring suitable movements dy-

namics resulted being essential to offer a pleas-

ing and customizable exploration of the VT. 

Reasonably, the research team decided to de-

sign varied modalities to move in the digital 

space as both a set of movements and explora-

tion icons and an interactive plan of the Mu-

seum building. The former was placed at the 

bottom of the interface in order to support the 

user to move across spherical images according 

to directions and zoom in or zoom out; the latter 

is formalized as a thumbnail of the plan of the 

building that visually tracks the position of the 

user in the VT and displays their optical cone, 

suggesting the user orientation in the map. 

Another thought laying in accessibility and use-

fulness UX dimensions was on the possibility 

for users to freely explore the VT without being 

distracted by redundant visual  

indicators and components. For this reason, an 

eye-like icon was added onto the interface al-

lowing users to enable or disable the rest of the 

icons, thus visually freeing the interface and fa-

cilitating a complete exploration of the spheri-

cal images. Finally, the definitive VT interfaces 

took shape (Fig. 6).  

At this final stage, numerous tests were carried 

out to favour continuity along the route and in-

ter-visibility between acquisition points that are 

placed along the pavement of the explorative 

area.  

Users can in fact interact with both the observa-

tion points green-colored in the map and the ac-

quisition points that can be found as users dive 

deep in the VT route. To furthermore enhance 

the exploration of the VT, an additional interac-

tive component was added next to the building’s 

plan, as so the icon displaying the mapped and 

explorable floors allowing users to directly tel-

eport from one level to another just by clicking 

it. 

 
Figure 5: Wireframe of VT interface with designed icons and interactive elements put in place  

(Editing by M. Rinascimento) 
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Figure 6: Definitive VT interface displaying the façade of Palazzo Carignano 

(Development by M. Russo. UX Research and Design by M. Rinascimento)

7. IMMERSIVE FRUITION OF 

EXISTING ARCHITECTURAL 

HERITAGE 

The VT solution was identified as optimal for 

the Palazzo Carignano Museum. The choice of 

trade-off between accuracy and quality in cul-

tural heritage documentation avoided the re-

source expenditure required by detailed geo-

metric and morphological modeling with high-

resolution textures, which was misaligned with 

respect to the necessary communicative output 

[7] [8]. Alternative approaches, although pro-

ducing metrically accurate and morphologically 

detailed models, require articulated workflows 

for processing, optimization, and integration of 

heterogeneous datasets, with consequently sig-

nificantly higher computational and temporal 

resource requirements [9]. 

VT based on spherical images, however, con-

strains public fruition to predetermined station 

points from the acquisition phase, limiting spa-

tial continuity and the perception of motor free-

dom. These are essential elements for a robust 

sense of presence, understood as the product of 

immersion and coherence [10]. Nevertheless, 

although this feature correlates with navigation 

fluidity, user control, and sensory feedback 

[11], it can be elevated even with interaction 

limitations, being associated with better cogni-

tive performance and spatial abilities [12]. 

The immersiveness of the experience can be 

significantly enhanced through the use of Head-

Mounted Displays (HMDs), which substan-

tially improve the sense of presence compared 

to desktop monitor visualization. HMDs pro-

vide a wide field of view, three-degrees-of-free-

dom (3-DoF) tracking, and sensory isolation 

from the surrounding environment, thereby fa-

voring perceptual immersion. Comparative 

studies demonstrate that 360° fruition via HMD 

produces superior perception of control and im-

mersion compared to desktop screens, despite 

the limitations of constrained navigation [13] 

[14]. 

The 3DVista Virtual Tour PRO software ena-

bles the conversion of the VT into an immersive 

experience for HMDs through the insertion of a 

VR icon in the UI and the enabling of an export 

option that optimizes content through foveation 

techniques and visual quality calibration for dif-

ferent hardware architectures, including Meta 

Quest, Pico, and HTC Vive. The platform im-

plements two interactive paradigms: gaze-based 

interaction, which reduces cognitive complex-

ity and mitigates the risk of Visually Induced 

Motion Sickness (VIMS) [14], and controller-

based interactions, which expand interactive 

possibilities by enabling the activation of em-

bedded multimedia contents. 

HMDs generate multiple benefits: they enhance 

cognitive and emotional engagement, improv-

ing information retention; facilitate cognitive 

accessibility by creating controlled environ-

ments advantageous for users with neurodiver-

sity; and support wayfinding strategies through 

intuitive three-dimensional graphic elements. 

However, the spatial restrictions of constrained 

navigation and potential discomfort factors, 

such as visual fatigue and VIMS, persist, inten-

sifying between 10 and 20 minutes of exposure, 

although some users demonstrate good adaptive 
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capacity [15]. The immersive experience is 

therefore optimal for a heterogeneous audience 

for sessions of approximately 15 minutes and 

targeted fruitions, while the desktop version re-

mains advisable for extensive explorations and 

users sensitive to VIMS. 

For the case study of the Palazzo Carignano 

Museum, integration with web-based platforms 

extends the dissemination potential by enabling 

remote access through consumer-grade devices, 

transforming the VT into a communicative tool 

adaptable to different modalities and contexts of 

fruition, in alignment with the project's objec-

tives of inclusion and accessibility to cultural 

heritage. 

8. FUTURE EXPERIENCES 

IMPLEMENTATIONS  

At the current stage of development, the Virtual 

Tour constitutes an explorable spatial database, 

as described in the previous paragraphs, offer-

ing different levels of immersion and a high de-

gree of user freedom. It effectively provides a 

basis for the implementation of additional con-

tent aimed at enriching the user experience 

through different media: 

Audio tracks (music, background noises, 

voices) that evoke, through movement within 

the virtually visited places, scenarios of use of 

the spaces in relation to their intended use in a 

specific historical period, or that illustrate, 

through multilingual narration, architectural 

and spatial characteristics, historical notes, cu-

riosities, or more. 

• Multilingual subtitles to ensure maximum in-

clusion of different types of audiences in sup-

port of the audio tracks, 

• Videos in Italian Sign Language (LIS) for 

brief descriptions and illustrations of the con-

tents and highlights of the tour 

• Points of Interest (POI), i.e. sensitive points 

anchored to specific elements of the spherical 

image, designed as links to specific insights into 

the architecture visited or objects of particular 

interest contained therein: these insights may 

include texts, historical images, archive draw-

ings, documents, three-dimensional models 

navigable in VR or multimedia content of vari-

ous kinds.  

The design of content related to virtual tours is 

a particularly delicate matter, requiring the con-

vergence and harmonisation of numerous skills: 

the content must strictly adhere to a narrative 

project that intertwines the cultural demands of 

museum curators, the expertise of communica-

tion and User eXperience specialists, and the 

know-how of those who produce three-dimen-

sional and VR models, audio and video content. 

The harmonisation of this wide range of content 

and media must aim to ensure easy, fluid, and 

enjoyable use, while meeting standards of sci-

entific accuracy. On the one hand, therefore, the 

content must be presented in an appealing and 

easy-to-explore way, carefully balancing the 

different types of content and offering cus-

tomisable viewing options based on the inter-

ests and time available for the virtual visit. On 

the other hand, in line with the curatorial ap-

proach, it must be presented using language that 

is cognitively inclusive, accessible and under-

standable to the different segments of the audi-

ence for whom the experience is intended. 

Based on these assumptions, the research group 

aims to continue its collaboration with the 

Palazzo Carignano museum to develop content 

that complements and supports the virtual visit 

experience. 

9. CONCLUSION 

In the field of museum visits, virtual tours have, 

as we have seen, experienced impressive 

growth during the pandemic. This has led to 

their use as a substitute for in-person visits, in 

which, however, the connection with the archi-

tecture has been lost in many cases. A museum 

as unique as Palazzo Carignano, a building of 

great artistic value, is not typically used as an 

exhibition space for the visual arts, but rather as 

a testament to the historical events that preceded 

the unification of Italy. 

The focus of this work on the use of architec-

tural space, the specific nature of its rooms, and 

the functions it has assumed over time, as well 

as its furnishings, characterizes the results of the 

research, together with the main objective of 

making spaces available that are not open to vis-

itors or accessible to everyone. 
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ABSTRACT: What does it mean to archive architecture that was never built? 

This paper explores how immersive technologies can transform the historiography 

of architecture by reclaiming unbuilt or lost projects as epistemic spaces. Tradi-

tional archives reduce architectural knowledge to drawings and texts, but digital 

simulations enable a phenomenological reconstruction of spatial experience—an 

embodied encounter with the “unrepresentable” dimension of architecture. Build-

ing on theories of perception, Gestalt, and architectural phenomenology, this study 

examines virtual reconstructions as performative interfaces that generate 

knowledge through experience rather than representation. By addressing the notion 

of “hypothetical heritage,” it argues that virtuality does not merely simulate the 

past: it reactivates it, converting absence into a critical mode of presence. The paper 

situates immersive archives within the broader discourse of digital heritage, pro-

posing virtuality as a legitimate domain of architectural understanding in the age of 

AI and computational creativity. 

 

1. INTRODUCTION 

Architecture has always been mediated through 

representation. Plans, sections, and models are 

not mere technical devices but epistemic instru-

ments through which space is conceived, trans-

mitted, and remembered. Yet, the conventional 

architectural archive—composed of drawings, 

photographs, and documents—inevitably re-

duces architecture to its visual and textual frag-

ments. As Bruno Zevi famously argued, archi-

tecture is not seen in plan or elevation, but in the 

lived experience of space [1, 2]. This phenome-

nological claim exposes a critical paradox: how 

can we know architecture that no longer exists, 

or that was never built at all? 

In the age of digitality and artificial intelligence, 

this question acquires renewed urgency. While 

tools like 3D modelling, photogrammetry, and 

photorealistic rendering are now widely used 

for architectural representation—though more 

often for design and analysis than for historical 

understanding—immersive visualization and 

interactive simulation enable forms of engage-

ment that transcend static media. These new 

tools allow users to inhabit digital spaces and to 

experience architecture as temporal, sequential, 

and embodied: an encounter closer to Architec-

ture itself. Within this context, unbuilt and de-

stroyed works—long confined to the margins of 

historiography, despite being substantial to the 

advancement of the discipline—can be reac-

tivated as experiential archives. 

This paper proposes to examine digital virtual-

ity as a form of knowledge: a means to partially 

reconstruct architectural presence through phe-

nomenological simulation rather than material 

conservation of analog traces. The term 

knowledge here does not refer merely to the ac-

cumulation of information about architectural 

form, but to the process through which meaning 

is constituted in perception. Following Michael 

Polanyi’s notion of tacit knowledge [3], archi-

tectural understanding arises from embodied 

engagement—the “knowing how” that precedes 

any explicit “knowing that.” Likewise, Hus-

serl’s Erfahrung und Urteil [4] situates experi-

ence as the precondition of all conceptual judg-

ment. Within this framework, immersive ar-

chives produce not descriptive data but experi-

ential insight: they operationalize knowledge 

through appearance, orientation, and move-

ment. Virtuality thus reconfigures architectural 

historiography from a discourse of representa-

tion to one of experiential cognition. By situat-

ing this approach within the broader debates on 

digital heritage, post-representational historiog-

raphy, and computational creativity, the paper 

argues for an expanded notion of the architec-

tural archive—one that acknowledges virtual 

reconstructions as critical and epistemic spaces. 
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2. MAIN ASPECTS 

2.1 FROM REPRESENTATION TO 

SIMULATION 

Architectural knowledge has historically been 

mediated through systems of representation: 

drawing, perspective, photography, and, more 

recently, digital modelling. Each of these has 

produced a specific epistemology of space, de-

fining what can be known, preserved, and trans-

mitted. This problem of translation—from the 

abstract language of the drawing to the phenom-

enal reality of the building—was thoroughly ex-

plored by Robin Evans [5]. As Zevi and Evans 

demonstrate, and as phenomenology has long 

argued, architectural representations dissect, 

but they do not synthesize the lived experience. 

It is critical to clarify that the “virtual” is not 

synonymous with the “digital.” In Deleuze’s 

ontology, the virtual designates that which is 

real but not yet actual—an intensive field of po-

tentialities structuring the conditions of emer-

gence [6]. This aligns with the classical etymol-

ogy of the word, which is rooted in potentiality. 

Pierre Lévy later extended this to the digital do-

main, describing virtuality as “a mode of being” 

that demands actualization rather than repro-

duction [7]. 

This apparent overlap is not sufficient to con-

sider the terms interchangeable. We should, 

perhaps, speak of Digital Virtuality: a state 

where the digital is the medium of application 

and virtuality is the “mode” of potentiality be-

ing actualized. Seen through this lens, virtual re-

constructions do not imitate architecture; they 

activate its latent possibilities. The immersive 

archive proposed here, therefore, operates as a 

site of actualization, where the conceptual po-

tential of unbuilt works becomes phenomenally 

accessible. 

This challenges the logic of the modern archive, 

which, as Foucault suggests, is not a neutral re-

pository but a dispositive that orders knowledge 

through visibility and classification [8]. In ar-

chitecture, this logic privileges the image of the 

building, or its quantifiable data, over its expe-

rience. 

The emergence of digital and immersive tech-

nologies confronts this representational para-

digm. While early computer visualization repli-

cated the conventions of drawing, contempo-

rary simulation tools—such as interactive VR 

environments or HBIM platforms—transform 

the act of viewing into a performative and tem-

poral process. The archive becomes an inter-

face: not merely a place where information is 

stored, but a field where spatial knowledge is 

enacted. 

In this sense, virtual reconstruction is not a de-

rivative of the real but a mode of re-presencing: 

the digital reenactment of spatial conditions, at-

mospheres, and perceptual rhythms otherwise 

lost to history. This shift invites a redefinition 

of the archive itself. As Derrida argued in Mal 

d’archive, every act of archiving is haunted by 

the desire both to preserve and to destroy—a 

tension he calls "archive fever" [9]. Hal Foster 

later reframed this ambivalence as an "archival 

impulse," in which contemporary theorists and 

artists transform archival practice into a gener-

ative, performative act [10]. The immersive ar-

Figure 1: This framework distinguishes “Digitalization” (IV)—a static 2D output—from “Virtualization.” 

The matrix (left) shows how virtualization is the only mode of representation that, like the physical 

“Building” (II), can actualize the phenomenological dimension of “Space,” which is lost in all other media 
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chive continues this trajectory: it no longer safe-

guards architectural traces, but performs their 

reactivation. What emerges is a critical form of 

post-archivality, in which knowledge is pro-

duced through the encounter, not merely stored 

for retrieval.  

2.2 THE HYPOTHETICAL HERITAGE 

We propose the notion of “hypothetical herit-

age” based on the recognition that cultural value 

often exceeds material survival. Architectural 

history abounds with projects that, though un-

built, have shaped discourse and imagination: 

from Piranesi’s visions to the utopian projects 

of Ledoux and Sant’Elia. Traditionally, these 

works were transmitted as static drawings—

“paper architectures” that testified to ideas ra-

ther than inhabitable forms, yet still exerted 

enormous influence. 

This concept applies equally to lost architec-

tures that survive only through fragmentary rep-

resentations. A key example is Paul Letar-

ouilly’s monumental survey of the Vatican and 

Rome's Renaissance buildings, which—acting 

simultaneously as survey and reconstruction—

preserved the spatial logic of structures now 

long-altered or destroyed. Following the 2003 

UNESCO Convention on Intangible Heritage 

and the 2005 Faro Convention, heritage studies 

have increasingly acknowledged immaterial 

practices, memories, and knowledges as inte-

gral to cultural identity. Extending this frame-

work to architecture, hypothetical heritage re-

fers to those non-built or lost works whose con-

ceptual potency continues to influence spatial 

culture. Their preservation, therefore, relies not 

on material conservation but on the potential to 

reactivate their experiential dimension through 

digital means. 

Immersive reconstructions, therefore, become 

instruments of critical remembrance, transform-

ing absence into a productive category of cul-

tural resilience. Yet the reactivation of hypo-

thetical heritage also raises ethical and political 

questions. As Rodney Harrison reminds us, her-

itage is never neutral—it is a “mode of cultural 

governance” that frames how societies relate to 

their pasts [11]. In the digital realm, issues of 

authorship, authenticity, and ownership become 

even more complex: who “owns” the recon-

struction of an unbuilt project? What happens 

when algorithmic processes mediate cultural 

memory? These questions compel us to treat the 

immersive archive not simply as a technical 

achievement but as a site of negotiation, where 

competing claims to history, authorship, and 

identity are staged anew. 

2.3 PHENOMENOLOGY AS CRITICAL 

LENS 

To evaluate the epistemic potential of this 

newly defined immersive archive, the paper 

adopts a phenomenological perspective. From 

Husserl’s notion of intentionality to Merleau-

Ponty’s embodied perception [12], phenome-

nology has emphasized that knowledge of space 

arises through experience rather than abstrac-

tion. In architectural thought, this lineage in-

forms the work of Norberg-Schulz, Holl, and 

Pallasmaa, for whom architecture is understood 

as a lived horizon of orientation, movement, and 

atmosphere [13]. 

Immersive simulations invite a re-reading of 

this tradition in the digital age. They do not re-

place the body but extend it—creating what 

Mark Hansen describes as a new corporeal in-

terface [14]. Don Ihde’s post-phenomenology 

provides a useful framework for understanding 

this extension. In Bodies in Technology [15], 

Ihde describes how technological mediation 

neither alienates nor disembodies the subject, 

but multiplies perceptual relations between self 

and world. Similarly, Böhme’s aesthetics of at-

mosphere [16]—a concept with clear parallels 

to Gestalt theory—situates perception as a co-

Figure 2: Paul Letarouilly, plan of St. Peter's 

Basilica (c. 1840-1860). This plate exemplifies 

“hypothetical heritage” as it applies to lost 

architecture. It functions as both a fragmentary 

record (survey) and a critical interpretation 

(reconstruction), preserving a spatial logic that has 

since been altered or destroyed. 
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production between the sensing body and its 

spatial milieu, where the “whole” is perceived 

before its parts. 

The immersive archive exemplifies this rela-

tional ontology: it produces atmospheres that 

are both digitally computed and phenomenally 

lived, generating what might be called a medi-

ated corporeality—a body expanded by the very 

technologies that once seemed to distance it 

from architectural experience. Within virtual 

environments, spatial phenomena such as light, 

sound, and materiality can be reconstituted as 

dynamic perceptual events, allowing users to 

experience the previously "unrepresentable" 

qualities of architecture through mediated pres-

ence. This constitutes a form of digital phenom-

enology: not a substitute for the real, but a way 

of knowing through appearance, engagement, 

and affective resonance. 

2.4 CASE ILLUSTRATION: THE 

VIRTUAL DANTEUM 

To exemplify how immersive reconstruction 

can function as epistemic practice, this section 

presents an ongoing project. The virtual recon-

struction of Giuseppe Terragni’s Danteum 

(1938) serves as a concrete experiment in the 

epistemic potential of immersive archives. Con-

ceived as a spatial translation of Dante’s Divina 

Commedia, the original project remained un-

built, surviving only through a limited set of 

drawings and model photographs. Its radical ab-

straction—geometry as allegory, procession as 

narrative—has long rendered it an emblem of 

architecture’s speculative dimension. Indeed, 

its pure rationalist language, lacking familiar 

references or elements, makes it nearly impos-

sible to grasp scale or perception from the plans 

alone. 

The present immersive reconstruction reani-

mates this latent architecture through a fully 

navigable 3D environment built in Unreal En-

gine 5. The choice of a so-called “game engine” 

is deliberate: it highlights the proximity be-

tween the gaming experience and the pedagog-

ical one we propose. This links the work to the 

classical concept of ludus (play) as a tool for 

learning, an idea explored by thinkers from 

Plato to the Roman orator Quintilian. Rather 

than adopting the first-person “visitor” perspec-

tive (common to both VR and many screen-

based games), this third-person configuration 

positions the user as both observer and partici-

pant, producing a doubled mode of perception 

that mirrors the poem’s own dialectic between 

vision and narration. 

This choice of a third-person perspective, while 

seemingly at odds with first-person phenome-

nology, is a deliberate methodological decision. 

It addresses the “body problem” not through 

haptic simulation, but through representation of 

scale and presence. The visible avatar acts as a 

human proxy or testimone (witness), allowing 

Figure 3: Giuseppe Terragni, plan for the 

Danteum (1938). The primary document of this 

“paper architecture.” Its pure abstraction and lack 

of familiar references render the project's scale and 

phenomenological qualities—such as the 

disorientation of the pillar forest (top left)—

"unrepresentable” in two dimensions. 

Figure 4: Comparison of historical representation 

(Inferno) with the immersive archive. Top: 

Terragni's original perspective rendering. Bottom: 

The UE reconstruction. The addition of the avatar 

and the simulation of dynamic light and shadow 

demonstrate the method's ability to 're-presence' 

the intended phenomenological script of the space 
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the user to observe a body in relation to the ar-

chitecture. This provides an immediate, intui-

tive grasp of proportion, scale, and the spatial 

relationship between the human form and Ter-

ragni’s monumental voids—a form of “vicari-

ous” embodiment. It also serves a practical 

function, allowing the experience to be shared 

and discussed by a group, rather than isolating 

a single user in a VR environment. 

Within this environment, the Danteum unfolds 

not as a static monument but as a phenomeno-

logical script: the progression from the In-

ferno’s darkness to the Paradiso’s luminosity 

becomes a lived, temporal sequence mediated 

through spatial thresholds, acoustic cues, and 

material atmospheres. The reconstruction 

thereby transforms Terragni’s unrealized pro-

ject into an experiential hypothesis—a per-

formative enactment of his architectural poetics 

rather than a mere visualization. This immer-

sive enactment yields specific epistemic in-

sights unavailable from the static plans. For in-

stance, while the drawings suggest the “In-

ferno” is dark, the simulation allows one to ex-

perience the phenomenological script of light's 

variation during the threshold transition. More 

critically, the “forest” of pillars at the entrance, 

often read as a simple formal device, is revealed 

in the simulation as a powerful instrument of 

disorientation; the user experiences this loss of 

direction in real-time, as the original poem sug-

gests and the architect probably intended. This 

is not the static, “retinal” architecture that phe-

nomenologists rightly critique. Rather, it is a 

dynamic, sequential engagement of vision—the 

change in light and exposure during move-

ment—that is fundamental to ancestral embod-

ied cognition. As such, the Virtual Danteum 

demonstrates how immersive archives can op-

erate as instruments of historical inquiry, ena-

bling researchers to test and interpret the per-

ceptual logic of unbuilt works. What emerges is 

not a simulation of Terragni’s architecture, but 

a critical re-presencing: an interpretative space 

where historical imagination and digital phe-

nomenology converge. 

3. CONCLUSION 

The progressive convergence of digital technol-

ogy, artificial intelligence, and architectural his-

toriography compels a reconsideration of what 

it means to preserve, study, and transmit archi-

tectural knowledge. This paper has argued that 

virtual reconstruction should not be understood 

as a form of illusion or simulation of the real, 

but as an epistemic practice capable of reac-

tivating the experiential dimension of architec-

ture. By transforming the archive from a static 

repository into an immersive interface, digital 

environments enable a performative under-

standing of architectural heritage—one 

grounded in perception, temporality, and em-

bodied cognition. 

Through the notion of hypothetical heritage, the 

study repositions unbuilt or lost projects within 

the field of digital heritage, proposing that ab-

sence itself can become a source of knowledge. 

The virtual archive thus operates as a site of crit-

ical reconstruction. 

This reconstruction is, fundamentally, a herme-

neutic act. Given that the records of hypothet-

ical heritage are often partial or fragmentary, 

the work is never a neutral technical task but an 

“interpretation”. This task demands a specific, 

disciplinary saper fare (know-how). It is not ar-

chaeology, which typically builds upon physi-

cal traces, nor is it traditional history, which is 

often more strictly bound to textual sources. 

Neither is it the work of a 3D artist, who retains 

the freedom to invent without disciplinary con-

straints. This reconstruction is a job for the ar-

chitect, the architectural historian, and the theo-

Figure 5: Comparison of historical representation 

(Purgatorio) with the immersive archive. Top: 

Terragni's original perspective rendering. Bottom: 

Corresponding view from the UE reconstruction. 

The visible avatar, acting as a testimone (witness), 

transforms the static scene into a performative 

interface, providing an intuitive grasp of the 

monumental scale 
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rist, as it is akin to developing a “project” (pro-

getto)—a critical proposal that synthesizes frag-

mentary evidence into a coherent, experiential 

hypothesis. 

Phenomenology offers a coherent lens through 

which to interpret this transformation. The ad-

vent of generative AI further complicates this 

epistemic terrain. Algorithmic reconstruction 

does not merely automate modeling; it intro-

duces a new form of computational imagina-

tion, where the system learns spatial logics and 

generates plausible but non-existent architec-

tures. As Mario Carpo notes, this constitutes a 

“third digital turn,” in which machines partici-

pate in design cognition [17]. The immersive ar-

chive thus becomes dialogical: a site where hu-

man (interpretive) and machine (generative) in-

telligences co-produce architectural meaning. 

The question shifts from what we can recon-

struct to how we can collaborate with algorith-

mic processes in re-enacting architectural 

memory. 

Immersive archives do not replicate reality but 

stage it anew, revealing how spatial understand-

ing arises from the dynamic interplay between 

body, perception, and technology. The Virtual 

Danteum, for instance, underscores the proposi-

tion that virtuality, when understood as epis-

temic reactivation, can transform architectural 

historiography from an act of recovery into one 

of creation. By re-staging Terragni’s unbuilt vi-

sion as a navigable experience, the immersive 

archive operates not only as a vessel of memory 

but as a site of thought—an experiment in how 

architecture continues to think through us, even 

when it was never built. This points toward a 

future phenomenology of the digital, one that 

conceives virtuality not as a surrogate of the 

physical but as an autonomous and legitimate 

mode of knowing architecture, where the ar-

chive itself becomes a living thought-space. 
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ABSTRACT: This paper develops a methodological reflection on strategies for 

enhancing the wooden models created by professor Giovanni Curioni in the second 

half of the nineteenth century, aimed at investigating the structural principles un-

derlying architectural and engineering forms. The study examines the academic col-

lection preserved at the Department of Structural, Building, and Geotechnical En-

gineering of the Politecnico di Torino, which includes over 140 scale models de-

rived from the books L’arte di fabbricare (1867–1885), conceived as didactic in-

struments for the emerging discipline of construction science, in which Curioni was 

a pioneer in Italy. Within the framework of the university’s Third Mission, the re-

search promotes the creation of a Virtual Museum to disseminate and valorize pol-

ytechnic collections through digital platforms and interactive interfaces. The inte-

gration of holographic technologies enables the transformation of manuals and 

models into dynamic, three-dimensional projections, fostering new modes of 

knowledge transmission. Preliminary applications to selected models from the Cu-

rioni Collection highlight the interpretive and narrative potential of holographic 

representation as a medium for contemporary scientific and cultural communica-

tion. 

 

1. INTRODUCTION (MMB) 

Research has been carried out on Giovanni 

Curioni's collection of wooden models, which is 

preserved at the Politecnico di Torino's 

Department of Structural, Building and 

Geotechnical Engineering (DISEG). This 

research explores the role of Drawing as a 

cognitive and tactile infrastructure for 

knowledge. An operational system for the 

enhancement of academic heritage has been 

developed through an integrated process of 

surveying, modelling, digitisation, 3D printing 

and holographic projection. The project 

emphasises the importance of striking a balance 

between digital mediation and physical 

tangibility, which includes returning the 

original models to educational settings. 

Representation is interpreted as a cyclical 

process in which drawing connects material 

memory and technological innovation to 

generate shared, inclusive knowledge.  

This contribution offers a methodological 

reflection on the enhancement of analog models 

created in the second half of the 19th century. 

His work aimed to explore the structural 

essence of architectural and engineering forms. 

The collection includes over 140 scale models 

derived from illustrations in Curioni’s seminal 

work L’arte di fabbricare (1867–1885), 

conceived as a scientific aid for teaching 

construction science, a field in which Curioni is 

considered a pioneer in Italy. 

The research, aligned with the goals of the 

university’s Third Mission, seeks to promote 

and disseminate knowledge of polytechnic 

collections through the creation of a Virtual 

Museum with the aim of stimulating and 

encouraging a return to reading physical models 

and a deeper and more conscious material 

contact with them. This museum will host 

information models and digitized documents, 

accessible through multiple platforms - web 

repositories, physical and digital interfaces - to 

reach a broad and diverse audience. The Curioni 

collection is thus reinterpreted as a 

contemporary communication tool, where 

manuals and models are transformed into 
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"virtual and dynamic projections" through new 

representational technologies. 

Central to this transformation can become the 

use of holography, a technology based on light 

diffraction and interference that produces 

highly realistic three-dimensional images. 

Holographic devices such as tables, display 

cases, and projectors enable immersive 

environments in which images and stories are 

projected, creating new experiential realities. 

This new research phase investigates the 

potential of holographic reproduction, user 

interaction with holographic artifacts, and how 

visual representation techniques support this 

intangible but spatially and materially grounded 

form of communication. A preliminary 

application to selected models from the Curioni 

Collection highlights the narrative and 

interpretive opportunities enabled by 

holographic display.  

2. ORIGINS, MOTIVATIONS AND 

KNOWLEDGE PATTERNS FOR THE 

RESEARCH (MMB) 

The research on the Curioni Collection was 

developed within the domain of Survey and 

Drawing, which is concerned with the 

"generation, construction and analysis of 

drawings, images and models as the results of 

scalar representations of existing or designed 

realities" and the "visual translation of concepts, 

ideas and narratives". 

In this epistemic framework, Drawing is 

conceptualised as a cognitive language and a 

medium for mediating the relationship between 

the tangible world and its informational 

translation. 

The collection of wooden models created by 

Giovanni Curioni in the 19th century as 

educational aids for construction constitutes a 

technical and educational heritage that is unique 

in terms of quality and completeness (Figure 1). 

The objective of the research was to restore the 

models to their original function as tools of 

knowledge. This was achieved by reinterpreting 

them in the contemporary digital context and 

placing them at the centre of a process of 

representation that combines documentation, 

communication and, ultimately, teaching. 

The activity forms part of a multi-year process 

of enhancing the technical and scientific 

heritage of DISEG, which commenced with the 

Mosca Library [1] and continued with the 

Porcheddu Archive [2]. These experiences have 

facilitated the experimental development of 

methodologies for the surveying and 

digitisation of historical technical documents, 

thereby establishing the theoretical and 

operational foundations for the more complex 

digitisation of the Curioni Collection. 

The most recent phase of the process was 

represented by the experimentation conducted 

on the Betta-Bardelli Archive [3], which saw 

the consolidation of the methodology and its 

expansion to the field of the representation of 

constructive memory. 

 
Figure 1: Classification of models  

in the Curioni collection. 

In this continuum, the Curioni Collection 

constitutes the central axis of a research project 

that has confirmed drawing into a cognitive and 

disciplinary infrastructure, capable of 

connecting the history of technical knowledge 

to its contemporary digital reinterpretation. The 

objective was twofold: firstly, to document, and 

secondly, to reactivate the models as formative 

and perceptive devices. In doing so, drawing, in 

the broadest sense of the term and in its original 

form, was placed at the centre of the process of 

knowledge. 

2.1 METHODS AND OPERATIONAL 

TOOLS (MMB) 

The operational process involved three primary 

methods of surveying and modelling, which 

were executed concurrently [4]. 
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The acquisition of the subject was undertaken 

with the employment of a precision laser 

scanner, with the objective of producing high-

density three-dimensional point models for the 

purpose of conservation documentation. 

The utilisation of smartphones equipped with 

LiDAR cameras facilitates low-cost surveying, 

a technique that is conducive to the expeditious 

and replicable acquisition of data for 

educational and informational objectives. 

The reconstruction of the artefacts was 

simultaneously informed by Curioni's original 

drawings, which are contained in the volumes 

entitled L'arte di fabbricare (The Art of 

Manufacturing). The geometric reconstruction 

was based on historical sources. 

These methods were complemented by 

traditional direct surveying techniques, utilising 

instruments such as squares, calipers, and 

metres, which served as a training aid to instruct 

students in the requisite knowledge for accurate 

measurement and representation. The 

educational approach commenced with a 

reduced scale model of the artefacts, fostering a 

foundation for students to develop proficiency 

in measurement and representation at a smaller 

representation scales. 

The plurality of approaches adopted has 

enabled the consolidation of the concept of 

drawing as a comparative process, which 

integrates tools, scales and languages to 

facilitate an integrated understanding of the 

object (Figure 2). 

Operationally (see. Cap. 3), the processing was 

carried out using Polycam Pro, Rhinoceros 3D, 

Blender and Revit for geometric and 

informational modelling, while the publication 

of the models on Sketchfab allowed them to be 

disseminated on the web with metadata and 

descriptive sheets. 

The 3D printing of the digitised models 

represented the phase of returning to the 

material: a cognitive and educational act rather 

than a reproductive one. This made it possible 

to verify the geometric consistency and restore 

the physical perception of the form. 

Concurrently, the reintroduction of the original 

wooden models to the students' desks in the 

courses taught by professors Ursula Zich and 

Martino Pavignano (third year of the 

Architecture degree programme) served to 

reinforce the connection between tactile 

experience, observation and representation, 

thereby restoring drawing to its original 

function as a sensory cognitive practice. 

 

 
Figure 2: Survey processes: a matter of integrative 

techniques in a knowledge system. 

As a preliminary conclusion to the research 

process, commercial low cost disseminastion of 

holographic projection technology has paved 

the way for a novel form of immersive and 

synaesthetic representation, characterised by 

the utilisation of digital models. Despite the 

absence of weight, the hologram restores the 

three-dimensionality of the form in real space 

and strengthens the perceptual relationship with 

the physical object, posing significant problems 

of scale representation and graphic codes for 

perception and interaction with projected 

models, through appropriate interfaces. This 

phase thus brings the methodological cycle of 

the research to a conclusion, confirming that 

digital mediation does not negate matter, but 

rather serves to amplify its understanding and 

cognitive value [5]. 
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2.2 EXPERIMENTATION WITH 

HOLOGRAPHIC IMAGES (MMB) 

The most recent updated outcome of the re-

search process was experimentation with holo-

graphic images, which served as a phase of re-

flection on the very nature of representation. 

The hologram, understood as a three-dimen-

sional image generated by light and perceived 

in real space, takes the form of a complex pro-

jection, in which the visible form does not exist 

in itself, but is reconstructed by the observer 

through an active perceptual process. 

It is evident that two primary classifications of 

holography exist, which differ in terms of their 

fundamental nature, underlying principles, and 

methodological value. 

The first, more widespread, is that based on ret-

inal memory: the persistence of the image on 

the retina allows visual perception to recon-

struct the continuity of a figure that does not ac-

tually exist materially. 

This phenomenon is exemplified by rotating 

LED devices (3D Hologram Fan), which project 

a sequence of two-dimensional images in rapid 

succession into space. 

The visual system, incapable of perceiving tem-

poral discontinuity, integrates successive pro-

jections into a stable figure that appears sus-

pended and three-dimensional. 

The holographic image thus arises as a percep-

tual event, rather than a physical object, and its 

three-dimensionality is the result of a mental 

construction based on visual memory. 

From a disciplinary perspective, this form of 

holography is considered to be part of the tradi-

tion of drawing, referred to as a "synthetic vi-

sion". This is defined as an act of image recom-

position through the perception of time and 

movement. 

The perceptual hologram is not a geometric pro-

jection; rather, it is a cognitive reconstruction 

that renders visible the ability of drawing to 

translate the dynamics of form into visual expe-

rience. 

The second mode is of a geometric-constructive 

nature and is distinct in that three dimensional-

ity is not attributed to retinal persistence, but ra-

ther to the spatial recomposition of multiple 

simultaneous projections. 

In this instance, holographic reconstruction is 

based on a principle analogous to that of de-

scriptive projections: a three-dimensional ob-

ject is represented by four images, placed at the 

vertices of an optical tetrahedron. 

The arrangement of the four views, set at 90° 

and reflected on semi-transparent surfaces, 

combines visually at a point of intersection, 

thereby rendering an actual spatial configura-

tion. 

In this case, the hologram is not perceived as an 

imagined figure, but as a real geometric figure 

in space, generated by the convergence of or-

thogonal or perspective projections. 

The methodological shift is of pivotal signifi-

cance: we transition from the act of projection 

to that of object, from the drawing that serves as 

a representation of form to the image that me-

ticulously reconstructs it. 

From a disciplinary perspective, this signifies 

that holography transcends its traditional role as 

a mere advanced form of representation, instead 

emerging as a three-dimensional synthesis of 

projections. This assertion positions it as a sig-

nificant model within the broader history of the-

ories of vision and the construction of space. 

The distinction between perceptual and con-

structive holography provides a methodological 

framework for interpreting drawing as a me-

dium that transcends conventional boundaries, 

thereby facilitating the transition from surface 

to light, from two-dimensional plane to three-

dimensional volume, and from the act of draw-

ing to its representation as an image. 

In the initial case, representation is considered 

to be a perceptual act, whereby form manifests 

itself in the retinal continuity of movement. 

In the second, it is a geometric act: form is gen-

erated by the convergence of projections, as in 

descriptive construction or informative model-

ling. 

The two modes articulate the interdisciplinary 

and cognitive essence of drawing. 

The perceptual hologram is the consequence of 

the synesthetic and temporal dimension of rep-

resentation, whereby the image is the result of 

active vision and a bodily experience of space. 

Conversely, the constructive hologram serves to 

reinvigorate the tenets of descriptive geometry, 

translating the theory of projections into a dy-

namic three-dimensional system, wherein sec-

tions and shadows metamorphose into planes of 

light interference. 

From this standpoint, holographic representa-

tion can be regarded as a novel form of projec-

tion and section: light substitutes the line, trans-

parency becomes the plane of intersection, and 

space itself becomes the support of representa-

tion. 

The section is no longer a static cut, but rather a 

field of light crossing; the projection is no 

longer the reduction of form on the plane, but 

its expansion in real space. 
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The configuration of the holographic image as 

an act of three-dimensional drawing is therefore 

achieved, resulting in a visual construction that 

facilitates the establishment of a unified percep-

tual space for both the observer and the object. 

3. DEMATERIALISATION OF CURIONI 

MODELS (MPV&ER) 

The process of surveying and digitising wooden 

models is part of a research project dedicated to 

the enhancement and digital preservation of the 

Curioni Collection. The aim of this project is to 

define a method for managing and archiving 

three-dimensional models based on the FAIR 

principles (Findable, Accessible, Interoperable, 

Reusable), with a view to ensuring the 

interoperability, traceability and long-term 

preservation of digital data [6]. The activity was 

therefore focused on the documentation and 

conservation of the artefacts, allowing them to 

be consulted by the public and enjoyed online, 

with the aim of creating a virtual museum and 

transforming them into tools for widespread and 

participatory knowledge. Digital technologies 

generate new ways of accessing and relating to 

cultural heritage, fostering a broader dialogue 

between people and objects and redefining the 

way the public engages with collections [7]. 

The first phase involved three-dimensional 

scanning of the models using the Polycam Pro 

application, based on a photogrammetric 

process that combines high geometric accuracy 

with an efficient and replicable procedure. The 

acquisition was carried out through automatic 

video recording, from which the software 

extracted sequences of images at regular 

intervals, processed to generate the point cloud 

and three-dimensional mesh.  

The use of mobile devices and photogrammetry 

and videogrammetry techniques allows three-

dimensional models of good accuracy to be 

obtained with rapid and automated procedures 

(Figure 3), thanks to the photogrammetric 

processing of video frames without the need for 

complex interventions by the operator [8].

 
Figure 3: Visualization of the digital model in a 

mobile environment. 

For each survey, the maximum detail 

parameters were set, enabling the “use object 

masking” option to isolate the model from the 

support surface and surrounding elements. 

Uniform lighting and a constant shooting 

distance ensured the photometric homogeneity 

necessary for the correct texturing of the model. 

Once the mesh generation was complete, 

cleaning and finishing were performed directly 

within Polycam, using the ‘Crop Box’ 

command to remove background residue or 

unwanted portions and obtain a clean, centred 

geometry (Figure 4).  

This preliminary optimisation phase allowed 

the digital model to be refined and prepared for 

the modelling and publication phase. Following 

cleaning, the files were exported in ‘.obj’ and 

‘.fbx’ formats and stored in a dedicated folder 

structure, which also contained the photographs 

taken during the survey and the cropped 

versions. Each model was accompanied by a 

direct link to the relevant Historical Collection 

of the Polytechnic University of Turin, so as to 

create a correspondence between the physical 

object, its digital replica and the archival 

documentation. 

The subsequent operations were carried out in 

Rhinoceros 3D, where the meshes were 

imported to create the support base using the 

surface extrusion command (Figure 5). The 

base has a dual function: on the one hand, it 

closes the lower face, which was not 

photographed and therefore not reconstructed 

by the mesh, and on the other hand, it provides 

a unified dimensional reference for all 

reproductions. 

At this stage, a transparent virtual display case 

was also added, with a protective and museum 

enhancement function, as well as a graphic 

scale indicating the main measurements, useful 

for restoring the actual proportions of the 

artefact. 
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Figure 4: Visualization of the digital model in 

Polycam – the “Crop Box”. 

Once the complete group, consisting of the 

wooden model, the base and the display case 

with measurements, had been defined, it was 

exported in ‘.fbx’ format, suitable for online 

publication. The platform chosen for 

dissemination was Sketchfab, which allows 

interactive three-dimensional models to be 

viewed directly from a browser, while 

maintaining textures and geometric information 

(Figure 6). 

 

 
Figure 5: Visualization of the digital model in 

Rhinoceros 3D. 

After uploading, the models underwent a visual 

optimisation process, which included adjusting 

the lighting, colouring the base and creating 

descriptive annotations using interactive labels 

containing technical information, high-

resolution photographs and direct links to the 

Politecnico's Historical Collections website. 

The integrated annotations make the model not 

only a three-dimensional object, but also a real 

information support, through which it is 

possible to combine spatial representation with 

the consultation of detailed data and images. 

 

 
Figure 6: Visualization of the digital model in 

Sketchfab. 

The publication of Curioni's models on open 

platforms such as Sketchfab can be interpreted 

as a form of distributed digital archive, in which 

visual documentation, descriptive metadata and 

provenance information help to ensure the 

authenticity, traceability and scientific 

accessibility of the digitised heritage, 

prolonging its usability and cognitive function 

over time [9]. 

Following online publication, the digitisation 

project was extended to include three-

dimensional holographic visualisation using a 

3DHologramFan, a device based on high-speed 

rotating LEDs capable of generating images 

suspended in space with a depth effect. After 

modelling and publication, an orbital video was 

created with the model rotating around its own 

axis, useful for representing the object in 360 

degrees. This video was imported into the 

SpinDisplay application, software dedicated to 

managing the contents of the holographic fan, 

which allows for its synchronisation and 

projection in real space. In this way, the 

collection has become not only a digital archive, 

but also accessible to the public through a visual 

and interactive installation capable of rendering 
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the three-dimensional perception of the model 

and projecting it in holographic form. 

4. OUTCOMES, IMPACT AND 

PROSPECTS (MMB) 

The project's methodological elements are 

characterised by a diversity of skills, ranging 

from digital representation to diagnostics, 

documentation to geometric surveying, and 

information modelling, construction 

engineering to visual communication [10]. This 

diversity aligns with the interdisciplinary 

approach characteristic of the Drawing 

disciplinar sector, where graphic representation 

is conceptualised as a scientific, cognitive and 

communicative language, adept at integrating 

diverse forms of knowledge into a unified 

cognitive and representational process. The 

research has yielded substantial results across 

multiple domains, establishing a robust and 

replicable methodological framework for the 

documentation and enhancement of academic 

assets [11]. 

From a scientific perspective, the triangulation 

between laser scanners, LiDAR and modelling 

from historical drawings has enabled the 

comparison of accuracy and survey times, thus 

establishing a validated protocol that can be 

transferred to other archives and collections. 

The incorporation of thermographic 

investigations has led to the establishment of a 

novel diagnostic level, thereby demonstrating 

the potential for drawing to extend to the 

domain of material and structural knowledge. 

From a disciplinary standpoint, the research 

reinforces the notion of drawing as a dynamic 

instrument for the acquisition of knowledge and 

the interpretation of ideas. The dialectic 

between the digital and the tangible, as 

evidenced by the transition from modelling to 

3D printing, and the reintroduction of wooden 

models in lessons, demonstrates that 

representation does not merely substitute for 

matter; rather, it serves to revitalise its 

perceptual and cognitive significance. The act 

of drawing, therefore, becomes a cyclical 

process: from the real to the digital and back 

again, in a continuous dialogue between 

observation and reconstruction. 

The experience has resulted in the 

establishment of an integrated teaching model 

at educational and cultural levels. This model 

combines technical knowledge with direct 

experience of the artefact, thereby facilitating a 

holistic learning approach. The integration of 

conventional surveying techniques, digital 

modelling methodologies and holographic 

visualisation has been instrumental in 

cultivating an understanding among students of 

representation as a critical, measured and 

interpretative act. 

The research on the Curioni Collection, in 

conjunction with earlier studies of the Mosca 

Library and the Porcheddu Archive, and 

ongoing research in the Betta-Bardelli Archive, 

establishes a cohesive trajectory. In this 

trajectory, the act of drawing is recognised as a 

medium for the transmission of knowledge and 

as an integral component of the disciplinary 

infrastructure that underpins technical and 

scientific heritage. Representation, in its 

complete cycle from the real to the virtual and 

back again, becomes the locus where science, 

culture and memory meet, thus restoring 

drawing to its original function as a tool for 

understanding and transmitting knowledge. 

It is evident that, through these experiments, 

design reaffirms its ability to adapt to 

contemporary languages of representation, 

while maintaining its epistemic nature. 

Drawing, as a discipline, is one that, while 

transforming its tools, continues to deal with the 

relationship between space, vision and 

knowledge. 

Holography, in its various forms, thus becomes 

the contemporary heir to projection and section, 

not as a substitute for descriptive geometry, but 

as its luminous and perceptive evolution, 

capable of translating the theory of drawing into 

the logic of light and vision. 

The digitisation of the Curioni Collection has 

enabled the development of a methodological 

model that integrates the precision of surveying, 

the geometric consistency of modelling, and the 

communicative power of digital representation. 

The transition from documentation to 

interaction — from 3D surveying to 

holographic projection — marks an evolution of 

drawing as a cognitive language capable of 

extending from the represented space to the 

perceived space (Figure 7). 

Representation is no longer regarded as a closed 

product (as it seems in archives and 

collections), but rather as a shared process, in 

which the digital model becomes a node in an 

information network that can be consulted, 

commented on and reproduced. 
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Figure 7: An operating system for heritage 

valorization has been developed to manage analog 

models into modern communications tools. This 

cyclical process connects tangible memory with 

digital innovation. 

 

Figure 8: Example of a model of a complete suit of 

armour, known as suspended armour, with wooden 

fittings (Modello di una armatura completa, detta 

sospesa con ferramenta in legno), 40x76x20 cm, 

Inv. 47 (1865-1887, DISEG); A –original wooden 

model; B - 3D printed model; C – holographic 

model; D – polycam model; E – sketchfab model). 

The utilisation of cost-effective technologies 

and open platforms, such as Sketchfab, has 

rendered models accessible and interoperable, 

thereby translating the FAIR principles into an 

operational paradigm of openness and 

traceability (Figure 8).  

This finding serves to substantiate the assertion 

that drawing functions as a conceptual 

instrument, serving both as a conduit for 

comprehending form and, concomitantly, as a 

medium for the edification of knowledge 

surrounding it. Experimentation with 

holographic projection has engendered a novel 

paradigm in the realm of disciplinary reflection 

in this applied research. 

This experimentation serves to restore the 

original function of drawing as an instrument of 

integral knowledge, capable of mediating 

between sensory experience and theoretical 

construction. 

In terms of future prospects, the project offers a 

replicable model for the construction of 

dynamic digital archives and interactive virtual 

museums. In such a scenario, three-dimensional 

and holographic representation would become a 

common language of access, study and 

dissemination. 

The Curioni Collection provides a compelling 

illustration of how the digitisation process, 

guided by the meticulous delineation of 

drawings, can not only accurately restore the 

physical form of models but also their original 

function as instruments for thought, 

comprehension and the dissemination of 

knowledge, in this case pertaining art of 

construction. 
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