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Technologies and techniques offering new interpretations of the

landscape evolution

The need for specific documents in terms of en-
vironment and landscape has its origin in late
Eighties, when in Italy both at European and Re-
gional level several dispositions related to the
improvement of the landscape quality came out
to guarantee the compatibility of territorial tran-
sformations. Within this traditional context, how
innovative, mainly BIM-oriented, technologies
can be useful in offering new ways of interpre-
tation for the landscape planning and safeguar-
ding? The aim of the present work is to read and
translate landscape elements using digital BIM-
oriented platforms, in order to develop an opti-
mized procedure to collect/organize/implement
data and define guidelines for landscape and
visual impact assessment; furthermore, the aim
is to understand the limits that are still present
within available tools. After having read the fea-
tures of the territory another key point is the cre-
ation of digital parametric libraries to represent
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environmental mitigation works. As far as visual
mitigation works are concerned, visibility analysis
of the infrastructure is possible through Virtual
and Mixed Reality. Once the modeling of specific
components is performed, they can be located
within the contextual model, where outputs rela-
ted to the “whole” can be extracted and updated
afterwards. New digital technologies and techni-
ques undoubtedly offer new interpretation sce-
narios of the landscape evolution; nevertheless,
there are still strong limits related to the interac-
tions among these tools. The present work provi-
des a valid methodology to involve landscape and
urban planning in the BIM process. The research
also proposes a series of BIM oriented tools and
software to develop a typical output (landscape
report) required during the design process, use-
ful for landscape architects.
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INTRODUCTION

In the Medieval Age, “landscape” was used as a
synonym for “region” and “territory” in most of the
Germanic languages; from the beginning of the XV
Century landscape became a pictorial genre. The
use of landscape as a scientific term is relatively
new. Today, landscape refers not only to a pheno-
menon described and analyzed by scientific me-
thods, but also to a subjective experience which
has perspective, aesthetical, artistic and existen-
tial meaning [1]. It is characterized by dynamic
and frequent changes.

Currently the built environment, in economic
terms, uses and functions, can be categorized in
three different areas: infrastructure, landscape
and architecture. Infrastructure is associated to
public works designed by civil engineers, archi-
tecture is buildings designed by architects, and
landscape is something a bit more difficult to
define, but related to the figure of landscape ar-
chitects [2]. Even if the awareness for an integra-
tive urban design is perceived as a key principle
in infrastructure design, the contemporary frag-
mented sector of competences fails to obtain the
predicted objectives. Though there are interesting
examples of multi and interdisciplinary design-re-
lated research on the infrastructural landscapes
themselves, the potentials of infrastructure for
performing the additional task of shaping urban
landscapes is largely unexploited [3].

The Information Age could be described by the
shift from traditional industry brought by the In-
dustrial Revolution (through industrialization), to
an economy based on digital information (com-
puterization). The definition of what digital means
(or what information means] continues to change
over time as new technologies, user devices, me-
thods of interaction with other humans and devi-
ces enter the domain of research, development
and market launch. Architecture and engineering
fields have been affected by this shift too, tran-
sforming traditional processes and code of practi-
ces with several benefits in many aspects of their
professional activity. Indeed, Building Information
Modeling (BIM) is more and more preferred by
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professionals from the AEC industry, and can be
defined as a set of interacting policies, processes
and technologies generating a methodology to
manage project information throughout the ove-
rall life-cycle [4]. Managing the overall life-cycle
means that several operative tools need to com-
municate and share information at each stage.
Preliminary design stages of an infrastructure
are addressed to manage environmental, urban
and regional aspects, with specific tools able to
process a big amount of data at larger scale in
order to evaluate constraints and to analyze ge-
omorphological characteristics, natural systems,
architectural and historical aspects, archaeologi-
cal aspects and perceptual qualities.

Now Landscape architects use analogue and di-
gital media to research and design urban areas
and the countryside [5]. Few examples of the ap-
plication of urban design tools qualified to interact
with BIM environment exist, such as: Geographic
Information Systems (GIS) for the analysis, con-
servation and enhancement of scenic-perspective
aspects of landscape [6]; the social potential of
web-based technologies in landscape architec-
ture and community design [7]; real-time urban
air quality observations and the integration with
model information [8]; a holistic multi-D model of
a city for different purposes [9]. Furthermore, in-
teroperability of information allows to effectively
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integrate disciplines and professionals involved in
urban design and planning. Several studies have
highlighted the importance of using digital tools
in planning to improve understanding of projects
in landscape planning and urban planning, and to
improve communication among designers, clients
and lay citizens [10;11].

Within this context, how innovative, mainly BIM-
oriented, technologies and techniques can be use-
ful in offering new ways of interpretation for the
landscape planning and safeguarding?

The research work developed proposes a valid
methodology to implement BIM-oriented softwa-
re as tools for the digitalization of the process of
interpretation, analysis and design of landscape
architecture. Three main aspects of the process
have been investigated: a) which data can be used
for developing landscape analysis with BIM sof-
tware, current features and possible implemen-
tation; b) how parametric objects can improve
landscape planning; c) the role of Virtual and Au-
gmented Reality (VAR] applications for visual im-
pact evaluation purposes.

METHODOLOGY

Encouraging BIM adoption also means using BIM
for innovative purposes, following roads less tra-
velled, to identify the importance of BIM in several
environments, for instance in architectural lan-
dscape design. Landscape professionals should
take a positive stance towards BIM-oriented tools,
that could work well as decision-support tools
within several landscape domains. Innovative to-
ols could work together with traditional methods,
at least in a first phase of integrating methods and
tools among each other. As discussed before, with
the exception of few isolated applications, cur-
rently it is not possible to identify an exhaustive
methodology setting up a system able to involve
landscape architecture design within BIM collabo-
ration. The current research activity aims at de-
fining possible lines of action to achieve specific
results by using BIM-oriented tools and methods.
The strategy aimed at defining a possible scena-
rio for the BIM implementation and involved the
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development of a traditional output within the
landscape analysis stage, entitled Landscape Re-
port. This document is required by D.Lgs. 42/2004
art.146, clause 3 in Italy and, in this case, has been
produced using BIM-oriented tools for a specific
case study of an infrastructure project. Further-
more, it was paramount to define BIM standard for
Landscape Architecture, highlighting specific re-
quirements and needs that landscape disciplines
imply. Such a structured approach of integrating
BIM within planning processes could be useful for
several case studies, for instance civil engineering
projects, urban development and buildings.

The present work aims at defining a methodology
able to understand which data is possible to col-
lect and to use in the processing of information
related to the analysis of the landscape, taking
into account new tools that could help within the
process itself.

For this reason, the methodology framework is
made of the following main steps: data collection,
data processing and data output. In this case, data
collection was developed analyzing and using both
on-site surveys made with innovative technologies
and through the interpretation of available carto-
graphy and OpenStreetMap’s dataset.

Data collection phase is then followed by the data
processing stage, which in turn is subdivided
in different subsections, each of them reaching
specific objectives in terms of results. Data pro-
cessing firstly implies the analysis of data pre-
viously collected, starting from the description
of environmental and landscape characteristics.
Landscape-related data is then organized in di-
gital maps containing information such as histo-
rical housing systems, agricultural landscapes,
historical territorial textures, panoramic routes
and particular archaeological and architectural
characters. After having identified constraints
from Landscape Plans and interpreted landsca-
pe elements using digital platforms and having
extracted as output digital functional maps, it
was necessary to understand how to represent
environmental mitigation works designed for the
intervention. In this case, the approach included
the definition of standardized libraries of objects
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as starting point for customized components. To
realize that purposes, accurate parameters have
been defined and then used to create parame-
tric models, in which objects have been modelled
around dimensional and alphanumerical parame-
ters. Lastly, data processing involves a validation
phase, in which visual mitigation has been che-
cked through Virtual and Augmented Reality (VAR])
techniques, giving the chance to perform a visibili-
ty analysis of the infrastructure using these tools.

After having modelled specific components, they

were placed within the contextual model, where

outputs related to the “whole” can be extracted
and updated afterwards.

Undoubtedly, Virtual reality has a greater impact

than bidimensional images, because it involves an

immersive experience in virtual reality including
the context and all infrastructures involved, bet-
ter representing the effective result of the project.

Within the methodology, the last step was repre-

sented by data output; each step of data proces-

sing made a specific result possible and namely:

e the definition of digital landscape maps in
which territorial features are stored;

e the extraction of digital terrain models using
GIS-data;

e the modelling of standard parametric com-
ponents useful to represent mitigation works
within BIM environment, in order to keep a
repository of such data;

e the performance of VAR simulations to better
communicate and explain the features of the
infrastructure project.

The case study used to develop planned activities

as presented before has been the state road n°21

“della Maddalena” - Variant project to Demon-

te, Aisone and Vinadio residential areas - Part 1:

Variant project to Demonte. The intervention has

the main objective to transfer the vehicles traffic

which weighs on the residential area of Demonte
to a new route that surround the town. The prefer-
red alternative for the intervention is composed by
two viaducts (Perdioni viaduct of 324 m of exten-
sion and Cant viaduct of 135 m) and one tunnel of

635 m, plus some road parts and two roundabouts

for the intersection with the existing road.
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RESULTS

The Landscape report evaluates the intervention
with respect to the current state of the landsca-
pe, the valuable elements of landscape which are
in it, highlighting the impacts on the landscape of
the proposed intervention and elements of miti-
gation and compensation needed. The evaluation
is usually performed analyzing the following main
environmental features: i) analysis of the current
state of the landscape; ii) analysis of the levels of
protection operating in the landscape of interest;
iii) landscape compatibility assessment, and in
particular: a) simulation of the context post- inter-
vention, b) previsions of the effects of transforma-
tions and c) mitigation works needed. The imple-
mentation of the aforementioned analysis in the
BIM method is possible through the adoption of
different tools and taking advantage of the intero-
perability process, considering that the workflow
between GIS and BIM data is not always linear, so
it involves a percentage of data losses.

Digital landscape maps

The analysis of the landscape conditions, expres-
sed in points i) and ii] has been managed using a
single software environment, which was Autodesk
Infraworks. The digital platform was useful to re-
present the current state of the landscape; in par-
ticularfor the creation of the Digital Terrain Model
(DTM) and the context modeling. For instance,
roads, railway, buildings and water features have
been modelled using OpenStreetMap’s datasets,
while imagery came from satellite imagery from
Microsoft Bing Maps that then was draped over
the DTM. Interesting features have offered the
possibility to enhance the level of accuracy of the
model by the integration of on-site surveys, such
as point clouds.

Two-dimensional information (both punctual and
spatial] typical of the levels of protection have
been added to the model using shape files formats
(typical of the GIS domain] which were downloa-
ded from the public institution website of interest.
The result obtained has been a three-dimensional
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model of the landscape which can be dynamically
queried and explored in order to perform landsca-
pe analysis. The automatic creation of maps con-
cerning landscape constraints it is possible only if
information is collected in digital formats, other-
wise time for converting 2D or text information
needs to be taken into account during the process.
Furthermore, a low-detailed version of the inter-
vention has been modelled, in order to represent
the basis for the compatibility assessment.

Parametric components for mitigation works

Creating parametric components useful for re-
presenting mitigation works within the BIM en-
vironment is a new challenge for the BIM imple-
mentation in landscape architecture and urban
planning. Currently, a BIM library does not exist
for these type of works and at the same time BIM
applications are not ready yet to handle envi-
ronmental information. The design of mitigation
works entails the use of specific modeling softwa-
re, which are capable to manage a greater level of
development (LOD), in order to represent detailed
information.

In this context, object libraries are essential con-
sidering standard objects as starting point for
the definition of specific project-based elements,
adapting generic objects to the peculiarity of the
case study. Furthermore, a well-thought parame-
tric model is modelled using parameters that can
be changed in order to allow for customization as
required within the landscape project. A suitable
example for the demonstration of the methodo-
logy might be the creation of an acoustic barrier,
modelled as planned and described within the
Landscape Report. In this case, each part of the
barrier was modeled using the parametric sof-
tware Autodesk Revit, including elements such
as the steel column, the steel protection profile,
the acoustic panel, etc. Once completed this pha-
se, the main problem in using BIM methodology
for infrastructure projects in general is the lack of
BIM applications able to interact with the road ali-
gnment and the ground surface. For this reason,
to solve this limitation, a visual script was created
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Fig. 7 - Dynamo script for barriers location in the project
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with Dynamo.

The use of the visual script Dynamo allows to
overcome the limitation of the BIM application,
providing the possibility to read an alignment and
divide it at the characteristic placement points,
useful for locating the BIM objects along the path.
The advantages of creating a BIM library are many,
starting from the design point of view. Indeed, the
development of multiple types of the same object,
for different level of development, can simplify the
design activity of landscape architects. Each pa-
rametric object can be also enriched of informa-
tion by the creation of specific parameters for the
storage of heterogeneous data; for example it is
possible to connect different types of data such as
technical or acoustic sheets, environmental moni-
toring outputs, regulative constraints, etc.

Visual impact with VAR

The visual impact of the landscape transformation
was verified through immersive virtual reality ap-
plications. As previously explained, the model in-
cluding the landscape and the infrastructure was
realized within the software Autodesk Infraworks.
In order to perform VAR simulations, that model
was then exported using a file format compati-
ble with the real-time creation platform chosen,
in this case Unity. The file format chosen was the
FBX (Filmbox), which provided a direct interope-
rability between two digital content creation ap-
plications. After having imported the model the
first step was to scale it in proper dimensions and
reassigning textures; the result of this activity
was a model with proper textures as assigned in
the starting model. The idea was to realize a tra-
ditional intervisibility and visual perception map,
making it an interactive experience in VR. First of
all, the two main visual areas were defined; within
these areas several points of view were identified
and divided in views where the intervention was
visible and views where the intervention was not
visible, assigning as reference colors green for
the first case and red for the second one. The map
was set in order to start the application from a top
view where visual cones are visible; the user can
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select a specific visual cone by pressing a but-
ton with the name of the specific view in order to
check the visibility or not of the infrastructure in
that specific location. Once moved to that location,
the user can check the situation before the inter-
ventions by “colliding” with the text “view before
intervention”; by getting closer to the text an ima-
ge representing the current situation appears, in
order to make a real-time comparison between
the project represented within the model and the
situation before the realization of the intervention.
The result shows that it is possible to use the mo-
del as a direct and interactive mean of commu-
nication, to give the chance to experience an im-
mersive navigation within the model representing
the project infrastructure, but at the same time to
visualize the current situation for real-time com-
parison between the project and the real context.

CONCLUSIONS

To conclude, new digital technologies and tech- o
niques undoubtedly offer new interpretation sce- L 4
narios of the landscape evolution; nevertheless,

there are still strong limits related to the inte-
ractions among these tools, mainly related to the E—
automatic connection among outputs extracted 4. BY APPROACHING THE TEXT VIEW BEFORE INTERVENTION THE IMAGE
from different platforms. Infact, this workflow hi- OF THE CURRENT SITUATION APPEARS

ghlighted the lack of tools currently able to carry
out specific analysis for the purpose of a Landsca-
pe report. Furthermore, it is necessary to under-
stand the compatibility of tools and objectives, in
terms of output; of course these techniques pave
the way to new kind of representations at terri-
torial scale. For this reason, it may be advisable
to reconsider actual practices in terms of handed
output for the purpose of landscape analysis, in
order to find a way to integrate disciplines that are
currently quickly expanding across several sec-
tors. The advice refers not only to professionals
of the landscape and urban planning sector but
also to Public Institutions which are responsible
to share laws and constraints related to the lan-
dscape environment, in order to accomplish the i
objective of the digitalization. The first phases are
undoubtedly not easy to overcome, but as it hap-
pened within other sectors, coming across with Fig. 9 - Acoustic barrier - Plan and Front View - Properties and link to the technical sheet
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the BIM environment is unavoidable nowadays.
For this reason, it is recommended to be prepared
and qualified to face the new challenges to come
and getting experiences to achieve specific results
with these tools and methods, in order to be aware
of both benefits and issues.

Above all the difficulties, the present work provi-
des a valid methodology to involve landscape and
urban planning in the BIM process. The research
also proposes a series of BIM oriented tools and
software to develop a typical output, the Landsca-
pe report, required during the design process,
useful for landscape architects. Further steps
would include a development of this draft appli-
cation in order to define a collaborative platform
in which all data related to documents such as
landscape reports are stored. The ideal situation
would include the chance to re-use already set
information, in order to optimize the first phases
of analysis and study of the context and shorten
times by avoiding delays.
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