








ANATOMOGRAPHICS: THE PARALLEL LIVES OF MEDICAL AND ARCHITECTURAL
DISCIPLINES

Fig.3Jacopo Barozzi da Vignola,
Tuscan order (Barozzi da Vignola,
1889, plate Ill).

‘technologies’ to acquire, establish and transmit informa-
tion. In other words, to create the reference database about
families of structures as well as specific ones. Architectural
manuals and anatomic atlas, flourished since the XV cen-
tury, provide clear evidence of this phenomenon and even
today still represent an untouched vehicle of knowledge
transfer (Figures 2, 3). Nevertheless, technology has been
increasingly providing new instruments tending to enhance
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Fig. 4 Wilhelm Rontgen, X-ray
by Wilhelm Réntgen of Albert

von Kolliker's hand, 1896. Image
courtesy: Wikimedia Commons,
the free media repository.
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and finally transform this consolidated scenario. The core of
this change is strictly connected to the use of a new class of
images no more produced by a skilled painter or sketcher,
but instead automatically generated by some kind of equip-
ment: photography and radiography. Both share the same
projective principles: a family of straight lines (light from the
object, the x-rays from the radioactive source), converging in
a center of projection (the focal point of the camera or of the
radiographic equipment) and cut by a plane (the film). For
the first time in history, there was a way on one side to docu-
ment point by point the surface of objects and, on the other,
to materialise on a surface the image of biological structures
that where beyond the skin of living bodies (Figures 4, 5).

Since these fundamental steps, terrific progresses have
been made even before the so-called digital revolution.
Photography has quickly developed into photogramme-
try thanks to the theoretical achievements of Guido Hauck
(Migliari, 1989) at the end of XIX century becoming a key
technology for surveying built artefacts. Thanks to continu-
ous technological achievements, it has maintained its role of
high-end technology until the end of XX century (Bianchini,
2004). Radiography followed a different path (Figure 6): be-
fore becoming commonplace, it had not only to solve the
technological issues connected with dimensions, radioactive
materials supply and general safety, but also with the ‘read-
ing’ of the images impressed on the film. Differently from
light rays that allow the precise reconstruction of the straight
line connecting the objectual area to the corresponding
point of the photograph, the emitted x-ray crosses complete-
ly the biological structures between the emitter and the film
so that each point of the image could represent any point of
the objectual layers encountered. This ‘geometric’ uncertain-
ty actually affects the representation itself as the shading of
each point directly depends on the average density of the
structures crossed.

In this framework, while a photograph is ‘iconic’, namely
a generally and immediately recognizable representation
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Fig. 5 Louis Daguerre, Picture
of Boulevard du Temple, 1838.
https://enwikipedia.org/wiki/
File:Boulevard_du_Temple_by
Daguerre.jpg.
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of the pictured object, radiographs appear instead vague
simulacra of the portrayed body and undetailed represen-
tations of its structures (Figures 6, 7). In fact, soon after the
discovering of the physics of the phenomenon and the envi-
sioning of its medical applications, it has taken much time to
develop a method capable to backread the 3D source from
the impressed image. The strategy, still valid, has been two-
fold: on one side set up reference standard images of organ-
isms adopting a statistic approach, on the other enlighten in
terms of pathology any possible variation with respect with
this standard.

Despite the very quick and very wide success of this tech-
nology for diagnosis and some improvements in terms of ac-
curacy, the ‘modelling’, i.e. the reconstruction of the biunivo-
cal correspondence between 3D biological areas and points
on theimage was totally depending on the skill of the reader.
This scenario has though radically changed after the migra-
tion of this method into the digital environment.

The transition from analogic films, always one and only,
to digital images made of pixels has been the first crucial
step. Images have in fact somehow ‘dematerialized’ becom-
ing raster files, namely a matrix of values each one represent-
ing a punctual reading of the energy received from the x-ray
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Fig. 6 Sheng Chen and Yuantao
Cai, Enhancement of Chest
Radiograph in Emergency Intensive
Care Unit by Means of Reverse
Anisotropic Diffusion-Based
Unsharp Masking Model.

Fig.7 Nick Veasey, 1972 Land
Rover Surfer, 2018. ZZRENA
Calleries and Gardens, Ed. 12/25
(2018).
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source. From this ordered set of data, the classical impres-
sions on a film or their screen projections are just two of the
possible secondary elaborations of the same original file. The
above-mentioned transformation led quickly to envisage an
x-ray generator that, moving around the body and projecting
on detectors positioned on the opposite side of its circular
trajectory, could generate several shots of the same struc-
tures from different angles. It is the well-known Computed
Axial Tomography (CAT) now become Computed Tomogra-
phy (CT) (Fishman et al.,1991; Toennies, 2017. Figure 8).

In this case, all radiographs have in common the inter-
nal orientation and density as well as the position in space
of each center of projection as the movement of the emitter
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Fig. 8 TC Images. https://upload.

wikimedia.org/wikipedia/
commons/s5/50/Computed_
tomography_of_human_
brain_-_large.png.
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with respect to the object is tracked. It is quite easy to recognize
the same geometric background of photogrammetry, both in its
analogic ‘vintage’ version and in the present one (the so-called
Structure from Motion - SfM). The projective core of both sys-
tems lays on the 3D reconstruction of several projective rays all
crossing in a certain 3D point. While SfM can directly achieve this
result just acknowledging the geometry of the system, CT must
instead introduce an additional computation. As we already
mentioned, an x-ray produces on the projection plane (receiver)
a point (pixel) thatis not the 2D projection of a corresponding 3D
source but instead of an entire segment, namely the intersection
with the crossed structure. The visual representation of this raw
data (the sinogram) is not sufficient for interpretation. In fact,
it must be processed using the so-called ‘tomographic recon-
struction’ that produces a series of cross-sectional images where
pixels are displayed in terms of relative radiodensity according
to the Hounsfield scale (Toennies, 2017). These 2D images not
only are the result of a sophisticated mathematical computing
but also the product of a secondary projection that grants them
a clear iconic value. CT images take in fact the form of slices cut
perpendicular to the feet-head direction of the patient. They
thus approximate the sections we could perform on the real
body and from this feature descends the iconic value we men-
tioned before. In this framework, it connects directly with the
system of representation widely used in the pages of anatomy
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Fig. 9 Voxelization. Immagine
da http://cdn.wolfire.com/blog/
voxel/voxels.jpg.
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treatises. Even if the mathematics underneath is much compli-
cated (Bradley, 2008), we can intuitively understand that froman
ordered spatial sequence of planar tomographies we can build a
3D modeljust adding ‘thickness’ to each slice. This process called
‘voxelization' (Cohen-Or & Kaufman, 1995. Figure 9) actually
transforms the bidimensional pixels into their solid counterpart:
the 3D voxels. Thanks to this sophisticated interpolation, CT al-
lows for the construction of 3D models of the investigated struc-
ture achieving the original objective of the whole process: create
a sound and reliable correspondence between 3D portions of
the real world and 3D points of the virtual one. Nowadays, we all
know that CT represents only a fractional part of medical imag-
ing. Infact, the Nuclear Magnetic Resonance (NMR), Echography,
Positron Emission Tomography (PET) and others have all become
powerful means for the anatomical investigations. For its level of
accuracy and very low impact on living tissues, NMR has quickly
become a leading method. Although its technical, operational
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Fig.10 Bianchini C,, S. Peter’s
Dome, 3D texturized point cloud
from scanner.

and mathematical backgrounds are incredibly more sophisti-
cated of all others imaging techniques (Bradley, 2008), however
it shares the same principles and objectives: discretize a physical
effect by numeric values, locate them in a common 3D space as
voxels, and build a general 3D numeric model as collection of all
voxels. None of these extraordinary technological achievements
would have determined the pervasive presence of these imaging
products without a digital infrastructure capable to store, process
and represent/render the mentioned above 3D numeric models:
3D modelling software. As end-users, we tend to focus on the fi-
nal outputs (images) and bypass the conceptual implications we
have discussed at the beginning about the ‘magical’ effect trig-
gered when launching any 3D modeller, namely the creation of a
3D ‘parallel’ virtual space.

Capturing technologies for architecture are quite different
from those addressing medical issues. Nevertheless, they lead
to very similar outcomes both in term ofimaging and 3D model-
ling. The background geometry is though very different even if it
is applied to the same 3D virtual environment. The ‘solid’ voxels
become in fact three-dimensional points, that is to say elements
identified inthe 3D space by a triplet of coordinates. What we see
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Fig.11 Bianchini C., Amman
Nymphaeum, 3D texturized
point cloud from SfM.

on screen is actually the projection and rendering of such geo-
metric points. Furthermore, these points are ‘directly’ captured in
the real word either as endpoints of a star of polar rays centered
in the laser beams emitter or as reverse intersection of several
light rays coming from the same material area (Figures 10,11). In
both cases, the process leads to a discretization of the real world’s
continuum much different in comparison with the voxel model-
ling. In fact, voxels fill up completely the 3D space as little cubes
attached one to anotherwhile 3D points are like outcrops emerg-
ing from an ocean of unknown data. Is thanks to the following
meshing and gap filling phases that we achieve a continuous
representation of the investigated object.

Beyond these steps (voxelization for medicine, surface con-
struction for architecture), anatomographics provide the same
opportunities for both disciplines having as pivotal element
the possibility of visualization, exploration and manipulation of
the 3D model. In other words, they allow not only doing better
what we used to do before (i.e. construct 2D representations) but
above all what before was simply not possible. The opportunities
that 3D models offer to medicine are quite evident especially for
those structures, as the brain, that have been difficult or impos-
sible to study using invasive methods (Figure 12). The same is
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Fig.12 Martino] etal.
Neurosurgery, 3D modelling of
brain structures from NMR. 2013

Fig.13 Bianchini C., Haghia
Sophia, surface interpolation,
reflectance mapping, nurbs
model.
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Fig.14 Functional RNM of
brain, https://www.google.
com/url?sa=i&url=https%
3A%2F%2Fmagazine.fbk.
eu%2Fen%z2Fnews%2Fbrain-
cancer-patient-friendly-
technology-for-a-better-quality-
of-life%2F&psig=AOvVawou
Lo1wWpl3lrDHLcfHTIzm&u
st=1591393980651000&sour
ce=images&cd=vfe&ved=2a
hUKEwjW-crYkunpAhWOP-
KHQFoAL8Qr4kDegUIARCbAQ.
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for architecture where the possibility of considering millions of
points instead of few dozens has led to more comprehensive and
grounded hypothesis thanks to 3D processing (Figure 13).

A new frontier is actually in sight: data fusion. Due to their
spatial consistency, 3D models are in fact increasingly becoming
the geometric backbone for other information that, not neces-
sarily spatial, can nevertheless be referred to a 3D space. The
so-called Functional MRN (Figure 14) is one of the most recent
examples: the anatomic structures are in this case distinguished
not only with the regard of tissue typology but also of the func-
tion deployed within the same structure. Something similar per-
tains to the geometric positioning of diagnostic investigation for
architecture (i.e. GPR, thermography, etc. Figure 15). Nowadays
models are thus more and more stratified, informative and geo-
metrically referenced.

What next then? High-end interactions using Augmented,
Mixed and Virtual Reality applications: but this is another story...
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Fig.15 Griffo M., Julia Basilica,
Overlay between 3D point cloud
from scanner and magnetic
investigations.
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