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ABSTRACT

The identification of the elements within space that can be perceived by an observer is achieved
by the isovist tool which can be developed in a planimetric vision. What is lacking is the
possibility of identifying the elements in three-dimensional form. Recent studies were aimed at
extending isovist to space in different ways. In our study, the potential of the 360-degree
panoramic photography technique was exploited to obtain a three-dimensional visualisation. We
carried out research on an interior architectural space which was surveyed and reconstructed
virtually. It was decided to explore the Edoardo Chiossone Museum of Oriental Art (Genoa,
Italy) designed (1948-1971) by Mario Labo because of its volumetric simplicity contradicted by
an articulated cyclical path which is difficult to identify. The combination of panoramic
photography and virtual parametric model led to preparation of a tool (PanoProj) useful for
simulating a 3D isovist, which considers objective data (the visible portion of the space from a
single viewpoint) and which offers the possibility of making perceptual considerations through
dynamic simulation in a virtual model environment. Two different views were compared in
sequence along the path, and different tools were also used such as a vertical 2D isovist and a
graph. It was found that the spatial riddle of the Chiossone Museum could be explained in a more
effective way using an integration of analysis, trying to identify those qualities that give visitors

the pleasure of discovering a complex space that gradually reveals itself while being explored.
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1 INTRODUCTION

This paper describes a part of some research about the ways in which architecture spatial

qualities are perceived in aesthetic and wayfinding perspectives. Simulation was conducted with
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different kinds of users, as the research also aims to tackle the tough challenge of the
accessibility of spatial information for people with visual disability. In this work, the space
qualities of a museum architecture of the 20th century are investigated with a new technique that
matches virtual modelling and panoramic photography to obtain a three-dimensional, realistic,

and dynamic visualisation of the isovist.

Spatial perception through visual sensation may be studied by different tools, and among them
isovist appears to be one of the most efficient. Gibson (1947) was the first to talk about the
polygonal representation of the visible space that changes with the position of the observer.
Isovist is intended as an instrument that helps understand spatial perception as it is the “set of all
points visible from a given vantage point in space and with respect to an environment” (Benedikt
1979)!. Isovist could be analysed through its area and shape, describing some spatial features
such as convexity or openness. All the research that has developed measures from isovist maps or
connected it with analysis tools and predictions in social behaviours cannot be cited. Those most
related to our interest will be selected and the intention is to contribute by formulating a proposal

for a three-dimensional, dynamic, and realistic version of isovist.

In fact, despite its three-dimensional definition, isovist normally appears as a polygon in
planimetric projections, capable of being generated and evaluated with parametric modelling
tools (Nagy 2017). Some studies have been aimed at extending isovist to space in different ways.
For our purposes, we are mostly interested in three-dimensional research in a virtual model. Penn
et al. (1997) introduced the Isovist camera, an analytic tool in the Pangea 3D-modelling
environment that can construct isovists during its movement and calculate their area perimeter

ratio.

A significant passage was given in the field of urban landscape analysis, often inspired by
authors such as Lynch (1960), Cullen (1961) and Hillier (1984) who stressed the importance of
the study of visual analysis, also in a sequential form using maps, drawings, and photos. An
evolution in the three-dimensional direction was the viewshed concept, intended as the terrain
visible from a major viewpoint (Lynch 1976) which was used mostly in landscape analysis. Its
evolution could be individuated in the viewsphere tool that finds its natural development in the

Geographic Information System (GIS) environment (Yang et al. 2007).

The specific features of our case study make the involvement of the vertical isovist particularly
interesting, also in its perceptive distinction with the horizontal isovist (Krukar et al. 2020). The
study of the connections among different level of buildings is also important (Varoudis, Psarra

2014).

! Krukar et al. (2020) cited two early studies by A. Hardy (1967) and C.R. Tandy (1967), both published in
A.C. Murray, Methods of Landscape Analysis, London 1967. For an extended state of art on isovist, see
Ostwald and Dawes (2018).
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Important research generalised the use of the visibility graph (Turner et al. 2001) that integrated
different isovists and allowed analysis of the characterisation of architectural space (Benedikt,
McElhinney 2019), also in promising reciprocity between observer and observed (Lonergan,
Hedley 2015).

A recent study (Unlii et al. 2019) was aimed at using sequential three-dimensional isovists as
polyhedral portions of space that have their centre at the observer’s viewpoints changing along a
path: information given by their shapes and other spatial features was integrated with

psychological outcomes.

In a realistic direction, some studies added the contribution of visual data coming from a digital
model and a cylindric form of panoramic photography (Fisher-Gewirtzman 2016). Another
research project used 3D point clouds to investigate the impact of location for information
displays using the integrated analysis of 2D and 3D isovists (Dalton et al. 2015) and some

researchers have proposed the potential use of a Lidar tool (Lu et al. 2019).

It was decided to use the Edoardo Chiossone Museum of Oriental Art (Genoa, Italy) designed
(1948-1971) by the Italian architect Mario Labo (1884-1961) as a case study. A building
distinguished by a troubled history that characterised its construction, and which constitutes a
point of reference in the field of Italian museum architecture, although it is still little studied. The
museum is characterised by fairly simple regular volumes that define the exhibition hall: the
main room, where the empty space emerges in the building (Lanteri Minet 2017; Spesso, Porcile
2019). The apparent simplicity is contradicted by the spatial organization and users understand its

cyclic distribution only slowly, while they are moving and exploring it.

In our study we intend to exploit the potential of the 360 degrees panoramic photography
technique to obtain a three-dimensional realistic visualization. We built a digital model after an
accurate survey of the indoor and we use the cubic representation of panoramic photography,
which can provide six different planar projections: six one-point perspectives sharing the same
point of view, and which differ in the direction of the gaze. We projected a sequence of
panoramic photos using Grasshopper algorithm, so we can perceive, through the virtual model,

the position of observers and what they can see.

With this method, we obtained three-dimensional and realistic visions of the space. Our aim was
to simulate a visualization of space by a user through parametric modelling tools, by moving the
point of view to transform this static instrument into a dynamic one. We also compared our
results with 2D isovist that in our case study was more significant in a vertical orientation and we

extrapolated an abstract scheme of distribution of different level.
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Although we intended to simulate a fluid and dynamic movement in an architecture interior, we
only showed a part of the sequence. We also chose to extrapolate only a part of the cube at a
time, in order not to complicate the modelling computation of projections: we believe that this
limit could be compared with the visual cone, compatible with the natural limit of the angular
extension of a adequately defined human view (90 degrees) which can be extended creating

projection of other cubic faces.

In this paper we didn’t show the whole set of panoramic photos taken from vantage points at
different level and their communication in an accessible perspective and we didn’t discuss about
other phases of our research that includes visitors’ interviews made with people with and without
visual disability to indagate how and when they understood the spatial structure along the path.
The use of our tool can be extended to the study of spatial features through the computation
potential of the digital parametric model (areas, volumes, their ratio, or others), but we believe that

the qualitative observation could be the most important for our purposes.

2 THEORY: VIRTUAL MODEL AND PANORAMIC PHOTOGRAPHY

Experience of the exploration of a space may be simulated in a 3D virtual model or with
panoramic photography, but how can one identify the position of observers together with the
elements of space they perceive? The isovist tool works well in the second dimension, but its
application becomes very difficult in the third dimension, and this is probably the reason why
there are many solutions offered by researchers. In order to obtain a useful tool, we need to ask

ourselves the real purpose of the simulation we want to realise.

We conceived a combination of two different tools we normally use in surveying and
representing architecture: a 3D virtual model and panoramic photography. The first is useful for
its capability of being a field of simulation, especially in its parametric integration, and the

second provides an image of the architecture capable of approaching realistic perception.

3 METHODS. A PROJECTION OF A PANORAMIC PHOTO IN A VIRTUAL

MODEL

There are different instruments to represent architecture, also in a realistic way. In this research,
we wanted to realise a visualisation capable of identifying observers and the portion of space
they can see inside a building. It is not a matter of texturising the model, but of creating a
dynamic transformation of the vision during a simulated navigation, so a virtual tour, realised

with panorama photo techniques projected on 3D model surfaces, was considered.
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We chose the Chiossone Museum as a case study and different tools were integrated to explain its
complicated distribution, also involving 2D vertical isovist and graph studies that are able to

synthetise the essence of the whole architecture.

3.1 The peculiar case of the Chiossone Museum

The Edoardo Chiossone Oriental Art Museum (Genoa, Italy) is a building designed by the
architect Mario Labo (1884-1961) starting in 1948 and completed in 1971. It was the first newly
built museum project after the Second World War in Italy: a feature that, together with its
compositional qualities, makes the museum particularly important on the Italian architectural

scence.

In the debate on the theme of musealisation in the post-war reconstruction phase, the city of
Genoa, with the well-known projects of Franco Albini (1905-1977) (Bucci, Rossari 2005) and
Mario Labo himself, became one of the reference cities for this type of architecture. The building
is part of the nineteenth-century park of Villetta Di Negro, an elevated green area in the heart of
the city from which two main volumes emerge that define the building: the access compartment

and the exhibition hall.

From the architectural viewpoint, the museum space is determined by five staggered levels
arranged close to the longer sides and which internally overlook a full-height central void (fig.
1); in addition to the five levels (2-6) we find two galleries on the ground floor, distinguished by
a reduced height difference (about 0.45 m), attributable to the gallery museum at the beginning
and end of the route (7 and 7). The floors are connected by stairs positioned along the short sides

of the building, which are mainly visible from gallery / on the ground floor (fig. 1 c).
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Figure 1: Chiossone Museum of Oriental Art (Genoa, Italy): exhibition hall. (a) Plan; (b) Section; (c) Photo.

An erroneous mental prefiguration of space is generated in the visitor as a succession coinciding
with the progression of the levels. The actual arrangement, on the other hand, takes place in a
cyclical manner, comparable to a double helix able to lead the user through an ascent path (7, 2,
3, 4) different from that of the descent (35, 6, 7).

The museum maintains a visual connection with the external environment, and more precisely
with the historical city centre, thanks to the view offered by the large windows along the south-

west facade.

Although it is a rather simple construction in the volumes, therefore, the complexity of the
journey reveals a sophisticated system that makes the space unique, and that can only be
recognised through movement and direct exploration. These aspects have led us to analyse and
carry out in-depth studies, addressing in particular the perceptual and behavioural context
determined by movement, but at the same time finding points of connection with some issues

related to orientation cited by Ruth Conroy Dalton (Conroy Dalton et al. 2015, p.18-19), such as
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the importance from the vision to the outside or the potential of the view in elevated points to

promote understanding, which are not shown here.
3.2 Panoramic photography

In our study we exploited the potential of the 360 degrees panoramic photography technique to
obtain a three-dimensional visualization. Panoramic -or nodal- photography offers a three-
dimensional and dynamic view: it allows virtual tours to be created and it can be considered as a
tool for studying architectural space (Luhmann 2004). Much of our ability to understand a work
of architecture depends on our perception of the qualities of the space represented. To simulate
them, we turn to different representations that often, however, do not give us back its experiential
qualities. Photography, to a certain extent, allows us to improve the visualization of space, but
remains confined within the chosen framing and excludes everything that is beyond it (Jabi

2001).

The photographic gesture is configured as an action that requires the choice of a position
(viewpoint) and a viewing angle (camera angle) that affects the framing and the perspective of
the image. In 360 degrees panoramic photography the point of view still maintains its
importance, while the choice of framing is lost and can be made a posteriori, depending on the
portion of space that becomes the protagonist of the image. This is one of the most interesting
features of this type of photography. Thanks to its versatility, panoramic photography, since there

is no offscreen, also becomes a valuable tool for investigating space as a whole.

Thanks to the use of specific software using metadata, we can obtain different kinds of
representation: the equirectangular projection -an approximate development of a sphere-, the
rectilinear projection -assimilated to a one-point perspective-, the planet projection -which is a
stereographic representation-, etc. These derive, in part, from traditional cartographic

representations, and can be transformed freely from one form to the other.

Panoramic photography often uses equirectangular projection as one of several ways to develop
the surface of a sphere in a plane. This projection is essential to capture, in a single two-

dimensional image, everything that is around the observer.

The different projections, combined with the possibilities of navigation, can become valid tools
for the study of visual perceptions within an architectural space. From a theoretical point of view,
360 degrees photography is considered as an immersive tool, a communication technology
characterized by vividness and interactivity. Vividness denotes the representative richness of the
medium, that is, the number of different senses that the medium can involve (sensory breadth)
and the resolution within each of these perceptual channels (sensory depth). Interactivity, on the
other hand, denotes the number and quality of actions that users can take to change the form and

content of a mediated environment in real time (Steuer 1992). Panoramic photography, therefore,
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allows the viewer to mentally build a spatial model in which to place himself to observe the

intrinsic characteristics of architecture.

The use of devices for virtual and augmented reality favors the construction of this mental model
by eliminating the reference points with the surrounding reality. "It is therefore by removing
from the eye all the terms of comparison that one comes to deceive him to the point of making
him hesitate between nature and art" (Bordini 1984, p. 91), as was the case in the past with the

dioramas used for educational and illustrative purposes.?

The equirectangular projection, which covers an angle of 360 degrees in the horizontal direction
and 180 degrees for the vertical one, can be made with cameras that here we call panoramic,
generally equipped with fisheye lenses. The panoramic cameras, recently produced, have flanked
those equipped with a single lens in which the image is generated by multiple shots taken from a
single point of view (nodal point) around which the camera rotates. Shooting with multiple shots
using traditional cameras requires the use of a panoramic head, manual or motorized, which
permits the maintenance of the nodal point during rotation. While panoramic cameras can
perform the function of merging images within the device, shots made with traditional cameras
require specific software to stitch individual images into the final panoramic image. This
technique is less immediate than that of panoramic cameras but allows one to obtain images in

High Definition.

In general, many of the software that permit the stitching of photographs for the creation of
equirectangular panoramic images also allow the export of the same with different types of
projection. For our purposes, as we will see, we found useful to transform equirectangular images
into cubic projections that are made up of six rectilinear images as a whole perfectly identical in
projectivity with respect to equirectangular projection (fig. 2). In equirectangular projection, the
deformation around the poles makes it difficult to read the elements placed near them. With cubic
projection it is instead possible to obtain an image closer to the natural vision of space, useful for

carrying out perceptual checks and observing spatial correspondences.

Panoramic photography is particularly suitable for the analysis of architecture because it allows
one to observe space in a fluid, continuous and engaging way. This technology permits the
creation of virtual tours, consisting of a sequence of panoramic images spaced apart. Although
panoramic viewers create a realistic immersive experience, they do not permit the viewer's
movement to be smoothly visualized. For example, Google Street View creates a discreet system
of passages from one panorama to another. A study by Sandnes and Huang (2016) developed a
method that suggest a continuous and fluid movement creating smooth transitions between

different panoramic photographs.

2 Even before the invention of photography, in fact, the nineteenth-century painted panorama or diorama, was
considered a visual journey that could allow thousands of people to know without being forced to travel
(Bordini 2017, p. 142).
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For the present research, we use a panoramic camera, Ricoh Theta Z1, equipped with two ultra
wide-angle lenses located both in the front and in the back of the camera. The lenses,
characterized by a focal length of 2.6 mm and an angle of view greater than 180°, generated two
partially overlapping circular photographs from which the equirectangular projection was
obtained (fig. 3). All the shots were made with the optical axis of the perfectly horizontal lens by
placing the centre of the lens 160 cm from the walking surface: the errors due to small rotations
or inclinations of the lenses were corrected using the Hugin software’, also necessary to carry out

the transform operations into a cubic image (fig. 4).

Figure 2: Axonometric scheme related to spherical and cubic representations.

3 Hugin (http://hugin.sourceforge.net/) is a cross-platform open-source panorama photo stitching merging
program.
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Figure 3: Photographs taken from point B. (a) Images taken with Ricoh Theta Z1 camera; (b)
Equirectangular projection obtained by stitching.
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Figure 4: Cubic projection of photographs taken from point B.

The shots were made along the exhibition path by placing the camera in successive characteristic
points, intended as decision points where people make a choice of navigation and direction, such
as road intersections and turning points (Jiang, Claramunt 2002). The morphology of the
envelope of our case study is essentially presented as a parallelepiped within which it is possible
to follow a continuous path, articulated on the described staggered planes, which starts from the
entrance and returns to the same point without retracing the same path. For each level, three
characteristic points were identified from which the panoramic photographs were taken: one
central and two laterals. In this way, information was obtained that can return a perception of the
entire space but also to verify the visibility index of the architectural elements in relation to the

distance from the observer.
3.3 3D parametric model and preliminary studies

The study of the Chiossone Museum is determined by preliminary phases of surveying, using
analogue and digital systems, among them photogrammetry; these steps are fundamental
activities for the three-dimensional reconstruction of the architectural space realised through
Rhinoceros®. The information was selected in order to obtain a synthetic three-dimensional

model, correct from the viewpoint of linear measurements and the surface directions.

In this model, the desire was to import the information collected with the survey campaign

through the panoramic photography conducted in the characteristic points of space. The

4 Version 6. Robert McNeel & Associates (https://www.rhino3d.com/).
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combination conceived between virtual model and panoramic photography was achieved through
two complementary phases: the first phase which consists of the choice of cubic projection and
its dynamic materialisation in a virtual environment and the second phase that allowed the
effective generation of a projection of the images perceived from an observation point. This
combination was named PanoProj and it was then used to make qualitative considerations on two

viewpoints in sequence.

3.4 PanoProj, Phase 1: a point of view in a wallpapered cube

Integration of the different tools, virtual model and panoramic photography, was achieved thanks
to the use of cubic representation, which can provide six different one-point perspectives sharing
the same viewpoint and differing in the direction of the gaze. In fact, six main directions each

perpendicular to one face were obtained.

Some previous works used different projections of panoramic photography, such as the
cylindrical projection applied by Fischer-Gewirtzman (2016) to describe the most perceptually
relevant spatial factors in the vision of an external environment, or the spherical representation

that proved to be an effective tool for surveying (Calvano 2018).

Cubic projection was identified as the most suitable method of representation to experiment with
immersive techniques that hybridise photographic shooting with graphic integrations (Olivero et
al. 2019). Since it is composed of one-point perspectives, it is a representation that is close to a
natural vision: for this reason, it had previously been experimented with in an intuitive
identification of 3D isovist in an ancient building (Candito et al. 2020). In this research, the use
of cubic projection is suggested by the need to overcome the limits imposed by other projections
of panoramic photography compared to the instrument we used. Our aim was to acquire a
projection useful to visualise the portions of the model perceived by an observer and a result can
be obtained through the Grasshopper Image Sampler component, which uses flat images

corresponding, in our case, to each face of the cubic projection.

We built a cube of 3.20 m per side with a face coinciding with the floor in order to have in the
centre the viewpoint (1.60 m) and the dynamic identification of the shooting points was set,

always using Grasshopper (fig. 5a).

The first phase of definition of the algorithm concerns the modelling of the cube (fig. 5b) and the
superimposition of the images on its surfaces (fig. 5¢). The viewpoint, as mentioned, corresponds
to the centre of the cube the edges of which are highlighted to make them more visible through
the Pipe component (1-2). The vertices of the cube (3) are important because they identify the
surfaces to which to attribute the image extrapolated from the cubic projection (4).

For the visualisation of the photographic images, as we said, the Image Sampler was then used.

This component can be connected with the Mesh Colours command involving the transformation

A combination of 3D model and panoramic photography for a 3D isovist tool
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of the surfaces of the cube into mesh and permitting attribution of the RGB values of each pixel
with its u and v coordinates of the geometry as they result in the photographic images. This phase
is useful to superimpose the photos on 3D model thus verifying the correspondence between the

two.

e
Mesh
Colours

resolution
500

S Human
/B Custom Preview

(b) ()

Figure 5: Cube generation and photo image overlay. (a) Definition of the algorithm; (b) Photographic view
of the edges of the cube; (c) Overlay of the image with the 3D model.

The Custom Preview Materials component, belonging to Human plugin, could further facilitate
this comparison, as it would allow the contemporary view of the image and the model, managing
the transparency values. Although it is more immediate, since it is a dynamic viewer, the latter
possibility is not necessary for the use of meshes in addition to existing surfaces.

A camera was placed at the shooting point, with a target perpendicular to the surface of the cube.
To simulate what really happened, the camera features were used which, as was seen in the
previous paragraph, correspond to a focal length of 2.60 mm. This process, as mentioned,
allowed us to obtain a shooting point from which it was possible to observe only the edges of the

cube or the overlap of the image with the model.

It was decided to analyse the shooting point at the entrance of the exhibition hall on the ground
floor (point 4) and the one in the centre of the same (point B) (fig. 6). To further narrow the field
of investigation, we turned to the analysis of a single portion of the cube surfaces, which can be
represented by a single face. For the logic of the direction of the exhibition path, the one to the

north-west was chosen.
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Figure 6: The arrangement of the cubes within the architectural space and the projection of the north-west
surface (in blue). (a) Perspective cross-section; (b) Section; (c) Plan.

3.5 PanoProj, Phase 2: the projection on the model surfaces

Having defined the correspondence between photographic image and virtual model, we
investigated the themes of projections from a finite centre and that are practically reflected in the
rules of projective geometry and perspective. Conical projections -with a finite centre- are
generally little applied within three-dimensional modelling software: even with Rhinoceros and
Grasshopper only cylindrical projections -with an infinite centre- can be obtained automatically.
However, there are different studies and applications aimed at filling this gap and achieving an

effective process by exploiting the commands already present within the software. There are
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studies that refer to the use of a script code (Majewski 2019) or that regulate the elements

involved in the projective process using mathematical functions (Gross 2019).

These precedents allowed us to understand which solution might be the most effective to achieve
our purpose. One aspect analysed concerned the understanding of the characteristics and potential
of the Image Sampler component, especially regarding its characteristic of attributing a numerical
value calculated according to the pixels of an image to each point of a grid. The possibility of
overlaying the surface of the image with its chromatic characteristics maintaining the values
determined by the RGB channel was previously explained, but in the present algorithm it was
decided to use the black and white version of the image, because it allowed us to attribute a
numerical value to the points according to the degree of brightness channel in a range from 0
(black) to 1 (white). The list of values thus obtained was used to constitute circumferences
characterised by their position (their centres coinciding with the points of the image) and their

brightness (their rays).

Analysing the application of Owen Olthof (2021) on the management of the /mage Sampler and
that of Ethan Gross (2019) related to the definition of the projective process, the useful aspects to

define our algorithm were identified (fig. 7a).

The reference elements from which to start are basically two: the surface of the cube (side 3.20
m) and the image to be projected (320 x 320 pixel). The chosen face of the cube was
reparametrised and divided according to the number of the image pixels (u= 320; v=320), to

ensure that both values correspond to the coordinates of the photograph (fig. 7c, 7d in red).

The use of circumference was an expressive choice that was considered particularly relevant, but
there are different possibilities regarding the representation of the data provided by the Image
Sampler. Arturo Tedeschi (2010, p.110-111), for example, used a grid composed of spheres that
change their size according to the brightness of the image; other cases, instead, followed the
same logic using horizontal or vertical segments of variable length (Gékmen 2019).

To acquire the chosen view, composed of circumferences, it was necessary to carry out a new
mapping of the domain related to the /mage Sampler data, which is a procedure that involved the
use of the Remap Domain component and that is defined according to the following inputs

(Olthof 2021):

e Value: image sampler values (0 to 1) to remap.
e  Bounds: that identifies the range of values present for each list of points.

e Construct Domain: defines the maximum and minimum value of the remapped domain.

The remap process was necessary because the direct connection of the Image Sampler with the

radius would lead to obtaining circumference radii with values between 0 and 1, that are
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sometimes incompatible with the dimensions that separate the centres, since contemplating

circles that intersect with each other and would not allow the understanding of the image.

The last step of the algorithm concerns the process of circumferences projection on the three-
dimensional model (fig. 7b). The procedure started with the subdivision of the circumferences
(Divide Curves) through 10 separating points, that are fundamental because they will actually be

projected on the surface of the model (Gross 2019).

v (m
-1

Kk D

Projected curve

Viewpoint

(c)

Figure 7: Schematisation of the image using circumferences and its projection. (a) Algorithm that converts
image brightness data into variable-radius circumferences. (b) Algorithm describing the projection on the
surfaces model. (c¢) Frontal view from observation point A; (d) Frontal view from observation point B, with
the possibility of enlarging the angle of view.

The division according to this numerical data allows us to get sufficient points for the
reconstruction of the projected circumferences, especially in reference to the planes not parallel
to the surface of the cube which, as known, lose the regularity of the circle to take the form of
ellipses. To make the projection, it is necessary to generate the visual rays that originate from the
viewpoint (shooting point of the camera and centre of the cube) and pass through the 10 points
belonging to each circumference. The rays intersect the surfaces of the model (Surface Line)
generating the projected points. A condition that must occur to obtain the tracking of the curve

projected is that it occurs in a complete way, that is, that all 10 points that define it are projected
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inside the surface and we verified this through the Shift Path and Tree Statistics components. The
final step consists of tracing the curves (/nterpolate Curves) projected thus remodulated and

selected.

It was decided to repeat this process for each individual surface of the model capable of receiving
the projection, so that the surfaces that are actually important could be selected and thus allow
separate analysis. The systematisation of all the surfaces involved permitted us to achieve the
desired effect: a projection of the previously discretised image that realises the simultaneous

visualisation on the model of the observers and what is visible by them (fig. 8c).

3.6 Two different views in PanoProjf

The generation of the PanoProj tool is aimed at observing sequences of panoramic views in a
virtual environment, in order to carry out first of all qualitative analyses that emerge from the

comparison.

It is initially useful to emphasise the importance assumed by the visual field and the amplitude of
its angle, which is not limited to only 90°, but considers the physiological characteristics of
vision, including peripheral vision: an amplification that can reach approximately 120° horizontal
amplitude (Savino, Danesh-Meyer 2012, p. 12). With this angle, inside the cube, part of the
lateral surfaces adjacent to the observed frontal image (fig. 7c, 7d) are also included, thus
exploiting the flexibility of the designed instrument.

The dynamism of space exploration also contemplates the possibility of the rotation of the
viewpoint, that can be obtained by moving the head and the gaze: movements that characterise

the exploration phases.

The comparison between two sequential visions can be carried out initially according to a
planimetric approach (fig. 9a), which allows us to observe how, with the same amplitude of the
visual field, the transformation of the spatial elements involved: a difference that is reflected in

the three-dimensional reading.

The process carried out on the three-dimensional model recalls the logic of the 2D isovist in
which, however, only a portion is considered that is limited by the visual angle and by the portion
of a circumference that represents the depth of the visible field, having as radius the maximum
distance from the occluding surface (Conroy 2001, p. 62). The dimensional difference between
the two maximum radii heralds a wider and more detailed view at viewpoint B. A three-
dimensional interpretation would lead to the involvement of a sphere that recalls the logic of 3D

isovist previously analysed.

The comparison between the projections of the images on the model (fig. 8c), also supported by

photographs (fig. 8a, 8b), revealed differences that affect the reading of the space and the
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consequent behaviour within it. Shooting point 4, adjacent to the entrance of the room, does not
provide the global understanding of the space but allows one to trace a direction of movement
towards the front staircase, which also stands out thanks to its inclination and chromaticity in
strong contrast with the white wall. From this viewpoint, however, it is not possible to identify or
understand the different levels: the visible elements are reduced to galleries 2 (on the right) and 6
(on the left) not sufficient to understand the totality of the space. Large surfaces of the space are
also involved, but they are less relevant and useful for the purpose of understanding the

architecture: in fact, the flooring and the windows emerge.

The plan disposition, devoid of the exhibition apparatus, shows a direct contact with the few
steps arranged frontally, inducing the viewer to move towards them, even if the statues reduce

their visibility. It is precisely because of their presence that it encourages one towards the interior

of the room and more precisely in the direction of the next viewpoint (B).

(@) (b)

(0

Figure 8: Comparison between the two observation points (see the plan in the next figure). (a) Photo from
viewpoint A. (b) Photo from viewpoint B; (c) Perspective cross-section with the overlap of surfaces
involved in projection.
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The areas involved in the projection from point B (fig. 8c) reveal several elements that contribute
to a broader understanding of space. The window surfaces are reduced, and it is possible to
observe what happens at the west corner of the building, from which the staircase leading to level
2 starts. The surface of the north-west wall of the building, the main subject of the view, is
clearly visible, and reveals a wider and more complex vertical development than that offered
previously, which displays the system of alternating galleries and their connection via stairs.
From this point, one gets a clarifying view of the ground floor and the museum, even if it is not

entirely sufficient to understand the totality of the building and its complexity.

A further reflection can involve the theme of the distorted image and the importance of the
viewpoint for the reading of space, an explicit aspect if we compare the frontal visions (fig. 7c,
7d) with the accidental ones (fig. 8c): the first case corresponds to the correct viewpoint that
determines a reconstruction of the recognisable image and completely coinciding with the
original photo, while in the second case, the viewpoint changes returning a distorted image not

entirely adequate to recognise the surfaces involved.

In general, the process carried out through the projection generated a mapping of the surfaces that
allowed us to perform qualitative analysis of the space, concerning the comparison of the crucial
nodes where the viewer is called to make choices. In the case considered, the intention was to
investigate the spatial elements most involved and that affect the interpretation and understanding
of architecture, emphasising the importance of the consequentiality of the shooting points and the

dynamism of the entire system.
3.7 2D vertical isovist and graph studies

The PanoProj tool is useful to create a virtual tour capable of revealing what is observed from
another viewpoint as well as the user position. Although different panoramas were shot along the
whole path, it was observed that it might be convenient in this phase to integrate them with other
kinds of analysis to explain the spatial meaning of the architecture examined as a whole.
Vertical 2D isovists, which are useful to discover different aspect of space (Krukar et al. 2020),
were used. We found interesting to compare two different vertical 2D isovists taken at the first
level of the museum. Indeed, using the same viewpoints applied in the previous analysis, very

different views of the space can be observed.

In the isovist generated by point A, at the start of the path, observers could only know that they
had entered a space articulated in different levels to which they could access through staircases
(fig. 9b). At this stage, they could only see the ceiling of level 6 and of the levels protruding from
the north-east side of the volume (2 and 5), as the others are partially or totally hidden.

Moving onto viewpoint B, on the contrary, they would have the whole view of the different

levels and a significant perception of the staircases positioned on the shorter sides to north-west
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and south-east (fig. 9¢). Moreover, the view is also suggestive because of the differences of the

lower part of the floor-slab geometries and materials.

As for the staircases, it could easily be observed that they were entirely visible only on the north-
west side, because on the opposite one the last staircase is only partially perceptible, since it is

developed in the depth of levels 4 and 5 which it connects.

At this stage, visitors would be able to understand the spatial articulation because the vertical
connections tell them there is no direct link between levels that are in sequence for their altitude.
Despite this information, it was observed that users normally understand that there are no such

connections only along the exploration of the different levels of the exhibition.

Museum
entrance

Figure 9: Vertical 2D Isovists from points A and B. (a) Plan that highlights the different spatial elements
involved in the two observation points facing the north-west wall; (b) Section in point A towards south-east
side; (c¢) Section in point B towards north-west side.
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We synthesized the distribution in a graph scheme (fig. 10a) and this was integrated with a 3D
structure which can help to explain the not intuitive cyclic distribution of levels: a red path that
rises from level 1 to 2 to 3 and 4 (fig. 10b, in red) can be distinguished and a descending one
from 4, to 5, to 6 and 7 (in blue), since 7 and 1 - connected by a green line - are almost at the
same altitude. The cylindric shape was used as a reference to St. Patrick’s Well, built by Antonio
da Sangallo il Giovane (Orvieto, Italy, 1527-1537) which shows a similar space riddle composed
of two parallel helical paths.

Figure 10: The distribution of the whole Chiossone Museum; (a) Graph; (b) Schematic 3D illustration.

4 RESULTS

In this study, we conceived the PanoProj tool as a combination of a 3D virtual model and
multiple panorama photos taken inside of an architectural space. The integration of these two
different kinds of representation has been achieved thanks to the use of the cubic projection of
the panoramic photography which provides six different one-point perspectives having in
common the same viewpoint and differentiated by the orientation of the gaze, which together

offers, in fact, a global vision of the space.

This configuration allowed us to verify how panoramic photography could be a useful way to
obtain a 3D isovist, and which offers the possibility of making perceptual considerations through

dynamic simulation in the virtual parametric modelling environment.

The viewpoint and its combined cube of the panoramic projection move accordingly with a
parametric logic capable of being adapted to the investigation needed (PanoProj, phase 1). The
discrete projection of the photo image (PanoProj, phase 2) approximates the actual appearances,

and the 3D model helps to feed a realistic picture of the space through its boundary surfaces.
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We chose as a case study, the Chiossone Museum of Oriental Art (Genoa, Italy, built between
1948 and 1971), because of its apparent simplicity that is contradicted by the spatial distribution:
with its cantilevered and staggered levels and its cyclic path, visitors gradually understand its

organisation while they are moving and exploring it.

Comparing two subsequent views taken in characteristic points of level 1, their main features and
the transformation of the visual perception during the navigation of the space could be observed.
PanoProj was applied in a flexible way, and we are well aware that it could give some
information that must be integrated with other studies. For this reason, we combined the
observation conducted with PanoProj with other analyses conducted with a graph and 2D vertical

1Sovist.

In this way, an abstract scheme of distribution of different levels was used to explain the complex
cyclic path realised in the Chiossone Museum, that could also be obtained using many different

viewpoints.

5 CONCLUSIONS

In this paper, it has been shown how useful it can be to study the features and transformations of
users’ views during the exploration of space, maintaining, at least in part, the dynamism and
realism of natural perception. With this in mind, a tool was conceived capable of materialising
observers’ views inserting the images of the cubic projection within the three-dimensional model:

PanoProj.

PanoProj can be useful to study space features, but we are well aware that there is no tool or
representation method able to give a satisfactory investigation about spatial perception alone, so,

the observation should be integrated with other analyses.

Although the angle of vision given by one face of the cube (90 degrees vertical and horizontal)
was adopted, it cannot be affirmed that it is always sufficient, but it can easily be extended in

PanoProj involving, at least in part, other contiguous faces of the cube.

Although we were focused on the use of this tool only for qualitative analysis, PanoProj can be
extended to the study of spatial features through the computation potential of the digital
parametric model. Indeed, in this research it was sufficient to define the space with its
characterised boundary surfaces, but we even individuated polyhedra during their transformation,

which can be measured through their multiple geometric properties.
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