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Abstract 

The present contribution is a part of a study about architecture visibility, as an opportunity to understand spatial features 
and their effects on user perception. One of the starting points is the vast range of scientific literature and applications about 
the concept of Isovist, as a tool to visualize the portion of space visible to a user, although limited only to bidimensionality. 
The purpose is to identify a three-dimensional version of Isovist, here called PanoProj, which takes advantage of the contrast 
between a realistic representation of the panoramic photography and the dynamic resources of the parametric virtual model. 
This paper presents an application on the University Palace of Genoa, a 17th century Jesuit college, which is the place where 
some architectural features, generated by the combination of typology, territory, and local traditions, could be verified, 
showing the potential of the studies about space visibility. 
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1. Introduction 

The present paper is aimed at developing a 
method that helps to represent the visibility of a 
space, as it is perceived by a user who navigates an 
architecture. The perception is simulated in order 
to complete the intuitive results through a new 
three-dimensional version of the Isovist method, 
that allows the delimitation of the visible portion 
of space. The process identified exploits the 
potential offered both by parametric modelling 
and panoramic photography. 

The intention is to take advantage of realistic 
characteristics of panoramic photography, which 
represent the whole space visible from a single 
point of view, and their contrast with the 
schematic representation of a non-realistic virtual 
model. The result is the PanoProj tool that allows 
us to distinguish the portion of space that is visible 
to a user as a representation from a different point 
of view in the virtual model. 

This contribution uses an historical building as 
a case study to show the potential of the PanoProj 
tool in understanding the relations between 
architecture and users and to verify some spatial 
features of the subject studied. 

2. A university headquarters of the 17th century   

A university headquarters of the past was 
chosen as a case study because of its peculiarity: 
the University Palace of Genoa (Italy) is one of the 
numerous examples of 17th century Jesuit 
Colleges although also influenced by the local 
models of aristocratical palaces. 

The University Palace in Strada Balbi was built 
thanks to an agreement between the Order and the 
important Genoese family Balbi, who occupied a 
part of the city with its own residences, granting a 
plot to the Jesuits (Colmuto Zanella, De Negri 1987; 
Poleggi 1987; Della Torre, Patetta 1990; Wittkover, 
Jaffe 1992; Càndito 2001; Bösel 2012). The first 
drawings were realized in 1630 by Bartolomeo 
Bianco (1579-1640), architect and engineer from 
Como. The complex design phases of the building 
also involved the mathematician Orazio Grassi 
(1583 1654), rector of the college from 1646, who 
was previously appointed in Rome to examine the 
projects of the Genoese Jesuit college. For the 
present research, it is useful to be aware of the 
space disposition of the College, which was built 
starting in 1633, with the courtyard located at a 
higher level than the Entrance Hall, to be more 
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suitable to the natural slope of the terrain.   

 

Fig. 1: University Palace of Genoa. Axonometric section of the model 

 
The classrooms line up in depth, facing the two 

levels of the courtyard porch. Above the 
classrooms there are parts of the Jesuit fathers’ 
lodgings. Along the main street front there is a 
double-height Assembly Hall (first and second 
floor) and two libraries on the second floor: the 
current Sundial Hall and the Main Library (fig. 1). 

 
3. The development of Isovist tool and its use  

The discussion about architectural visibility 
has its roots in the theory of visual perception. 
Within this broad discipline, for the present 
research, the more relevant studies involved the 

concept of the visible portion of space. This feature 
can be represented with the help of Isovist, 
described as the polygonal representation of the 
visible space, that changes with the position of the 
observer (Gibson 1947).  

Isovist, as a defined area generated by the 
visual rays, is developed with the help of digital 
methods (Nagy 2017). It can now be found as a 
component in the widespread software 
Grasshopper - Rhinoceros (McNill) permitting the 
dynamic generation of the 2D polygon of Isovist 
which moves during a simulated users navigation 
of a space (fig. 2). 
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Fig. 2: Ground floor plan with a 2D-Isovist obtained with the Isovist component in Grasshopper  

 

Isovist offers a variety of measurable elements 
that could be helpful in transforming a qualitative 
observation into a quantitative one. Over the 
years, Isovist has been used to observe and 
measure spatial features that have been able to 
help interpret architecture (Benedikt, McElhinney 
2019). For example, the visual openness measured 
with the help of Isovist is related to user 
satisfaction of dense urban areas (Fisher-
Gewirtzman 2010) because it generates sense of 
safety, directly connected with the knowledge of 
space and orientation (Conroy Dalton et al. 2015; 
Mahdzar et al. 2019). This new tool is recognized 
as an integration of traditional studies about the 
legibility conditions of an environment (Lynch 
1960), the interaction between space and the 
observer (Gibson 1979), and the wayfinding 
phases process (Golledge, Stimson 1997).  

The three-dimensional potential of Isovist was 
expressed by Benedikt (1979), who defined it as 
the “set of all points visible from a given vantage 
point in space and with respect to an 
environment”.  Some studies introduced new 
elements in order to extend it to visibility graphs 
(Turner et al. 2001) and to transform the polygon 
in a polyhedron, permitting the generation of an 
Isovist volume into the virtual model, which can be 
described by its shape and measurable 
characteristics (Penn et al. 1997; Varoudis, Psarra 

2014; Lonergan, Hedley 2015; Krukar et al. 2020).  
Starting from the viewshed concept, defined as 

the terrain visible from a major viewpoint (Lynch 
1976), a 3D version was proposed with the 
viewsphere tool (Yang et al. 2007). The 
combination between third dimension and 
dynamism is the aim of studies (Ünlü et al. 2019) 
that use sequential three-dimensional Isovists as 
polyhedral portions of space that have their centre 
at the observer’s viewpoints changing along a 
path. 

Furthermore, the realism of images has been 
carried forward by studies adding the contribution 
of visual features of cylindric form of panoramic 
photography (Fisher-Gewirtzman 2016) or 3D 
point clouds (Dalton et al. 2015) and proposing the 
use of a Lidar tool (Lu et al. 2019). 

What is important in the present research, 
however, is the use of the contrast between a non-
realistic digital model and a projection of 
panoramic photography. The movement inside the 
model simulates user navigation and the 
subsequent appearances, which can be observed 
from any point of view. 

 
4. The PanoProj tool in a virtual model  

The visualization of a series of representations 
of the space visible to an observer was conceived 
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in different phases: the realization of a virtual 
model capable of hosting parametric applications, 
the choice of the way in which the panorama 
photos are inserted into the model, and the 
projection of photo images into the same model. 
The combination of the instruments used 
suggested the name of PanoProj. 

4.1 The virtual model  

The University Palace was subjected to 
different kinds of surveying methods. The whole 
building was surveyed with metric procedures and 
image based modelling and nodal photography 
techniques were applied to certain spaces1.  

A non-realistic three-dimensional model 
focusing on the opened space of Entrance Hall and 
courtyard was carried out. This model is not 
intended as a final result, but as a support for the 
next phases which are realized in a parametric 
modelling environment in order to take advantage 
of the transformation needed in a user movement 
simulation. 

4.2 Panoramic photography insertion  

For the present study we used panoramic 
photography2 as an effective tool to simulate 
realistic images taken from a point of view and 
extended to the whole space. Panoramic 
photography, as it is known, portrays a place with 
an angle of 360 horizontal degrees and 180 
vertical degrees covering the surface of a 
projective corresponding sphere developed 
approximately in an equirectangular projection. 

It is possible to project the panoramic image on 
various geometric surfaces. Studies previously 
cited (Fischer-Gewirtzman 2016) used cylindrical 
projection to describe the most perceptually 
relevant spatial factors in the vision of an external 
environment. Other research experimented with 
spherical representation as an effective tool for 
investigating (Jabi 2001) and surveying 
architecture (Calvano 2018).  

In the present workflow, however, the cubic 
representation was chosen because it provides six 
different perspectives each in a plane surface (fig. 
3), which can be used as single images to be 

projected into the virtual model applying the 
Grasshopper Image Sampler component. The six 
perspectives share the same viewpoint at the 
centre of the cube, and they differ in the direction 
of the gaze, obviously perpendicular to each face. 
The other projections of the panoramic 
photography (spheric or cylindric) share the same 
viewpoint, as they are produced from a single 
shooting point, so they result in projective 
correspondence, and they offer the same 
perception to the observer. 

Moreover, each perspective composing the 
cubic projection is close to a natural vision. For this 
reason, it was previously used for an intuitive 
identification of a 3D Isovist (Càndito, Meloni, 
Castro 2020). The same cubic projection was the 
basis for experimentation with immersive 
techniques that hybridise photographic shooting 
with graphic integrations (Olivero et al. 2019). 

In this phase, the grid of a cube of 3.20 mt. per 
side was built in the virtual model. It has the lower 
face coinciding with the floor in order to have the 
viewpoint in the centre (1.60 mt. height) used to 
the panoramic shot.  The cube can be moved with 
its centre, to simulate the user shift, always taking 
advantage of the dynamic features of the 
parametric model (fig. 4a). The viewpoint and the 
edges of the cubes are respectively underlined 
with a sphere and pipes (fig. 4b). 

The single panoramic images were positioned 
in the correspondent faces, with the 
aforementioned Image Sampler component, that 
could be customized in terms of transparency 
values, with the help of the Human plugin. The 
result was observed from a camera placed at the 
shooting point, with the target perpendicular to 
the surface of the cube (fig. 4c). The same focal 
length of the shot (2.60 mm.) was used. 

In this paper we describe a path with its start 
at the Entrance Hall (step A) and its end at the 
centre of the courtyard (step C). In order to reduce 
the algorithmic calculation, the representation of a 
single face coherent with the main direction can be 
chosen, as it is comparable with the portion of the 
space approximately perceived by a user (90 
degrees), but we can also add other apposite 
portion of images extending the angle to 180 
degrees or more. 

 

                                                             
1 Realistic 3D-models of some rooms are realized by image 
modeling techniques, due to their features, such as the Sundial 
Room which is not the subject of this paper. 
 

2 We used the Ricoh Theta Z1 camera, equipped with two 
lenses with a focal length of 2.6 mm and an angle of view 
greater than 180°. 
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Fig. 3: Panoramic photography projection: cubic projection of the Entrance Hall (ground floor) and its upper view 
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Fig. 4: The virtual model (PanoProj phase 1) and the insertion of a moveable panoramic cube (PanoProj phase 2). Entrance Hall 
at the ground floor (step A)  

 

4.3 The cube projected into the model 

The third phase of PanoProj consisted in the 
projection of the image on the surfaces of the 
model in order to obtain the representation of the 
limits of the space viewed by a user along the path. 
This kind of projection is not automatically 
generated within a three-dimensional modelling 
software; in Rhinoceros and Grasshopper, for 
example, only the one generated by an infinite 
centre are realized with the Projection component. 
However, there are various studies which identify 
the process using a camera as a centre of 

projection by a script code (Majewski 2019) or 
applying mathematical functions (Expression 
component), in some case changing the domain of 
geometric entities related to the projected image 
(Gross 2019). The second solution was preferred 
for this tool, consisting in a projection of different 
points of a grid superimposed on the image, by the 
construction of visual rays and their intersection 
with the model surfaces. 

The first aspect analysed concerned the 
understanding of the characteristics and potential 
of the Image Sampler component, in particular 
regarding the attribution of a numeric value to 
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each point of the grid according to the pixels of the 
image. 

Although it is possible to maintain the 
chromatic characteristics of the image using the 
RGB channel of Image Sampler, it was decided to 
use the black and white version, as it is identified 

by a numerical value according to the degree of 
brightness in a range from 0 (black) to 1 (white). 
In this way, the points of the grid described 
became centres of circumferences whose rays 
coincided with the respective value of brightness 
(fig. 5a). 

 

 

Fig. 5: PanoProj phase 3 algorithm: the projection of the cube into the 3D-model. (a) definition of the circumferences algorithm 
(b) projection of the circumferences points algorithm; (c) Entrance Hall (ground floor)-Front face of the cube; (d) Courtyard 

(first floor)-Left and Top faces of the cube 
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Fig. 6: PanoProj: perceived surfaces and cubes of the start (step A) and the end (step C) of the path, as it is seen in fig. 5 
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Each face of the cube was calculated in order to 
match the image features: it is reparametrised and 
divided with the number of the image pixels (u= 
320; v= 320).  

Other applications used different geometries 
regarding the representation of the data provided 
by the Image Sampler, as spheres (Tedeschi, 2010, 
p. 110-111), whose sizes are always dependent on 
the brightness of the image, or horizontal or 
vertical segments of variable length (Gökmen 
2019). 

The algorithm was simplified by the help of 
Remap domain component which reduced the 
circumferences to an appropriated scale (Olthof 
2021). Then, they were projected onto the three-
dimensional model surfaces (Gross 2019) (fig. 5b) 
using the Divide Curves component that identified 
10 circumferences points, each of which projected 
with a single visual ray originated from the 
viewpoint. Rays were intersected with the 
surfaces of the model (Surface Line) generating the 
projected points. The Shift Path and Tree Statistics 
components were finally used to exclude those 
circumferences that had some points which were 
projected outside the surface in consideration. The 
final step consisted in tracing the curves 
(Interpolate Curves) projected after being 
remodulated and selected. The process was 
repeated for each individual surface of the model 
which received the projection, permitting separate 
analysis.  

The sum of all the projections on the different 
surfaces coincides with the discretised image that 
materialized the simultaneous visualisation on the 
model of the users and what is visible by them (fig. 
6).  

5. Public and private courtyards 

The PanoProj tool can lead to spatial meaning 
interpretation of the examined architecture. In the 
Entrance Hall (step A of the analysed path) of the 
University Palace, we can observe the limited 
importance assumed by the two-dimensional 
Isovist (fig. 2) in this kind of space. From this point 
of view, in fact, the users see, principally, the 
monumental staircase with the sculptured lions 
designed by Domenico Parodi (beginning of the 
18th century) (fig. 4). They can appreciate the 
sensation of being immersed in a double-high 
space, so they can perceive not only the front-view 
of the first-floor courtyard loggia at the top of the 
staircase, but also its portions extended on both 
sides as far as the façade. They can also see a part 

of the second-floor porch, the staircase positioned 
in the opposite part of the building and a glimpse 
of the sky (fig. 5 and 6). 

At the second step of the path, at the top of the 
first staircase, the view doesn’t meaningfully 
change, and users have a view of the Entrance Hall 
and the courtyard, although in a more extended 
way. Observers in this position can perceive a vast 
portion of the elevation of the courtyard as we can 
see in the panoramic image (fig. 7). In the two-
dimensional vertical Isovist (fig. 8a) one can 
observe the limitation of the view caused by the 
vauls of the porch.  

It is interesting to observe that, with the planar 
Isovist, we obtained a visible portion of space, 
although limited, through the twin columns (fig. 
8b). This is not reflected by the panoramic photo 
that shows a minimal overlapping in the higher 
part, which is due to the tapering of the columns. 
The three-dimensional Isovist always leads to a 
more detailed observation of the space. 

 

 

Fig. 7: Panoramic image from the porch of the courtyard, 
first floor (step B) 

 
With the help of a three-dimensional Isovist, 

the peculiarity of the Jesuit College of Genoa can 
also be appreciated. Due to the steep terrain of 
Genoa, some aristocratic palaces were built with a 
characteristic disposition that allowed 
conspicuous land levelling to be avoided. This 
happened in some of the well-known Strada Nuova 
Palaces, for example in Doria Tursi Palace (1564) 
by Domenico e Giovanni Ponzello, and Tobia 
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Pallavicino Palace (1558-61) by Giovan Battista 
Castello. A similar structure was adopted by the 
same Bartolomeo Bianco in the Gio Agostino Balbi 
Palace, differently transformed by Andrea 
Tagliafichi in 1774 (Colmuto Zanella, De Negri, 
1987). 

Jesuit colleges usually have two courtyards: a 
public one with the classrooms and a private one 
with the fathers’ lodgings. Far from being 
transgressive from the traditional architectonic 
rules of the Order, the solution chosen by Bianco 
shows an effective separation of the two functions 
which does not limit itself to putting the private 

function on the third floor, above the two levels of 
public spaces. In fact, from the courtyard and its 
porch (steps C and B of the path), naturally 
interpretable as the most public space, users can 
appreciate a view open to the main spaces of the 
college: the entrance, the first-floor classrooms, 
the staircase to the second floor, the second-floor 
porch with the main Assembly Hall.  

However, the fathers’ lodgings are out of sight 
as they are set back in a calculate way, and visitors 
are not able to see them, as is shown by the vertical 
projection of the Isovist (fig.  5-8).

 

Fig. 8: Two-dimensional planar and vertical views. Left: the porch of courtyard, first floor (step B); Right: Public and private 
views from the courtyard, first floor (step C) 
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6. Conclusion 

The study presents a possible combination of 
3D virtual model and panorama photo in a new 
version of three-dimensional isovist, which has 
been called PanoProj. The workflow entails 
creating a parametric virtual model of the space 
studied with a sequence of moveable cubic 
configurations which incorporate cubic 
projections of panoramic photography. These 
panoramic photos are projected using a 
parametric algorithm. The result is a sort of virtual 
tour which provides a series of representations of 
the space visible to the observer, perceptible from 
different points of view offered by the virtual 
model.  

Although the simulation of movement in the 
architectural interior space should be perceived as 
fluid, a limited number of positions are 
represented in this paper: three steps from the 
Entrance Hall to the centre of the courtyard. 
Another limit is the selection of some faces of the 
cube at a time, for modelling computation, but this 
also coincides with the approximation of the 
natural limit of the angular extension of a defined 
human view. At the same time, the other cubic face 
projections may be added, as we have 
demonstrated. 

We chose as a case study, the 17th century 
University Palace of Genoa in Italy, because it is a 
peculiar Jesuit College with the only courtyard at a 
higher level to the Entrance Hall. The sloping 
terrain imposed these choices, but the privacy 
necessary for the fathers’ lodgings, granted by a 
second courtyard in all the other Jesuit Colleges, 
has not been ignored. In fact, the Isovist allowed us 
to confirm the invisibility of the private structure 
from the public courtyard. 

Further observation of the visibility of spaces 
demonstrated the necessity for a three-
dimensional isovist because the two-dimensional 
version does not permit a complete involvement of 
all the visible spaces. For example, from the 
double-height space of the Entrance Hall, we can 
easily observe how many users can anticipate the 
space of the first-floor courtyard and its annexed 
public spaces.  

PanoProj is used only for qualitative analysis, 
however as it is intended as a 3D-Isovist tool, it can 
be applied to the study of spatial features through 
the potential computation of the digital parametric 
model. Indeed, in this research, it was sufficient to 
define the space with its boundary surfaces, but 

the polyhedron representing the visible volume 
during its dynamic transformation can also be 
identified and be measured through its geometric 
properties. 

Finally, PanoProj can help in studies about the 
perception of space, although it is clear that it 
should not be the only method used. In fact, a 
profound knowledge of the historical and physical 
context of an ancient building should always be the 
starting point in order to identify where and how 
different tools should be applied for the 
investigation purposes.  
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