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ABSTRACT: Perspective restitution is a method for reconstructing the spatial
layout depicted in a painting since the 17" century by reversing the perspective
techniques used in its creation. Modern technologies have streamlined the process,
enabling the creation of navigable 3D models that reveal insights into artists’ per-
spective techniques and the evolution of representation. Augmented reality (AR)
enhances these analyses by aligning the painting’s perspective with an immersive
3D reconstruction, allowing users to ‘enter’ the depicted space. While architectural
elements are easily modelled due to their geometric structure, representing land-
scapes in AR poses challenges, such as maintaining atmospheric coherence and op-
timizing real-time rendering. Al tools can address this by extending painted land-
scapes seamlessly, preserving their visual style and consistency. A practical appli-
cation of these methods is seen in the study of Annunciazione Ranieri (1487-1489)
by Pietro Vannucci, known as Perugino, where perspective restitution and Al re-
construct its complex architectural space and surrounding landscape. The perspec-
tive restitution, enhanced by Al for the landscape generation, becomes a powerful
tool for the technical, compositional, and symbolic study of Renaissance works.

1. INTRODUCTION

Perspective restitution is an investigative
method that enables the reconstruction of the
space depicted in a painting based on
perspective techniques, using a reverse process
to the creation of the image. This approach
relies on certain hypotheses tied to the critical
interpretation of architecture, such as
determining the orthogonality of elements,
symmetry, and the use of recurring forms [1].
The ‘inverse problem of perspective’, which
forms the basis of perspective restitution, is an
application of Descriptive Geometry developed
in the 17th century. Already in use at the time
for the critical analysis of paintings, it enables
the identification of the Vanishing Points and
the Centre of Projection in a perspective scene
[2].

Technological advances have made this process
faster and more accessible, allowing for the
generation of navigable 3D models of the
pictorial space. Current research highlights
applications of these technologies in both the
analysis of paintings [3-7] and educational
contexts [8].
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By performing a perspective analysis of a
painting, it is possible to develop a 3D model of
the architectural space represented, shedding
light on the artist’s choices, their mastery of
perspective, and the broader evolution of
representational techniques. Furthermore, such
3D models can facilitate the dissemination of
analytical findings using technologies like
augmented reality (AR) [9]. AR proves
particularly effective in these contexts by using
the painting as a visual target and simulating a
breakthrough of the canvas, creating the illusion
of a window into the depicted space. When
viewed through an AR device, users positioned
at the Projection Centre of the painting’s
perspective can verify the alignment between
the perspective structure of the artwork and the
‘augmented’ representation [10].

Spatial restitution can be applied to elements
that exhibit identifiable geometric patterns,
such as those defining architectural structures.
These architectural features are often set within
a landscape that, while secondary to the
architecture, plays a crucial role in enclosing the
visual space and enhancing the atmosphere and
emotional expressiveness of the scene [11].
However, representing the landscape in AR
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poses challenges, as modelling it could place
significant demands on real-time rendering
performance and fail to maintain the
atmospheric coherence of the original painting.
A potential solution is to treat the landscape as
a two-dimensional backdrop derived from the
painted portion. The challenge, then, is to
extend this backdrop sufficiently to cover areas
beyond the augmented space, accommodating
perspectives from different viewpoints.

In this context, image-to-image artificial
intelligence (Al) can play a significant role [12].
While not yet capable of replacing human
expertise in the critical interpretation phase of
perspective restitution, Al can assist in
completing the representation of landscapes. It
can ensure continuity in the figurative repertoire
and pictorial style, extending the painted
landscape seamlessly beyond the original
boundaries.

A concrete example is the analysis of the
Annunciazione Ranieri (1487-1489), a panel
painting by Pietro Vannucci, known as
Perugino, housed in the National Gallery of
Umbria (Fig. 1). In this work, the encounter
between the Archangel Gabriel and the Virgin
Mary unfolds within a complex architectural
space, framed by a hilly and lake landscape
visible through two arches supported by pillars.
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Figure 1: Pietro Vannucci  (Perugino),
Annunciazione Ranieri, 1487-1489, tempera on
wood, 56 x 42 cm, National Gallery of Umbria,
Perugia (photo by Haltadefinizione,© Galleria
Nazionale dell’Umbria, Perugia).

The perspective restitution of this scene,
enhanced by Al, not only allows for the
exploration and study of the architectural space
but also enables the digital reconstruction and
extension of the landscape. This approach
serves as a powerful tool for the technical,
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compositional,
Renaissance art.

2. FROM THE PICTURE TO THE 3D
MODEL

The  perspective  restitution  of  the
Annunciazione Ranieri was carried out using a
high-resolution image provided by the National
Gallery of Umbria. Rhinoceros software was
employed for the two-dimensional perspective
analysis and subsequent NURBS modelling of
the architectural forms.

Once imported into the software, the painting’s
image was scaled according to its actual
dimensions (56 x 42 cm), and the horizontality
and verticality of the lines were verified. Minor
misalignments, likely caused by the condition
of the wooden panel or its preparation, were
considered acceptable or averaged.

The first step involved creating a ‘diplomatic’
redrawing, in the philological sense of the term
[13], of the main architectural lines, human
figures, and decorations. The floor was drawn
last, with forced alignments to reconstruct its
geometry and complete sections obscured by
the figures. Forcing these alignments required
minor adjustments, in the range of fractions of a
millimetre, which did not affect the overall
analysis (Fig. 2).

and symbolic analysis of

Figure 2: ‘Diplomatic’ redrawing of the
Annunciazione Ranieri (authors’ elaboration).



The redrawing process enhances understanding
of the depicted elements. In this study, it
revealed some misalignments in the
architectural lines on the painting’s left side,
potentially caused by the warping of the panel,
which slightly disrupted the horizontality of
certain elements.

From the redrawing, the convergence of lines
representing horizontal edges perpendicular to
the Picture Plane (the painted surface) was
traced to locate the Principal Point P’. This
operation identified not a single Vanishing
Point but a convergence area of approximately
6 mm, corresponding to a dome depicted in the
landscape background. The Horizon line h was
determined using the landscape’s visible
waterline. This Horizon facilitated fixing the
Principal Point's vertical position (y), leaving
only the horizontal (x) coordinate to be defined.
The Principal Point was thus identified on the
Horizon, at the centre of the convergence area
(Fig. 3).

Once P’ was established, lines from previously
identified elements were traced towards the
Vanishing Point of horizontal edges, which in
central perspective coincides with the Principal
Point. This operation regularised the earlier
process of locating P’

The Principal Point is nearly centred along the
panel’s width but does not establish
compositional symmetry. Vertically, it is
positioned below the panel’s midpoint, making
the Horizon slightly lower than halfway down
the panel. The Horizon’s height, representing

DPI’

the designed observer’s eye level, exceeds the
height of the two human figures depicted. Given
the Horizon’s height, the figures’ dimensions,
and the architecture’s scale, the latter appears
undersized relative to the architectural type
portrayed.

The Focal Distance, which measures the
observer’s distance from the Picture Plane, can
be visualised using the Distance Circle (the
locus of points where infinite rotations of the
Projection  Centre  occur). In  central
perspectives, the Distance Circle is determined
through Measuring Points for lines oriented at
45° to the Picture Plane (also called Distance
Points) since their Vanishing Points will lie on
this circle. Squares and their diagonals can be
used to identify such 45° lines.

Defining the Focal Distance and locating the
Projection Centre is crucial for perspective
analysis for several reasons. It determines the
viewing distance designed by the artist for
optimal perspective illusion and reveals
whether this consideration influenced the
painting’s construction. Finally, the Projection
Centre is fundamental for reconstructing the
pictorial space in perspective restitution.

It is important to note that in the 15th century,
the concepts of Focal Distance and Distance
Points (the intersections between the Distance
Circle and the Horizon) had not yet been
theorised. De prospectiva pingendi, the most
geometrically advanced treatise of the period,
describes constructing squares in perspective
using their diagonals but does not explicitly

Figure 3: Analysis of the perspective setting (authors’ elaboration).
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address Distance Points or the Horizon line.
While a perspective grid of squares constructed
correctly via diagonals suggests coherence, this
does not guarantee consistency across all
architectural elements.

In the case of the Annunciazione Ranieri, 45°
lines were identified using the flooring,
hypothesised as consisting of square elements.
By examining visible squares closest to the
viewer, imprecision from distant blurring was
minimised. The diagonals of these squares were
extended to the Horizon. Although the
identified Distance Points on the Horizon do not
perfectly coincide, the deviations are minor and
likely stem from slight inaccuracies in the
artwork’s construction or the perspective
analysis process — amounting to 25 mm for the
right Distance Point DPr’ and 6 mm for the left
DPI’.

To ensure a consistent perspective restitution,
average positions for the ideal Distance Points
were established, balancing the deviations of
the objective points. These ideal points were
placed at 76 cm from the Principal Point,
defining the Focal Distance (Fig. 3). This
distance does not share a significant ratio with
the panel’s width but aligns well with the
approximate diagonals of the painted squares.
Further analysis revealed that the diagonals of
other assumed square elements — such as the
bases and capitals of central pillar dividing the
landscape — did not converge at the same
Vanishing Point as the flooring. Instead, they

diverged significantly, suggesting
inconsistencies between the perspective of
architecture and the tiled floor. This observation
raises questions about the overall perspective
construction and highlights how coherence in
the flooring does not necessarily extend to other
architectural elements.

The Ground Line g was positioned to serve two
purposes: to establish a reference height for
scaling the restitution and to provide a
horizontal base for characters and structures in
the 3D model. The Ground Line’s placement
does not affect the perspective restitution except
in terms of the model’s scale. In this study, the
Ground Line was placed at the panel’s lower
edge to align the reference plane of the 3D
model with the painting’s bottom edge,
facilitating future AR applications.

The results of the described perspective analysis
are indispensable for reconstructing the
pictorial space. Specifically, the Principal Point
and Focal Distance define the Projection
Centre.

Thanks to the Principal and Distance Points, the
observer’s position — i.e., the Projection Centre
of visual rays — has been established (Fig. 4).
The Ground Line defined the position of the
Ground Plane, the horizontal reference plane
corresponding to the floor of the architectural
complex, which was also the first 3D element to
be determined. The perspective reconstruction
of the architecture began with the base
supporting the structure. The modelling of the

Figure 4: Projection Centre and the perspective restitution of the floor geometry (authors’ elaboration).
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Figure 5: On the left, overlap between the redrawing and the perspective restitution of the pillars seen from the
Projection Center. On the right, plan of the perspective restitution (authors’ elaboration,).

pillars was derived from the only two fully
visible ones. The 3D model of the ‘typical’
pillar was positioned corresponding to a known
ground edge of the other painted pillars, with its
three-dimensional placement determined by the
projective ray emanating from the Projection
Centre, passing through the painted edge, and
reaching the base where the corresponding edge
of the 3D pillar would be placed.

The positioning of the pillars revealed two
significant findings: (1) the planimetric layout
of the complex is regular, despite (2) the
perspective depth gradation of the npillars
lacking strict consistency (Fig. 5). A possible
explanation for this phenomenon could lie in
minor technical or construction inaccuracies,
bearing in mind the relatively small size of the
panel.

Continuing the spatial reconstruction of the
artwork, a good correspondence was observed
between the 3D model and the redrawing. The
general principle followed during the 3D
modelling aimed to render an architecturally
coherent scene as much as possible, considering
this to reflect the artist’s intent. The small
discrepancies identified may be attributed to
technical factors, as mentioned earlier. From
this viewpoint, the reconstructed space is
coherent and regular (e.g., intercolumniation,
the position and size of windows, and the
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dimensions of the groin vaults) but features
some unconventional solutions and unresolved
issues. The first group includes the choice not to
pair a geometrically regular floor design with
the otherwise regular architectural layout [14]
(Fig. 5). The second group encompasses
unresolved concave corner solutions and other
simplifications related to the side walls, where
mouldings exhibit less projection compared to
those viewed frontally and lack some decorative
elements, underscoring an intent towards
simplification.

3. THE ADDED VALUE OF AR AND Al

Perspective restitution is a highly effective tool
for knowledge, as it enables us to grasp the
artist's awareness and perspective choices. The
3D model resulting from the analysis also
serves as a useful means of disseminating
research, particularly when paired with its
visualisation in augmented reality (AR).
Marker-based AR is particularly effective in
this case, as the painting can be used as a target.
This activates the AR device (e.g., a
smartphone) to display the architectural space
beyond the painting’s surface, as if the 3D
model were located behind a virtual window
matching the dimensions of the artwork. This
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Figure 6: Textured 3D model without (a) and with (b) ambient occlusion (authors’ elaboration).

virtual window, similar to ‘Diirer’s veil’,
disappears to reveal the virtual space behind it.
The dynamic viewing of the 3D scene in AR
raises the question of how to depict the
landscape. The proposed solution is to treat the
landscape as a scenic backdrop: a 360° image
completely enveloping the scene and depicting
a landscape compatible with the one painted by
Perugino in the visible portion between the two
arches. Al image-to-image techniques are
employed to generate the landscape beyond the
visible portion, using the outpainting tool [15].
This section outlines the process of creating the
AR app for the Annunciazione Ranieri, aiming
to demonstrate to users the relationship between
the perspective artwork and the architecture
depicted, illustrating the mechanism of the
‘perspective machine’. The following points are
covered: (1) texturing the 3D model; (2)
generating a 360° Al-assisted landscape image;
and (3) developing the AR app.

1. To enhance the 3D model’s rendering,
textures were applied using Blender. These
textures were created from sections of the
painted panel to ensure the final rendered effect,
atmosphere, and overall graphic quality of the
3D environment were similar to the painting
(Fig. 6a). Ambient occlusion (AO) was also
calculated in Blender. AO textures were
combined with chromatic textures in Photoshop
to produce a single texture that was
subsequently remapped onto the 3D model (Fig.
6b). This step is crucial as it delegates the AO
rendering to the texture, reducing the
computational load on the real-time rendering
engine during the AR experience.

2. The creation of a 360° background image for
the landscape began with the visible portion in
the painting. Using Adobe Firefly’s Photoshop
extension, outpainting was performed — a
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feature that extends an image beyond its
original edges by adding visual elements in the
same style — powered by generative Al. This
process allowed for the creation of six cube
faces onto which the generated landscape was
mapped. The cubic projection was then
converted into a spherical projection,
transforming the six cube faces into an
equirectangular image using a script. The
equirectangular image was adjusted where the
cube faces joined and mapped onto a sphere
centred at the perspective projection point,
completely surrounding the 3D scene (Fig. 7).
3. To achieve the AR ‘window effect’, it is
essential that the 3D model, the plane
containing the image, and the Projection
Centre maintain a projective relationship. In this
arrangement, the architectural 3D model
becomes the ‘augmented’ object, the Picture
Plane (painted image) serves as the target, and
the Projection Centre defines the AR device’s
position to ensure alignment between the
painting’s perspective and the 3D model’s view.
The device effectively replaces the observer’s
eye (viewpoint or Projection Centre) in the
projective relationship.

The window effect’s effectiveness also relies on
the augmented object being visible only within
the painting’s margins. The AR app was
developed in Unity using the VVuforia extension.
The software assigns a Depth Mask Shader that
prevents objects behind the masked region from
being rendered, effectively hiding them from
view. This shader can be applied to simple
planes positioned around the image/marker,
ensuring that the architectural model is only
visible within the boundaries of the
image/target.

Lighting in the AR scene is achieved using pre-
rendered AO applied as a texture, combined



with global illumination without any direct light
sources. This approach imparts an ethereal
atmosphere to the model, similar to the painting

(Fig. 8).

Figure 7: Landscape generation process: from the
visible portion painted by Perugino to the generative
Al outpainting for cubic projection, up to the
transformation into spherical projection as an
equirectangular image (authors’ elaboration).
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The AR app includes an interface allowing
users to toggle the 3D model and the line
drawing on or off. This functionality facilitates
easy switching between configurations. The
line drawing is particularly useful for
positioning the device at the Projection Centre
of the perspective system — the only point where
the line drawing and the augmented
architectural space align perfectly. This
alignment confirms the viewpoint from which
the 3D scene matches the perspective chosen by
Perugino for his Annunciazione Ranieri (Fig.
9).

3. CONCLUSION

The study presented unfolds on two distinct but
interrelated levels of interpretation. On the one
hand, it addresses the history of scientific
representation, with a particular focus on
perspective, examining its evolution from a
pictorial technique to a fundamental science
underpinning disciplines such as Astronomy,
Gnomonics and Projective Geometry. On the
other hand, it explores the potential offered by
the integration of augmented reality (AR) and
artificial intelligence (Al) for the analysis and
communication of artworks, significantly
broadening the scope of research and the
valorisation of cultural heritage. The figure of
Pietro Vannucci, known as Perugino, is central
to the first line of research, as it allows a closer
examination of the maturation of scientific
thought within the Italian Renaissance.

Figure 8: Rendering of the 3D model from the
Projection Centre (authors’ elaboration).
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A prominent artist of his time, Perugino was
neither a theorist nor an architect; his
understanding of perspective can only be
deduced through a meticulous analysis of his
works. Among these, the Annunciazione
Ranieri stands out as a paradigmatic example of
the artist's ability to harmoniously integrate
architecture, landscape and human figures in a
composition that profoundly influenced his
contemporaries and successors.

The analysis conducted on the Annunciazione
Ranieri through three-dimensional perspective
reconstruction revealed significant geometric
anomalies, such as the presence of different
Vanishing Points for the pavement and
architectural levels. This finding suggests that
Perugino’s perspective constructions were not
the result of a single systematic approach.
Instead, it opens up new research avenues,
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Figure 9: The AR app with the perspective restitution of the Annunciazione Ranieri (authors’ elaboration).

indicating the possibility that the artist
employed a flexible modus operandi,
combining well-established graphic procedures
with projective reasoning. Further investigation
into this area could provide critical insights into
Perugino's working methods and clarify his
position within the broader framework of
Renaissance perspective theory and practice.
Moreover, this line of research is particularly
relevant for addressing the problem of
attribution and authorship in Perugino’s widely
disseminated works, both nationally and
internationally. Identifying recurring patterns or
peculiarities in his perspectival procedures
could yield new interpretative tools to more
accurately distinguish authentic works from
those attributed to his workshop.

In parallel, the application of Al algorithms to
extend the pictorial landscape has allowed the



visual representation of the artwork to be
expanded while maintaining stylistic and
chromatic coherence. This process placed the
artwork in a broader perspective, uncovering
new symbolic and narrative dimensions. By
analyzing Perugino’s visual language, the Al
respected the artist's delicate atmospheric
gradations and chromatic balance, generating
extensions that are not only visually
harmonious but also contextually integrated
within the artwork.

The integration of perspectival and pictorial
findings into an immersive augmented reality
experience further transformed the interaction
with the artwork. Through AR, it became
possible to ‘enter’ the pictorial space, exploring
its architectural and landscape complexity from
unprecedented angles. In this context, the
perspective anomalies revealed by the three-
dimensional study acquire new significance: the
immersive experience allows observers to see
how these discrepancies contribute to the
narrative and symbolic construction of the
artwork, emphasizing the dialogue between the
human and the divine. Navigating the artwork
in three dimensions also enables the
appreciation of details such as the seamless
fusion between the terrain and the horizon or the
visual progression toward the sky, a metaphor
for divine transcendence.

The combined use of Al and AR has
demonstrated extraordinary potential in making
works like the Annunciazione Ranieri more
accessible and  comprehensible.  These
technologies not only enhance the possibilities
for technical and interpretative analysis but also
offer a novel mode of communication that
leverages perspective as a universal language.
Perspective, reinterpreted and elaborated
through AR, becomes a tool for uniting
scientific and symbolic content, enabling a
more immediate and engaging experience for
non-specialist audiences.

Ultimately, this study serves as an example of
how the interplay between Descriptive
Geometry, Art History, and Technology can
open new paths for interdisciplinary research.
The approach adopted here not only enriches
the understanding of artworks but also
contributes to redefining the methods used to
study cultural heritage, enhancing both its
material and intangible dimensions.
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