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|. Abstract

An efficiently performing building requires that, among others, sufficient natural daylight access is ensured. Building
design is in charge of the task of including performance issues in the design development in order to achieve the goals
set by rules, norms and requlations, or even beyond them. These goals require effective design exploration during which
performance is set in the center of the focus early in the design development.

Architects, who are responsible for the biggest part of the decisions, including performance functions, develop their
designs, in most cases, under an inefficient workflow, regarding the use of expertise and the timing in which they address
performance issues, in general, and daylighting, in particular. One of the most promising and widespread design systems
of the recent is years, Building Information Modelling (BIM). has enabled the development of a design process that con-
tains all necessary information in order to handle performance issues, without specific initiative and effort from the
designer. BIM systems and their consisting components, BIM objects, open new horizans regarding the possibility of
acquiring advanced workflows that can achieve addressing performance issues from the beginning of the design pro-
cess. However, only a fraction of the studies is exploiting BIM potential to a further extent than most CAD software. a
potential that is connected with BIM's fundamental behavior-oriented capabilities.

This research attempts to showcase the possibilities that arise through approaching a workflow towards this direction,
by developing a BIM supported algorithmic tool in order to address daylighting needs. The daylight requirements for the
scope of this research, were determined by the NEN 2057 daylight requlations. which are found in Bouwbesluit, the Dutch
Building Code. The Bouwbesluit daylight Regulations were found as the most appropriate alternative, because apart from
their validation in the Dutch building practise, they are a low threshold philosophy, with an embedded set of rules based
firmly on the geometric attributes of objects, which is possible to be formulated into quantitative object relations. The
algorithmic tool which was constructed for the purpose of this research was created in the visual programming software
Dynamo, which is supported by a commercially popular BIM tool, Autodesk Revit.

Through the process of developing the algorithm of the constructed tool, several aspects of the BIM object behavior are
examined, and short functions are developed promoting more advanced object interrelations. The computational pro-
cessing of the tool is divided into 3 parts. The first part is called “Mapping of the Environment”. At this part, the Wndow
design element is defined as the central daylight object in the analysis procedure and a method, based on the Bouwbesluit
daylight Regulations, is constructed in order to identify and quantify the object’s relation with the surrounding objects.
The final goal of this part is to determine the daylight evaluation of the #zzm under analysis, according to the daylight
standards.



In the second part of the tool, a process is performed in order to achieve a 2D mapping of the Environment based on the
data, as collected and constructed in the first part. This part of the process was first developed as a concept in order
to be able to demonstrate a comprehensible way of translating the surrounding environment into a 2D graphic repre-
sentation that is meaningful and helpful to the software user.

In the third part of the tool, a process in constructed in order to insert pieces of information that was derived from the
analysis procedure into the object properties and therefore the model environment, as well as the graphic representa-
tion, as derived from the second part of the tool. The main priority in this part was to import the outcome of the analysis
process into the working space of the software, as well integrated as possible, without the use of external visualization
tools which cannot be organically connected to the design environment. Apart from that, the integration concept had to
be consistent with an overall philosophy regarding the design process and the extent to which it is acceptable to be
forcefully interrupted by software-oriented urge.

The main advantage of this tool is that through the analysis it takes advantage of the object properties, aiming to refine
the object behavior by integrating daylight rules uniformly in the architectural design process and not as part of an
external or an independent procedure. The goal of this project is to showcase an alternative concept in integrating
performance aspects into architectural design in BIM environments, not by applying interoperable workflows between

design software and simulation software, but by applying low threshold rules that enrich object behavior.



2. Background

2.1 Building Performance in Architecture

Architecture is about providing solutions to given problems. Along time, the variables that architecture was dealing with
changed and, in most cases, increased. Standardization in methods of constructing and analysing, along with technolog-
ical advancements, developed the possibility for architectural design to acquire multi-scientific approaches to several
issues. These approaches are contained in the term building performance, of which most prominent aspects could be
categorized the energy efficiency, thermal comfort, indoor air quality and daylighting.

Performance-based building design is primarily founded on assembling quantifiable criteria, which in the computer-
driven era of the past few decades has been made widely accessible. That resulted into raising demand on assessing the
way buildings perform from the early design stage. As a consequence, great and consistent effort was made to develop a
wide variety of tools in order to assist in creating high-performance buildings. The greatest majority of these toaols are
Building Performance Simulation (BPS) tools which have been developed in order to perform “virtual experiments” of

the buildings function and performance (Augenbroe, 2019).

The most common Building Performance Simulation tools require powerful engines that enable detailed simulations ac-
cording to their underlying model and data sources. However, there is normally a contradiction between the "friendli-
ness" of the tool and the transparency of its function. Understanding of the embedded algorithms almost always goes
hand-to-hand with difficult to use Graphic Interface and sophisticated data representation. On the other hand, simple
input requirements and direct simulation capabilities are often combined with undisclosed result processes (Maile,

Fischer, & Bazjanac, 2007).

Depending on the use of the software, there is a distinction between the tools that perform the analysis. based on in-
teroperability. External software tools are the tools that are separated from the design software. They often require a
separate model from the architectural model or model imports and exports, which is error-prone and tedious (Schlueter
& Thesseling, 2009). This kind of software is very source demanding, since they are time and labor intensive and despite
the fact that can perform highly complicated analyses, specialized consultants are necessary so that they can be effec-
tively used and interpreted (Hobbs, Morbitzer, Spires, Strachan, & Webster, 2003). The second type of software, regard-
ing interoperability, is tools which are integrated in the same environment with the architectural design platform, in
most cases the BIM design environments. This kind of software normally is simple in use, however their simplicity and
“black box" operation can cause misinterpretation of the feedback it provides to the design procedure, since they are
not accompanied with transparency of their logic and design improvements can only occur through experience or trial
and errar.



The architects, as the main actors of the design process are often restricted by those factors. The main cause is that in
order to be able to effectively introduce performance optimization in their design they have to consult specialized engi-
neers in a procedure that interrupts the design process and that is ineffective in terms of time, cost and proper decision
making (McElroy & Clarke, 1999). As a result, performance-driven architecture, in the vast majority of the cases does
not manage to adopt an effective workflow in the design procedure (Vrielink, 2018). This inability of the wider range of
the architectural practice, to adequately respond to the performance needs, as derived from the simulations software,
is expressed in various researches (Bazjanac, 2008). (Schlueter & Thesseling, 2009).(As| & Zarrinmehr, 2015) and there-
fore a lot of research and commercial software development is directed towards implementing the various disciplines
of design through processing software that can be well integrated into the architectural design procedure (Kota, Haberl,

Clayton, & Yan, 204).

2.2 Early Stage Design

Despite the fact that the decisions made at the first design stages have the most significant impact on the performance
of a building (Shi & Yang, 2013) the common practice addresses this issue through conceptual design and the ability of
the designer to perceive performance under a personal, objective perspective. Therefare, in the vast majority of the
practice quantitative criteria are not used and the outcome is prone to false performance conceptions. On the other
hand, specialized expertise combined with architectural design is most certainly not implemented in the first design
stages, since such practise is nearly impossible in terms of resources and time for most architectural firms. The need
for widely applicable and “designer-friendly” computational tools is clear that comes of as essential in the process of
quiding performance-driven design in architecture.

As software development, has made really big breakthroughs along this long computational development era into ad-
dressing the performance issues in sufficient quantitative methods, the center of focus has shifted towards the level of
adaptability to earlier design stages (Attia, Hensen, Beltran, & De Herde, 2012). While many tools focus on accuracy
(Ladybug, Honeybee) they often lack in rapid result generation and the possibility of integrating the results from perfor-
mance-based simulations back into the design model (Aksamija & C, 2018). As a result, they are limited to being connected
with the first design stages, just as a means of verification of a conceptual design, rather than enabling performance-
driven exploration of the design space (Shi & Yang, 2013). Better integrated software, on the other hand. that rely on
simplicity and fast result generation (Insight 360) (Rodrigues, 2017) are still not part of one solid design procedure and
require constant interpretation of the results into forms and effective geometric relations.

Independently of the center of focus of the computational tools, however, it is crucial that architects have to invest
fundamental resources in order to be able to exploit the simulation tools. Such investment involves: time to master and
process the software, knowledge in order to be able to interpret the output of the software and generally a subjective
understanding of the collaboration of the key aspects in order to be able to make a robust estimation of how, when and
where the simulation can be used (Hobbs et al., 2003). The final consequence is that design iterations and space explo-
ration occur, computation-wise, timewise and labor-wise, at a costly price.



2.3 What is BIM and why is it relevant

Building Information Modelling (BIM) has evoked substantial changes in the AEC Industry, as it initiated an attempt of

creating a common platform for practitioners of every field of the building industry. This enables proper communication
between the several design actors and “an intelligent 3D-model based process that gives Architecture, Engineering and
Construction professionals the insight and tools to efficiently plan, design, construct and manage buildings and infra-
structure” (Autodesk, 2017)

BIM is a designing process and it should not be restricted by associating it with specific software, but rather a host of
applications which functions provide guidelines of approach towards design. This multidisciplinary approach is that offers
BIM the wide popularity of recent era among professionals of the AEC industry and the firm belief that it will dominate in
the future the design practise. The final state of the development of the BIM systems is predicted to be “smart” enough

to make decisions along with the designer (Hendriks, 2018).

BIM offers a wide range of possibilities and advancements which were not particularly available in the conventional
design process. The core of the BIM process is object-oriented design which could be described as an attempt of frag-
menting the fluid nature of the design. BIM objects is a theoretical construction in order to refer to elements, element
assemblies or even nontangible functions and procedures as the minimum component of the design. In the form of object
parameters, the data and information are stored, and as they are associated with each particular element, they define
the object as unique and with specific properties. These pieces of information are accessible by the users and other
software functions and enrich decision making without needing to translate the BIM model in other software specific
building models or manually address input required for simulation and other processes. This is a radical alteration of
performance-based design since a single platform is considered to be able to deliver the vast majority of building opti-
mization operations. Apart from that, objects, and therefore design in general, acquire more and more properties. and
as a result they broaden the scope of analyses and planning related to the AEC industry.



2.4 BIM Software Selection

Autodesk Revit

The BIM software environment used for this research is Autodesk Revit. Revit is described as multidisciplinary BIM soft-
ware, since in its interface one can find applications regarding design and analysis on the fields of architecture, struc-
tural engineering and MEP engineering. The choice of Revit as the BIM environment of study in this research was made
on its wider use among the world of building design compared to Graphisoft ArchiCAD, another popular BIM software.
Moreover, Revit provides to the user a wide variety of options and tools, such as the ability to create Revit templates,
with extra Project parameters and custom settings, and Revit BIM objects (Families, with Family parameters), by which
identity is assigned to the individual objects. There is always the option of using extra tools or add-ins, to extend the
capabilities of Revit by programs specifically designed for the Revit software package (Bonduel, 2018).

Dynamo

Oynamo is a fast-evolving and open-source add-in for Revit, developed by Autodesk. The objective behind the development
of Dynamo was to expand the parametric possibilities of Revit by integrating visual programming instead of normal text-
based programming. Visual programming provides to the users that are not very familiar with the text-based program-
ming languages the ability to communicate with the Revit Application Programming Interface (Revit API).

Nodes in Dynamo

A user has the choice of selecting prepacked 'nodes’ from the Dynamo Library, which can be expanded with self-made
nodes or even free packages from different developers containing nodes with additional functionalities. Every node,
entails some code, can acquire input and provide output which can be connected to other nodes with simple wires,
representing the flow of data (Bonduel, 2016).

In the case of this research, several calculations will need to be conducted. For that purpose, nodes will have to be used.
A node is a code block, where DesignScript code can be directly authored. Formulas can be entered here to create
custom nodes which perform calculations inside the Dynamo definition. Code-blocks offer a clear and organised way of
handling calculations inside Dynamo.



2.2 Daylight in Architecture

The daylight quality and quantity that inserts a building is one of the factors that has a significant impact on the occu-
pants’ productivity and physiological performance. As a result, it is one of the premium tasks of the architectural practice
to create internal luminous environments that are sufficiently naturally daylit (Shue-Fan Yip, 1972). Therefore, it should
be a foregone conclusion that daylighting strategies and architectural design are processes that must be developed
simultaneously at all design stages (Mardalijevic, 2013). Daylight apart from replacing artificial lighting, thus leading to
reduced lighting energy use, it may also have an impact on both heating and cooling load. As safely concluded, therefore,
proper daylight design involves integration of the perspectives and requirements assessed by various factors, scientific
fields and requlations (Omar, 2008).

The importance of daylighting, as a measure of proper design, does not only concern the indoor visual quality, energy
consumption etc., but also lies on the formation of the building envelope (He, Schnabel, Chen, & Wang, 2017). The building
envelope is the most evident part of the architectural design, a part that is meant to reflect all the societal aspects of
architecture, what is usually described as subjective values. As a result, design optimization, at a later stage, of the
exterior form of the envelope, is a factor that determines the visual perception of the building. Design exploration, re-
garding daylighting, at the very early stages of the design is one of the factors that can prevent compromise between
the form and functional decisions (Byrd & Hildon, 1979).

Assessing daylight, therefore, is a subject that needs to be approached in the first draft of building design. However, the
tools that are available for architects, regarding this aspect of building performance design are not widely adapted to
the early design stages and cannaot provide comprehensible guidelines and design options. This observation leads to a
situation where a big amount of decisions is taken based on the architect's prior knowledge, containing the risk of im-

plementing an inefficient approach (Paule, Scartezzini, Reynolds, & Baker, 2003).



2.2.1 BIM daylight decision support tools

The BIM-based Building Performance Optimization (BPO) software is a fast-developing field and a series of automated
optimization systems claim to be able to address to the early design stages. However, the complexity and interrelation
of these automated processes within a model increase the abstraction of the model (Hendriks, 2018). Since many of
these systems show only the initial conditions and the end results the BIM models finally turn into black boxes (Harding
& Shepherd, 2017). Related to daylight two systems with radically different behavior will be mentioned, analysed and
evaluated on whether they could perform as the analysis tools of this project.

Insight 360

Insight 360 is the platform on which different kinds of building performance simulations are conducted in Autodesk Revit.
It concerns Energy calculations, Solar [rradiation Analysis and Daylight Calculation. For Daylighting it uses the Multidi-
mensional Lightcuts ray tracing method developed initially by the Cornell Lighting Lab. This calculation method expresses
the measurement of illuminance by determining the number of bounces needed for each target point to have accurate
results. That means that some points can be calculated quickly, and other points, which have lower illuminance value will
use dozens or hundreds of passes/bounces. The Insight 360 daylighting analysis is fast accurate and appropriate for
the early design stages to a certain extent; however, it is not customizable for more specified output.

Radiance in Dynamo through Honeybee

Honeybee is a parametric extension, that acts as an interface between the Modelling software, its corresponding VPL
add-in (Grasshopper/Dynamo) and simulation platforms like Energyplus. Radiance, Daysim, Therm and Openstudio (Ba-

zafkan, 2018). Honeybee, therefare, provides simulation operations through external engines, in a parametric way.

Radiance is a simulation engine intended to produce lighting analysis. Since, very recently Honeybee is supported by
Dynamo and therefore, lighting simulation on Revit projects can also take place through that platform. The benefit of this
procedure is that it is highly customizable and therefore targeted results can be extracted.

Evaluation of the tools

These two tools can effectively perform the daylight assessment of a Revit project through their simulation engines.
Lighting Analysis of Insight 360 is a very user friendly and easy-to-run analysis tool, well integrated into the BIM design
process, which is promoted as an early stage performance assessment tool, because of its capability to provide energy
estimations by developing mass volumes of the building and provide relatively little input requirements. Regarding the
daylight analysis the tool makes use of the daylight factor, for daylight access calculation as well as hours of sunlight in
order to calculate the amount of direct sunlight that a space is provided with (figure 1). The tool can be useful through



the trial and error method of improving the design, after it is completed to a certain extent, but cannot provide effective
reasoning to the user of the factors that define the outcome.

L e Howm Scrmce
LEED w4 S0c7 comWhos Beicin Fats - Sam 0% wiies Jore 51% sl
315 0um Gl £30 D1 TSE Ol 48 W
7 m GHE 317, DM 1€7, 00 167 Wiz
i i Ty

. o

. i me.. . CE T T

Figure 1.Insight 360 Lighting

Honeybee is fully customizable and can support various types of design and various types of analyses. Its origin is par-
ametric design and not BIM and it can not take advantage of more design properties than only the geometry of the
volumes. Its main advantage is that it is the optimal choice for sophisticated analyses and many architects are familiar
with its original Visual Programming environment, Grasshopper. However, the preparation procedure is tedious, and it
can be assumed that it would not be used for early stage assessment apart from experienced users with deep daylight
knowledge. who can modify the programming algorithm very effectively (figure 2)

Figure 2. Honeybee for Dynamo



2.5 Research Gap

The challenges, regarding the problematic relation of performance optimization with the architectural design, as pre-

sented in the previous sections, are often identified in various examples of Bibliography (Bazjanac, 2008). (Rahmani Asl,
Bergin, Menter, & Yan, 2014). Therefore, a large amount of research has been developed towards that direction with the
intention of enabling better integration of building performance in the decision-making process. In order to achieve a
grouping of the reference literature studies the first categorization will be made on the calculation method and the
second on the result integration. These research projects do not necessarily refer exclusively to daylight assessment,
although daylighting is always part of the research. However, all of them refer to BIM design software, or at least propose
recommendations clearly applicable for BIM. In research that the focus is consistently building performance integration
into the design procedure, and not parametric design in general, BIM is considered, almost necessarily, the primary
design procedure.

Regarding the calculation method there are observed two categories:

The first is based on performance simulation tools. This category of projects attempts to exploit the existing connections
of architectural design and BPS tools in BIM systems (Rahmani Asl et al., 2014), (Gkioka, 2018), (van Kastel, 2018). The
number of projects that use simulation as the main assessment method are literally countless and the referenced ones
are only a rough indication. Simulation-based optimization is probably the trend, in cases where detailed evaluation
seems to be a requirement or because the center of focus is placed elsewhere, and simulation tools appear to be easily
available, validated methods.

The second category is based on “statistic” calculation (Schlueter & Thesseling, 2009), By this term, we mean simple
building physics formulas that comply with regulation rules. The formulas are converted parametrically into algorithms
and are connected with the central model. This category (considerably minor in amount) places the center of focus on
exploiting the results as variables that can be re-introduced into the model and providing transparency inside a user
adjusted environment. Complicated assessment does not appear to be a requirement.

Regarding the result design integration:

In this category the projects should be divided in less specific types. A number of projects focus on genetic algorithms
that provide design iterations and alternatives based on the simulation results (Rahmani Asl et al., 2014). The optimization
regarding this trend of projects is proposed through re-evaluating the different alternatives and introducing the opti-
mized version, into the model, as implemented solution. These projects are always part of research with a wider scope
such as doctoral dissertations. Although genetic optimization appears to be a complete circle of evaluation and inte-
grated optimization , the design alternatives and final outcome which is determined by the rule concept set by the re-
searcher have some |evel of subjectivity and abstraction, since defining design intentions, even at a small-sized building
cannot be a delimited task, and always tend to over determine the design outcome (Habibi, 2017). A second category
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uses data integration in the form of graphically edited reports (Konis, Gamas, & Kensek, 2016) and there is a third cate-

gory that visualizes the performance assessment through visual analytics in external software (van Kastel, 2018).

Each type of this rough categorization provides advantages and disadvantages and in any case the issues are addressed,
as put by the researchers, accordingly. A gap that was rather profoundly evident was instant design integration based
on the BIM attributes. Scarce cases of the found research proposals refer to design optimization as improvement of the
object behavior which will have a direct impact on the design procedure, at the moment of designing. In all projects,
design is considered, either profoundly or in @ more discreet sense, a unity that is evaluated in its totality. However, this
is opposed to the core BIM function, that is constructed as object-oriented and therefore optimal design would be most

effective in a behavior-driven and not a performance-driven approach.

11



2.7 Problem Definition

Problem Statement

(ne of the common problems encountered in the architectural practice is the limited exploration regarding the archi-
tectural design. This lies primarily on the fact that performance analysis (particularly in this project daylighting perfor-
mance) and design optimization are not adequately connected with the early stages of the design process. The benefits
of an effective interrelation between early architectural design and daylighting performance can prove fundamental in
aspects of indoor quality, with which architects are not particularly familiar. This inadequacy forces design exploration
to be inevitably restricted by the possibility of later alterations and the consultation availability, which are determined
by the economic terms of each project. The existence of Building Performance Simulation Tools integrated in architecture
design software does not alter this situation. As a result, performance-driven design is rarely achieved in the majority
of the architectural projects. In a design process in which the architect has to take into account quantitative criteria
(energy consumption, amount of daylight, cost etc.) alongside with qualitative (social impact, spatial planning, aesthetics
etc.). the centre of focus and the hierarchy of needs and requirements often fails to satisfy all criteria. In this regard,
software tools should act as an immediate and simple method of decision support, in order to assist in a truly interdis-
ciplinary approach of the architectural design. In an era of high development and wide use of BIM systems, such support
should be effectively integrated with the BIM philosophy in a consistent entity between data, object behavior and inter-
action with the user.

Research Questions

How can daylight requlations be implemented at the initial stages of the design process, in an effective and user-friendly
way, in order for the BIM software environment to provide daylight control, based on the minimum quantity of design
parameters, without the use of advanced analysis tools and the requirement of specialized knowledge to interpret the
results.

Sub Questions

o How can an analysis method be developed that it is applicable to the first design stages, without the require-
ment of specific building performance expertise?

o Which existing daylight requlation data best fulfil the requirements of a low threshold calculation method in
order to enrich object behavior

o How can the daylight assessment of the analysis tool be re-introduced into the design software uniformly
without processing and visualization in external software?

o How will quantification of the produced object relations be translated into object-oriented feedback into the
design software

o How can an easily applicable tool be comprehensible to the feedback it generates and at the same time trans-
parent to the parameters that affect the outcome

12



2.8 Thesis Objective

Develop a conceptual and operational BIM integrated parametric tool that acts as a decision-support application for
daylight assessment during the first stages of architectural design, in accordance with the behavior-driven nature of
BIM systems, that also enables visualizations and interaction between the User Interface and the algorithmic procedure

2.8.1 Goals & Deliverables

Goals

Under that scope it is critical that the product:

| Requires no level of expertise.

2. Analysis procedure is implemented at the level of detail of the first design stages.

3. Analysis evaluation and design assessment functions back and forth, meaning that analysis input is possible to
be extracted from the design, but at the same time design improvement is easy to be assessed through the
analysis evaluation.

4. Forms a decision-support methodology that corresponds specifically to the function of BIM systems while at
the same time promates the impravement of the BIM design process (workflow enrichment)

3. Assessment of daylight results is directly and appropriately integrated into the User Interface of the selected
design software in a comprehensible way that does not require interpretation of the results.

Deliverables

. Regarding the first goal, the response of the system towards that end is that the analysis tool should require
no input from the user, and no “manual initiative” for the performance analysis to run.

2. The selection of a BIM design software, instead of other CAD software, is expected to provide the tool all the
necessary information in order to be able to process at the initial design stages

3. The calculation method has to be a “low threshold” method and, specifically, in this case, statistic method, as
described in the previous sections. This way, the critical object relations is possible to be identified and be
“ted" back to the design interface.

4. Towards the end of developing a methodology that enriches the BIM workflow, the intended outcome is to con-
struct @ methodology that is object-oriented and not performance oriented. In that sense, it has to improve
the BIM object behavior by defining new object relations and by introducing new parameters into the object
properties (exchangeable data) that will enable connections with other applications and interdisciplinary di-
rections.

5. The delivered User Interface add-ons for daylight assessment integration into the design interface. should not
disorient the user-architectural designer by activating reports and data that require a different mindset than
early architectural designing. The integration should be within the design interface, do not interrupt designing,
be mainly visual and interactive.

13



2.9 Development Steps

For the development of this integrated tool the main objective is divided into five development steps

|. - Develop a parametric tool in a visual programming environment (VPL) that allows the creation of the algo-
rithm along with connection with a BIM software package

2. Develop an algorithm that is suitable for different test variations and that can cover a number of alternatives
related to a basic design scenario. The types of geometry alternatives in architecture can be infinite, thus
requiring more advanced calculation methods than standard statistic. Covering a basic scenario, with strong
indication that a number of variations can also be covered can prove sufficient for the vast majority of
architectural projects

3. Promote interaction between algorithm and User Interface and determine the variables of the algorithm that
will be re-introduced in the model as object parameters

4. Provide visualizations and software representations based on the integration concept and the interaction
with architectural design

a. Validate the toolin order to affirm its function in accordance with the regulations and verificate the algorithm
based on different design variations and test alternatives

Workflow

This BIM integrated parametric tool automates the input based on information derived directly from the BIM design
environment. This data acquisition involves on the one hand objects that are key elements, within the focus of this re-
search, of the design procedure, such as Windows, Rooms and Room-bounding walls. On the other hand, it also automates
the acquisition of data extracted from boundary elements, such as, adjacent structures etc. which help define the rela-
tions between the primary objects (1). The assessment of the daylight has to rely on statistical calculations and therefore
the type of regulations that the design needs to be fulfilled will be thoroughly examined and chosen (2) The description
of these two functions covers the primary objective of the tool. Important aspects of the intended function of the tool is
the field of implementation. In such regards it would be desirable for the tool to follow the ordinary architectural design
process. Therefore, parametrization of the relationship between the objects and generative design to determine several
optimal solutions is not within the intended function of the tool. The intention is not to determine the architectural out-
come but guide it towards proper directions (3). The algorithmic environment that will enable visualization and data
integration into the design software will help designers (architects) adopt a clear understanding of the actions that will
directly improve the daylight access of specific Rooms (4). Finally. the validation and verification of the tool will reinforce
its functionality and the trust that similar methodology could gain wide implementation into BIM systems (5)

The tool developed in this thesis is part of a computational design workflow. This workflow involves creating and visual-
izing data sets. |t consists of separate units, each with a specific function. Since the effective operation of these units
depends on the effective operation of the system, as a whale, both the tool and the computational design workflow are
characterized by a high interconnectedness of its components. Therefore, the workflow is developed in a process that
uses both a research by design and a design by research approach (Rahmani, 2015).
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As an attempt to describe the workflow of the tool, the scheme below represents the different units. The tool will be
initiated on every alteration of the building envelope in the model. At that point, the calculations will begin by extracting
the related data from the building model in order to proceed with the calculations. The calculations will intend at first to
create a quantifiable rendering of the relations between the elements of the envelope (openings) and the elements that
affect the daylight outcome. On the next step, these relations will be evaluated based on a validated norm of permitted
values and according to the space requirements and either will be assessed as adequate or not adequate. |n the case of
a not-adequate assessment, the procedure of integrating data in the User Interface will initiate in order to provide
feedback to the Users about the course of their actions. This kind of feedback is presented into the user interface in the
appropriate manner and will be discreetly visible until the point the daylight inexpediency, of this specific part of the

model, is successfully handled.

Change in the state of the model

l

Data Extraction

= |
Quantification of relations
B Y Evaluation

UN

Representation

Figure 3.Workflow scheme
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2.10 Relevance

Scientific

The use of daylight control simultaneously with the decisions connected with the initial architectural design stages, can
provide adequate and cost-effective design exploration and therefore better daylight performance. The use of BIM soft-
ware in architectural practice today, apart from its rising popularity can also ensure the effectiveness of an automatic
design evaluation, since all the pre required input is already embedded in the software. |n order to achieve effective
exploitation of the BIM capabilities, however, the core of the process under construction must be behavior-driven and
not performance-driven. That means that process must rely on improving the existing object-behaviors and object in-
terrelations in BIM and not on numerical values and assessments. The future outcome of this project could be a universal
improvement of the BIM systems in which objects do not form their constraints only based on functional criteria but also
based on aspects of performance. As a result, in “smarter” BIM systems in the not too distant future, the user would not
need to assess efficient (on a basic level) performance design by means that require additional knowledge and effort,
but the rules of such aspects will be an integral part of the BIM-object behavior.

Societal

In the field of architecture and the building sciences in general, performance has arisen as a key factor of successful
design. This increased focus on performance is. of course, inextricably connected with the demand for energy efficient
buildings, which very much relies on the most advantageous exploitation of the natural resources and especially the
renewable natural resources such as the sun. The demand for energy efficient buildings is beyond a matter of architec-
tural perspective and desire; it is a pre-requirement as imposed by the regulations and the goals of sustainable which
societies are constantly upgrading. Efficient daylight design, as part of the indoor quality aspects. can have a significant
impact on the overall performance of the building. This inevitably results in a passive, more convenient environment with
a decreased need for energy sources. Therefore, the need to address efficient daylighting in the architectural practise,
in its entity, is not an issue of the years to come, but it is topical, universal and critical.

Importance for the architectural practice

The development of this tool deepens the connection between architectural composition and design optimization to a
higher level of integration. By the characterization of a tool or workflow description as highly integrated into the design
process, one can mean anything. However in this project, the requirements of an instantly operating decision support
system were described with consistency and with little correlation to other existing projects. In this sense, evaluation

of the design was not judged as adequate and what was promoted was the evaluation of each design action. Assessing
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potential daylight issues at the moment of design composition is not only beneficiary as part of earlier identification of
failure, but also it can be a means of redefining the aims of the design and the architectural intentions, right at the
moment when they are formed and before extensive time and effort is put on. This attribute is not necessarily restricting
as it can offer better founded design guidelines, that will not have to be reconsidered in the future phases of the design
process. As a result, design exploration for optimal daylight purposes is deeply strengthened and bonded with the de-

signing actions and the initial decision making.

The goal of this tool is to enable designers avoid significant mistakes regarding daylight. This way, optimal daylight quality
is not ensured but there is an indication that such fulfilment will not require radical alterations to the existent design.
This tool does not aim to replace the specialized expertise and the contribution of external software and consultants, but
to ensure that insight they provide can be effectively implemented. Nonetheless, certain daylight issues, need extensive
focus and demanding design solutions and therefore being aware of these situations at proper timing can utilize expertise

even earlier.

Another attribute that is prioritized as essential in the development of this tool is the requirement that it functions
without distracting the designer. The activity of creative architectural composition, which is a great part of the archi-
tect's profession, is a challenging task, which is not effectively enabled if the consequences of the design actions are

constantly promoted at the center of focus. Experience and the deep

familiarity of the architect with these aspects can certainly
smoothen this contradiction, since the identification of possibly
malfunctioning design decisions can be instant without the use of
external means. However, this ability does not correspond to the
entire spectrum of the architectural practice. An architect should
be able to create adequately lit spaces. without having to rely on
experience and deep knowledge. or on other distracting and source-
demanding factors. Furthermore, this tool respects creativity and
it is not attempting to determine or propose design decisions As
stated, optimal daylight performance is only one of the multiple val-

ues inwhich architecture has to correspond and designers, accord-

ing to the author, should not be deprived of the freedom to handle
Figure 4. Urban Stripes - Klab studio, Athens ) ) )
Composition with daylight openings the daylight issues, on the one hand, effectively, and on the other

hand. subjectively.
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3. Software Environment

3.1 General terminology

Building information modelling - BIM is a CAD system that contains a number of technologies developed in order to
support the creation of a virtual building of a facility. This building model contains definitions related to the physical and
functional features and required performances of the assemblies of components and the components of the building
themselves. The model includes information regarding the complete building lifecycle from conception, through design
and construction, to facility management. With the term BIM one should not perceive a single data repository within one
software environment. Instead, BIM includes a variety of programs and associated data representations relating to dif-
ferent disciplines, comprising architectural, engineering and construction expertise in order to analyse and pre consider
the impact of the design and explore appropriate improvements and solutions to problems (Azhar & Nadeem, 2008).
The building compaonents that make up a BIM design model are described as objects. In that sense, we could describe the
BIM design process as an objectified procedure since every part of the design consists of specific components. The
building components in BIM are unique objects, with unique identity, coded in a way to describe and represent the ele-
ments of a real construction. For example, a window in BIM is not modelled as a set of lines, but as a window object that
has dimensional properties, such as height and width, material properties, such as glass and mullion materials, functional
properties, structural properties, specifications, manufacturer and price. All these properties constitute the first level
of information of the BIM model, information that contains the domain expertise required for the accurate use and de-
scription of the Window during several phases of the design, realization and lifecycle of the building. This information can
be extracted, processed in other functions and reintroduced in the model as new properties of the object. This part of
the BIM design process is essential since it corresponds better to the circle of the multidisciplinary attribute of the BIM
design.

3.2 BIM objects within parametric modelling

Each of the aforementioned properties are quantified by the parameters. In that sense, the geometry is quantified by a
finite set of parameters that dictate the object's shape. Similarly, most properties are expressed through numerical
values, that can be used in several functions, codes and text that can be used for better human comprehensiveness of
the design but also parametric connections to scheduling, specifications and other peripheral to designing functions.
However, apart from the parameters that describe the physical and functional properties of the objects, BIM acquires
also additional advancements that go far beyond that. BIM software environment is the foreground where object behavior
is expressed, the rules that describe their constraints and relations to other objects (Lee. Sacks, & Eastman, 2006).
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3.2.] The transition from function to object- behavior

In this specific point it is useful to refer to the basic concepts that are connected to the BIM design process. The defini-
tions of function and object behavior lie on the first level of response of the BIM systems towards the design require-
ments, since all BIM systems are expected to function in a behavior-based way. Regarding the BIM systems definitions:
“The functions are the human-assigned purposes of the design, as well as the naturally or environmentally determined
functions to which the design must respond. Behaviors are the performance properties that the design is predicted to
display in response to its designated functions and in response to external or internally defined loads and conditions” (L.
Eastman, Sacks, & Lee, 2003). To a more detailed description, behavior is defined by the set of rules that determine an
object's properties and the way they adjust when edited within an assembly (C. M. Eastman, Jeong, Sacks, & Kaner, 2010).
(ne of the great accomplishments of this level of description would be the possibility of the BIM systems to make behavior
a transparent function of the objects, and user-adjusted within a friendly as well as advanced parametric procedure.

The transition from function to behavior is to a certain extent the goal of all parametric CAD systems and especially BIM
systems, since the designer would not be possible in terms of cost, time and expertise to adopt all the detail and insight
required even for a medium sized building. In this process, CAD systems, in general, provide an appropriate environment,
since they embed ways to encode the mapping of functionality into responses of specific form, within the same environ-
ment. |deally, these responses |ead to behavior-driven design. In this way, the abstract and subjective definition of rele-
vant components, consisting of a building are interpreted as numerical properties and well-defined relations between
the objects, eventually resulting in specified behavior.

With the term of relations between objects we define a

set of topological relations that describe the operations [ parameters J

that took place on an object, altering its properties, and

A

primarily its shape or location. In this way, in the sim-

plest example on the context of the term, objects that [ properties J
intersect can either be conflicting if no relation be- FUNCTIONS +
tween each other is recognized by the system or em- [ e J
bedded in one anather (C. M. Eastman et al., 2010).
The most advanced level of a BIM system is the state at !
which the objects acquire “intelligence”. With intelli-
CONSTRAINTS + .
gence we refer to any parametric (including BIM) mod- | sHAPE CONFIGURATION [ bebayior ]

elling system, which is able to measure the degree to
which the object's behaviour “responds to stimuli, con-

v

[ intelligence ]

sistent with the domain specific expertise” (C. M. East-

ADVANCED GENERATIVE
man et al., 2010). In other words, it is the evaluation of ADJUSTMENTS

the ability of the object to mimic the real building func-

tion, as |ogically intended by the design, according to
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the properties, as determined by the relevant expertise. This ability, which minimises the actions required by the de-
signer, through generative design functions, is part of further development of BIM systems.

3.2.2 BIM objects and design stage specificity

In order to give a deeper insight into the BIM modelling process it would be useful to describe its initiation under the
scope of the intended design process within a BIM system. As stated, before BIM modelling is an objectified design pro-
cess. [herefore, every designing modelling action is by definition connected to object selection from a pre-processed
library of the system. Through a variety of adjustment methods connected to the parametric editor of the object, the
user is able to define the object’s design situation and location in the model. Consequently, the rules that determine the
object's behavior update the status of itself and the affected objects, based on the embedded relations among each
other. This procedure, as thoroughly described, defined and analysed in this chapter directs the basic BIM design philos-
ophy (Azhar, Khalfan, & Magsood, 2009).

As a direct consequence of the aforementioned philosophy. the designer is unable to make way for abstraction and
ambiguity at the design actions, even the earliest and the most provisional ones. Nonetheless, the continuation of the
design process is connected to its core with the research on the object selection and in a wider perspective with the
object properties that better respond to a wide variety of multidisciplinary criteria. This particularity or even fundamen-
tal transition in the architectural design process that BIM inevitably causes |eads to two consequent facts in BIM archi-
tectural design. Firstly, the initial stages of the design are burdened with the selection of the building components and
an early preparation of the properties that accompany them. The refinement of the object's properties takes place con-
stantly throughout the design process; however, this necessity increases the need of the system to provide proper
feedback to the user. Secondly, that means that there is no stage in which the model consists of undefined element s. At
any stage. all the form of information that is required in order to simulate the building functions, is throughout the design
phases part of the building model.

3.3 Intentions of this research (enrichment of the BIM system)

This theoretic approach |eads this project to the formation of one of the goals of this work. which is to develop a meth-
odology in order to provide a consistent connection between building performance, BIM systems and early stage design.

Building performance

Regarding building performance, it is clear that design inside the boundaries of BIM cannot be performance oriented or
performance driven. BIM is multidisciplinary and building performance is existent among any other discipline. Design, in
the scope of this research, is not considered a unified concept that needs to fulfil certain performance requirements as
an entity, because this is not the way BIM works. The design is separated into objects, as profoundly constructed through
its core. Therefore, it is essential that performance functions are followed by an enrichment of the object properties.
The performance of the design gets refined and evaluated based on the evaluation of the parameter values that are
associated with these properties. Eventually, an effective performance driven response of the BIM system is achieved

20



by improving the object's behavior and adding factors to existent relations between objects. The adoption of a new set
of behavioral rules may guide at a next level of the system to the development of generative algorithms that produce

automatically solutions, leading eventually to intelligent objects.

BIM systems

Apart from the identification of the need to elaborate on the object properties in order to respond to the building per-
formance requirements, one key aspect of the algorithmic procedure is to eliminate a plain geometric approach to the
problem, but develop the approach in the language that the BIM system was constructed with: object behavior and object
relationships. In order to achieve this, it is required to retrieve properties that already exist in the default object behav-
ior. Many of these properties are not evident in the User Interface of the software and have to be extracted algorithmi-
cally, and others have to be combined in order to produce new object relationships. One more aspect that is of significant
importance, both for the implementation of building performance optimization tools as well as BIM functions is the trans-
parency of the constructed product. Transparent, both in the logic behind the output of the algorithm but also the visu-
alization of the problematic situation. Concerning the first, certain variables of the algorithm will have to be re-intro-
duced into the software's User Interface so that the user takes notice of the development steps of the algorithm if
desired. Concerning the second a visualization concept will have to be developed on the way that it would be most bene-
ficial for the user and the designing process, the evaluation of the performance analysis is integrated in the User Inter-

face.

Early Stage Design

Connection with the early design stages as already stated is fundamental for the goal of this research. This aspect of
the constructed product is associated with the specificity of the BIM objects, which is not related to the design phases.
Therefore, BIM environments not only enable but also encourage early stage assessment. Nevertheless, the intention to
assign to an existing object, new behavioral properties is self explanatory of the fact that this behavior will be imple-

mented regardless of the design stage.
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4. Daylight Regulations

The Bouwbesluit Daylight Regulations

When designing a building in the Netherlands, it is obligated to comply with the Bouwbesluit Building Regulations. In terms
of daylight, the Bouwbesluit Regulations refer to the NEN 2057 standards. These standards were normalized and rede-
fined on several occasions over time by the Dutch Normalization Institute (NEN). The latest large standardization update,
which took place in 1391 determined that compared to the previous state, the newer version of the Standards would have
to be simpler, regarding the calculation complexity and that the new calculation method would be based on measure-
ments independent from the building type. the classification of the Window, the orientation and the location. This new

measurement was named equivalent daylight area.

4 | Concept of the requlations

The determination of the regulative values was conducted through research based on the appreciation of daylight by
inhabitants of certain spaces and additional model research. In correspondence to this, a table was created regarding
the minimum permitted "daylight area” for a series of functions of spaces, which was developed with the intention of
creating a simple quantitative measurement of daylight access. This quantity is basically the measurement of the ratio
between the Window surface and the floor space of the Room. This ratio gets corrected due to the presence of light
obstructive factors resulting in the final form of the measurement - the equivalent daylight area (Ae). For a coherent use
of the Ae. it was essential that it corresponded to all types of buildings, all types of daylight openings both on the envelope
and in the internal separations. However. if all correction terms that are important from a technical point of view were
included in the determination method, then the method would be too extensive to be used in the daily practice of building
design.

The following parameters are considered by the Standards as the most important in order to calculate the effective
daylight opening area (the Window glass surface corrected by the reduction factors).

o The size of the Window

e The height of the bottom side of the opening above the floor level

o The angle due to obstacles within a certain viewing angle

e Theinclination angle that the daylight opening makes with the floor

o The light entry factor

o The light transmittance of the outer building shell, if the daylight opening is located in an internal partition of
the space
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4.2 Limitations and simplifications

The norm has been the existent since 1953, and despite the fact that it has been revised and updated on several occasions
since then, the basic structure has remained the same. Moreover, as already stated, it has also been shortened and
simplified in order to achieve a more widespread and clearer implementation among the designers. As it can be easily
assumed, such a regulation code, in which simulation is not required has many aspects that are not taken into account.
Firstly, it considers only daylight access and not other visual effects such as glare, exposure to sunlight and views.
Secondly, in contrast to most other regulations, the measurement unit is not the comman daylight factor or sky factor.
This is based on the fact that such a shift from the concept of the surface of the daylight opening to the daylight factor
would require computer software. In the current age such a transition would be rather expected but the group that was
responsible for the newer version of the regulations considered the traditional method more desirable. However, there
is also an annex of the regulations that is devoted to validation through computer programs, mainly concerning more
complex architectural forms.

A big part of the regulations refers to the use of the standards as an early design tool, to accomplish the legal perfor-
mance requirements as a bottom limit. The extent to which health, well-being and comfort, and the perception of the
environment are ensured to be above the legal minimum, is not a matter for a standard but a matter of what market
parties, as design actors and users, agree. Therefore, more refined standards, that take into account exposure to sun-

light, views and actual occupancy area instead of just Room surface, are provided as well. (aghichtapeningen van gebouwen,
200)
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4.3 Description of the Daylight Requlations
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As stated before, the NEN 5 norm uses the measurement of the equivalent daylight area in order to measure the daylight

access in a Room. The equivalent daylight area similarly to the daylight factor are independent of the orientation, which is
not considered, as well as obstruction

4.3.1 Calculation of the Equivalent daylight area of the Room (A.)

The equivalent daylight area of the Room is calculated as the sum of the daylight opening areas (2 A.) of each of the

Windows it contains. Therefore, the calculation of A, has to take place separately for each of the openings.

The equivalent daylight area for each daylight opening is calculated by the equation:
Aci = Agi - G- G, - Cima where:

A - equivalent daylight area of daylight opening

Ay - area of daylight opening

Cus - obstruction factor of daylight opening

Cu - external reduction factor of daylight opening

Cin - reduction factor for translucent materials with an LTA value less than [.60

Each of these factors will be examined separately to acquire a more complete perception of the factors that determine

Ae.
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Area of daylight opening Aqg;

(n the basis of these calculations there is a first categorization of the daylight openings made regarding the inclination

of the hosting wall. Based on this categorization, there are:

o the vertical openings of an angle between the floor level and the wall &: 7a°%e<I00°,
e theinclined inwards daylight openings where e<7a° and

o theinclined outwards openings where e>l00° (figure B).

In these cases, the area of the daylight opening is determined by the angle of the projection plane, therefore, possibly
altering the equivalent daylight area even of same-sized openings. For vertical walls the daylight opening area is calcu-
|lated as the area within the framing of the Window. In cases where sill height is below E00mm from the floor level, then

the bottom line of the Window is transferred to the height of 600 mm (figure B).
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Figure 6 . Daylight openings according to wall inclination

Determination of Obstruction factor Gy,

(bstructions are divided into two categories: ground-based obstructions and Overhangs. By the type of obstruction angle

a for ground-based obstructions and angle B for Overhangs are calculated. According to the values of o and B, there

are tables which give the obstruction factor Cy;

Angle a

Angle o calculation will also be divided into the three categories according to the inclination of the wall. Angle o is
defined as an angle that has as an ending point the highest point of an obstruction at the opposite side of the opening
and as an origin (starting) point, a point at the interior side of the wall, placed in the center of the opening width and at
a specific height from the floor. For vertical and inclined outwards walls this height is either the top side of the lowest
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framing or the level BO0mm (figure 7, 9) for inclined inwards walls it is this level line is transferred to 1200mm height

(figure 8).
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Figure 7. Angle a for inclined outwards wall
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Figure 9.. Angle a for inclined outwards wall
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Figure 8.Angle a for inclined inwards wall

The same three inclination categories apply also for angle B for Overhangs. Angle B considers overhangs at an angle

range of 120°. The origin point of this angle is the projection of the midpoint of the height of the Window on the projection

plane. If Sill height is below level B00mm then as midpoint is considered the middle of the distance of level BO0 and the

top line of the Window (figure 10).
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Bin°® ain®

Van | t.m. 20 21 22 23 24 25 26 27 28 29 30 31 32
30 31 0,76| 0,74 0,73| 0,72| 0,72| 0,71 0,70 0,69 | 0,68| 0,68 0,67 | 0,66 | 0,65
31 32 0,74| 0,73 0,73( 0,72 0,71| 0,70 0,70 0,69 | 0,68| 0,67 0,66 | 0,66 | 0,65
32 33 0,74| 0,73 0,72 0,71| 0,71| 0,70 069 | 0,68 | 067 | 0,67 0,66 | 0,65| 0,64
33 34 0,73 0,72 0,72| 0,71| 0,70 | 0,69 | 069 | 068 | 067| 0,66| 0,65| 0,64 | 0,64
34 35 0,73| 0,72 0,71 0,70| 0,70| 069 | O68| 0,67 | 066| 0,66 0,65| 0,64 | 0,63
35 36 0,72| 0,71 0,71| 0,70| 069 | 0,68 | 0,67 | 067 | 066| 0,65| 0,64 | 0,63 | 0,62
36 37 0,721 0,71 0,70 0,69 | 069 | 068 0,67 | 0,66 | 065| 0,64 0,64 | 0,63 | 0,62
37 38 0711070 0,70( 0,69 | 068 | 067 | 0,66 | 0,65| 065| 0,64 0,63 | 0,62 | 0,61
38 39 0,71 0,70 069| 0,68 | 067 | 066 | 066 | 0,65| 064| 063 0,62| 0,61 | 0,60
39 40 0,70| 069 069 067 | 067 | 066 065| 0,64 | 063| 0,62 0,61 0,61 | 0,60
40 41 069| 069 068 067|066 | 065| 064 0,63| 062| 062 0,61| 0,60| 0,59
41 42 069| 068 067 066|065 | 064 063 0,63| 0,62| 061 0,60| 0,59 | 0,58
42 43 068| 067 066( 065|064 | 064 063 0,62| 0,61| 060( 0,59| 0,58 | 0,57
43 44 067| 066 065( 065|064 | 063 062 0,61| 0,60| 0,59 0,58 | 0,57 | 0,56
44 45 066| 066 065| 064|063 | 062 061| 060( 0,59 058| 057 | 0,56 | 0,55

Determination of the External Reduction factor C,;

The factor Cp;i is deter-
mined after certain tables
according to angles o and

B (figure 12)

Figure 12. Table of Cb
values according to angle a
and angle 8

The external reduction factor refers to external separations or external extensions of the Room. The estimation of this

factor is within a certain angle range of 100°, where the area of the translucent or transparent area ( A,... ) is calculated

and divided by the total area of the external structure (A..) and this ratio is multiplied by LTA, the light transmission

coefficient (figure 13).
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Figure 13. Determination of the External Reduction factor Cu

Co = (A / A )*LTA-

L. - external reduction factor of daylight opening
LTA : light transmission coefficient
A : total area of the external structure

A... :translucent area of the external structure
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Final Calculation

Apart from these typologies, the requlations also refer to some more typologies, like dormer Windows, in which the
projection plane has to be transferred to other points in the Room. Furthermare, the requlations also refer to situations
of complicated geometry, for which the obstruction factors cannot be calculated. In such cases simulation is necessary
in order to calculate the access of daylight (Zoutendijk, 2018).

The final calculation equivalent daylight area of the Room is derived by the sum of the equivalent daylight area of the
Windows of the Room. Depending on the Room function the acceptable daylight area is determined based on Table .

Table 1. Required equivalent daylight areas; relative, as a percentage of the floor area, and absolute.

Relative equivalent daylight area [%} |Absolute equivalent daylight area [m?]
Living 10 0,5
Childcare 5 0,5
Cell 3 0,15
Office 25 0.5
Education 5 0.5

Advantages of the regulations

The NEN 2087 daylight regulations are based on a dated way of calculating the appropriate daylight requirements of a
space. This calculation is based on rough estimations and it is not weakened by the fact that several light attributes are
not taken into account at all. It is a considerably low threshold method that relies primarily on geometric relations
between objects through angle perspectives. Despite their revision and modification in 1991, a period that the direction
towards computer simulation was already clear, the hand part of the calculations was maintained and not withdrawn as
an outdated method or inaccurate. This conscious decision from the responsible committee offered to the architects of
the time period ever since, a validated scientific source and the necessity to figure out the reasoning of the factors that
affect daylight design. The argument that this calculating process might lead to sub-lit spaces or spaces with poor
daylight quality (Zoutendijk, 2018) are justified to some extent. Moreover, this method of calculating might become extinct,
indeed, with the wide availability and user-friendliness of recent tools and software. However, the knowledge that this
set of rules creates can be very useful in maintaining the reasoning behind performance also in the computer era, in
identifying and exposing crucial relations between objects and improve behavior-driven BIM design through low threshaold
and computationally realistic methods.
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9. Computational Design

a.| Development Limitations

This thesis is not focused on the validity and the qualitative assessment of daylight within the requlation rules. Neither it
is focused on covering a large number of geometric variations, since the balanced focus on all parts of the tool was
prioritised by the thesis objectives. However, one of the aspects that should be included in the thesis' limitations, is the
processing capabilities that were used. The software that was primarily used was Dynamo. Dynamo is a visual program-
ming language, oriented towards extending the capabilities of Revit, in a process that functions with embedded interop-
erability, however it still functions within certain limitations. Dynamo is intended to be used by ordinary users and not
software developers and therefore it interacts with Revit, but it does not affect its hardware. This element is primarily
evident in two of the objectives of this thesis. The one is adjusting the object behavior. Revit objects interact to the stimuli
imposed by the daylight analysis tool created in an external environment to Revit's without acquiring real built-in behav-
ior. The second objective is the elaboration on the visual graphics which was again imposed by the Dynamo capabilities
on this field.

A further limitation that possibly played a role in the conduction of this research, was the lack of targeted previous
research on the subject of introducing built-in object behavior and visual representations in BIM systems and the inability

to find related developments and educational dissertations towards that topic.

9.2 Definitions

Room

The space that in human interaction and design practice is called a room, in BIM design does not exist unless it is specified
by the user.

For Revit a #zomis defined as a subdivision of space within a building model, based on elements such as walls, floors,
roofs, and ceilings. These elements are defined as Azom-bounding. Revit refers to these Azam-bounding elements when

computing the perimeter, area, and volume of a fzom.

Window

The Window object is recognised as a family object within the Revit Environment. In Autodesk Revit, a family is defined as
an element or a group of elements that share a common set of properties and a related graphical representation. This
is what, according to the BIM theory, is named BIM object. The #indow contains several behavioral characteristics and

is one of the developed objects in Revit. For a start, the Wndow tamilies, as provided by the default Revit Library, are
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geometrically parametrized to a deep level. The user is able to control these parameters in the User Interface but also,
the system provides capabilities of altering the rules under which these geometric parameters behave in the object
editor interface.

A further behavior that is embedded in this object, despite the fact that it does not provide any design constraints
currently, is the family orientation. The family orientation provides an indication of the inward and outward side when
placed in the Room. That is related mostly with the difficulty, during design, to identify the intended direction of the
Window.

Lastly, one of the few object relations that are embedded in the Window behavior, within the default Revit version, and
that is often used as a reference of object-behavior and relations-between-objects functions is the “in-host" require-
ment it contains. This means that a Wizdow cannot exist in a model without an existent hosting wall. This property of the
Windowis a straightforward piece of information that needs to be extracted from the system.

Overhangs

(verhangs within the Revit environment is not a specified object. However, within the scope of this project, it needs to
be properly defined. As an Overhang therefore we mean any object that it is hosted in a wall and which has at least one
point, within a certain angle range, above the Window. Additionally, as Overhangs are described pieces of the hosting wall
that extend above the Window. The computational process of identifying the Overhanging behavior of an object, which will
be described in the next chapter, will fully clarify this definition.

a.d Input

a.3.] Input related to current design workflow

Architectural Design Status

Regarding the input that the algorithmic procedure requires to function, it is stated that input which deviates from the
standard architectural design practise is undesirable. As can be self explanatory the architectural design needs to be at
a level to acquire closed spaces, bounded by wall objects and openings. in this case Windows. Also, in order to provide a
daylight assessment that makes sense, elaboration on the geometry of the surroundings would also be required. One
method that this could be realised without interrupting the design procedure is by importing to the BIM design interface,
a linked model of the surroundings. The aforementioned is not necessary, any construction or importing method of cre-

ating the surroundings does not prevent the algorithm from running.
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a.3.2 Input related to the augmented design workflow

The next paragraphs are not part of alterations in the existent design workflow, they are closer to clarifications regard-
ing the optimal BIM design workflow. Most of them would not be required in a commercial version of the algorithm, since
alternative options for identifying behavior and collecting data could also be developed. However, under the scope of this
project, there is no point not to assume that an optimal BIM design procedure would be followed.

Room specification. As mentioned, the Azzm and the Window are the two key object types that this design is occupied with and
evolves. And while the Window is an architectural element, significant for the geometric and visual aspect of the architectural
design, the #zomis not. Therefore, the user could possibly avaid specifying it in the design at the early stages, but only at the final
stages, when it is required for scheduling and further steps. The specification of the Room is the beginning point of the algorithm
(or in reverse the installation of a Window in an existing Room). The default Revit Room contains a number of significant information
such as name and area. Moreover, it will be the element on which properties derived from the tool will be re-assigned to software
environment. In an intelligent BIM environment, Rooms could be assigned directly from the system without the users' intervention.
Such a behavioral upgrade of the BIM system could have been among the intentions of the project, but it is a procedure that is
extremely simple within the Revit BIM Interface, that the importance of such upgrade would have been minor.

Window parameters. A typical Revit Window object. contains the parameters “Window Height", which refers to the
overall height of the Window, “Window width”, which refers to the overall width of the Window, “Sill height”, which refers
to the height from the floor of the bottom line of the Window and “Trim Thickness”, which refers to the thickness of the
sash of the Window object. 0f course, such a standardisation is not algorithmically necessary, but under the scope of an
optimal BIM design process, it was assumed that every Window object acquires the same structure.

Overhangs. The Overhangs are expected to display specific behavior. In order to achieve this, the architectural elements
that will act as Overhangs, will have to be constructed in the intended way. Within the Revit environment this means that
they will have to be constructed as face-based families and placed on the wall surface. That applies also for decorative
sweeps along facades a practise that is specifically popular in historical buildings.

Linked model. The linked model concerns the existent building environment beyond the area of the design. The linked
model of the surroundings may have been constructed by other designers, irrelevant to the specific design, in another
CAD software. Linked models cannot be processed in the ongoing design procedure and the amount of information it
entails is considerably smaller than the BIM objects, but their geometric attributes can be exploited by the algorithm.
The existence of a linked model is not necessary, but as part of appropriate architectural design. we expect also some
indication of the surrounding environment, even at the first design stages
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2.4 Processing

3.4.1 Overhang Recognition

Object-Behavior Enrichment

(ne of the most important aspects is the way we intend to work with the objects. Often the same procedure can take
place in two ways. The one is according to the geometric relations and the other according to the object properties and
relations. Handling the model based on the geometric representation of the elements on the one hand would provide
simpler but more case-specific solutions. On the other hand, working with function recognition provides more universal
solutions as well as the ability to improve object behavior within the system.

Overhangs

Loncept

As mentioned, the Overhangs are face based objects hosted in walls. However, each Overhang has a certain effect on a
specific Window and therefore the Overhangs will have to be selected in turn for the specific Window they act on. The
sequence of identifying this function is as followed:

e The Window under evaluation will give us its hosting wall

o Element.Inserts node will give us all objects hosted by this wall (2)

e The |ocation point of the Window will be transferred to the edge of the wall

e Anarray of intersecting vectors will give the elements of (2) that are within an angle of 120 above the Window

Al intersecting Elements are marked as Overhangs of this Win-
\ dow. This process could be generalized and adopted to the Soft-
ware's object behavior. But the "Window Overhanging” function is

b o

not particularly vital for any other lighting analysis programs and
architecturally Overhangs are not a core element of the design
process. So, the identification of the “Overhanging” function
seemed relevant to this daylight analysis only and thus will be kept
within the Computational algorithm and will not be reintroduced

wall

into the User Interface.

g ~
- \/ Figure 14. Select Overhangs with Intersecting vectors

32



Algorithmic procedure

With the node Familylnstance.GetHost it is possible to get the hosting wall of the Window and with the node Element.In-
serts to get one set of items (1) consisting of all the wall-hosted families of this specific wall. After arraying the vertical
vectors, with the use of the Raybounce node we are able to acquire a new set of items (2). the elements intersecting
with the vectors. The intersection of the two sets of items (1), (2) will give as the Overhangs for this specific Window.

Identify overhangs

| tumavnsimes o |
[~—— »

—~

Figure 15. Select Overhangs (Algorithm)

a.4.2 Daylight Evaluation (Part | of Computational Tool)

The logical sequence of the computational process will further develop with the daylight evaluation, the core of the
algorithm. The initiation of the process is triggered by the installation of a Window on a wall adjacent to a specified Room.

The daylight evaluation is only a part of the intended tool. The objective is not to cover all different cases as elaborated
in the Bouwbesluit Requlations. The approach is displayed and refined to an extent that it would not undermine the pro-
gress of the rest of the steps. Covering the rest of the cases would be possible by extending the amount of work made
in this project. Clear suggestions on the algorithmic procedure needed to cover the most significant number of scenarios
will be made at the final chapters. For the level of depth of this work it was judged that fully covering the basic scenario
was sufficient, under the scope of creating a complete daylight integration concept.

The terms that will be calculated by the Daylight Evaluation part of the tool is Ad, which refers to the Equivalent Area of
the daylight opening and Cb, which refers to the obstruction factor caused by the angles o and B.

The procedures begin by collecting the Windows from the Room. The procedure will follow subsequently for each of the

Windows existing in the Room.
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a.4.2 | Equivalent Daylight Dpening area (Ad)

Loncept

The first step is about collecting the geometric object parameters of the Windows in order to calculate the Ad. The
parameters concern the Window width, the Window height, the sash thickness and the sill height. Depending on the width
of the Window there is an assumption on the number of mullions

the Window may contain. It is assumed that for every B30mm of

Window width we would need to add one more mullion. That does

not necessarily respond to the true structure of the Window, but

= | T it was judged as enough regarding the number of muntin accord-
a \
e | I lw,,me ing to the surface of the glass pane.
, e ] e The other step of this first unit was combining numerically the

I I parameters in order to calculate the Ad. The sill height in this

[
[ 1 Bottom-line ||
I
|
[

[
e case will have to rise to B00mm if it is lower re-adjusting the

Window height.

Figure 16. Calculate Ad

Algorithmic procedure

As stated, either Room specification. or the placement of a Window on one of the walls of the specified Room, initiates
the algorithmic process. Any change in the state of the model is updating the algorithmic process and new results may
occur or former failures may self-resolve.

Lunchbox package contains the node Azam Flement Lollectar. This node collects all #zzms from the Revit model and one

by one [list] they are inserted into the analysis process.

Each Windowof the selected Azomis subjected to the analysis process in order to finally calculate the Equivalent Daylight
Opening Area A4, for each of the Windows. The first step of the analysis process is collecting information associated with
the Window. First are the parameters that are useful for the geometric determination of the Window. The parameters
are collected from the Revit model through a small group of nodes the basic function of which is the Zement GetParam-
eterValueByName. (Figure 17)
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'Get Window Hel alue

slement 2 Faald name > FamilyType b siement > varfl.l number > nUmber
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! .y parameterName > g wry

" " o |
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Figure 17.. Get parameter value from Revit (Algorithm)

The parameter collection will be followed by the £a/zu/ate Az group of nodes. These nodes include the modification of the
Sill height and the Window height according to whether the bottom-line of the Window is not B00mm abave the floor level
and the number of mullions according to the Window Width. (Figure /5)

Calculate Ae (Glass Surface of window)

Figure 18. Calculate Ad (Algorithm)

a.4.2.7 Mapping the Environment

General

The procedure with which the values of angles o and B will be calculated will be based on the technique of Raycasting.
Raycasting is a rendering technique used in computer graphics and computational geometry. It is capable of creating a
three-dimensional perspective in a two-dimensional map. We intend to expand this function to the computational capa-
bilities of Revit and thus, create one of the key contributions of this computational work to this BIM environment, as it
will enable the mapping of the surrounding environment. This process will be able to be exploited in multiple ways apart

from the one indicated in this project.

Specify Origin point

Loncept

The Raycasting vectors will have to begin from a specific origin point, according to the type of angle they aim to calculate
(angle o or angle B). The origin point will be based on the Window's Element Location Point. This point will have to be
transferred to the correct position, initially, along the Z axis, according to the occasion (at level BO0mm above floor or
bottom line of Window for angle o, and at mid-height for angle B). Secondly, it will have to be placed on the projection

plane of the inward side of the wall. For this action, the assistance of the Family Orientation Vector will be very useful.
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The projection plane in this case will be the “Normal” plane of the produced vector, the coordinates of which will also

determine the correct position of the origin point.

Algorithmic procedure

In the process of specifying the location of the origin point
for the calculations of angle o or angle B. there is the need
to transfer the origin point to the correct side of the wall.
With the node Element.GetLocation there is the first insertion
point into the algorithm. That is the centroid of the Window
on the bottom-line of the Window, which is located at the
middle of the wall. The Location Paint of the Window will have

to be transferred towards the opposite direction of the fam-

~
£ arign point

/

ily orientation vector by an amount of "Wall Width/2". Since

—
/

it is at the inward side of the wall, it will now have to be re-
located along the / axis. If this part of

the process is about angle a then the Z relocation will occur

'sill heigh
i ./

A according to the Sill height. This part of the process is writ-
wa\\‘N‘

Figure 19, Location of origin point ten is a small python scripting node with the idea of:

"It Sill Height < 600, then z = 600 - Sill Height'.
If this part of the process is about angle B then the Z relocation, will follow the idea:

"It Sil Height < 600 then z= (Window Height - (600 - Sill Height)) /7 else z=Window Height/7"

Figure 20. Location of Origin point for o (Algorithm)
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a9.4.2 3 Array vectors - Raybounce

Angle a

Loncept

This part of the algorithm is about Raycasting. Raycasting, in this case, involves a number of vectors and Raybounce,
which can be described as a process with which the bouncing points of a vector are given as output. The family orienta-
tion vector extracted and corrected as described in the previous step will now have to be arrayed in order to provide
finite number of vectors rotated both along the Z axis and also along the perpendicular to the family-orientation-vector
axis (figure 22). The angle range that these vector arrays create is determined by the daylight requlations. An additional
angle range will be added in order for the tool to be able to provide feedback about the obstructions beyond the angle
range that is required for the daylight evaluation. In the case of angle a (figure 21). the angle range according to the
requlations, that is measurable for the angle a calculation, is 100°, however, an additional angle range of 200 will be
added at each of the sides. The number of vectors can be a user adjusted parameter determining the refinement level

of the analysis and outcome and according to the power of the computational resources.

8

rientation vector

/ Vector Rtate
’ along V2

Vector Rotate
along Z.axis

0N

7774

Figure 21. Array vectors on by z axis for a Figure 22. Array vectors on by z axis and by x axis for a

After the group of vector arrays is created, it is needed to make sure that they bounce on the proper obstacles. The
(verhangs and the surrounding buildings are selected in turns, hidden and revealed according to whether it is the angle

o or the angle B being calculated.
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Algorithmic procedure

This part is one of the most crucial parts of the daylight evaluation analysis. The key node in this process is the Raybounce
node. The Raybounce node needs some specific input in order to be able to process and towards this direction is the
greatest amount of work. The “origin” input concerns the Origin point as created previously. The direction input is the

RayBounce. ByOriginDirection

f
{ origin > points |
|

vector array. The process will be roughly described for angle o. Angle B is similar
with some changes regarding the axes of rotation and the elements on which the

vectors bounce (angle B is only about vectors bouncing on Overhangs). The max | @recen >
“I” | maxBounces >
>

bounces input is “l" and the view input will determine the elements on which the

|
 view

vectors (rays) should not bounce. l aon

The initial vector is the family orientation vector which is rotated as described in
Figure 23. Raybounce node

figure 22. The number of vectors determines also the refinement level of the anal-
ysis and can be user defined in the Revit interface by the process displayed in figure

24,
Array Vector on XY plane
for a
4
= | vecoosoe |
Get refinement parameter value SN I Ve
e >
oo > ver[ “ e
;‘:“-'E!mm'e‘ne-‘!r: vr‘”""""’"""" > : ’.\ e

| 1V | derived from Window properties

Figure 24. User-adjusted parameter for analysis refinement (Algorithm)

The next part of the Raybounce node input is the view input. This part is connected to the Overhang Recognition part as
described previously. For angle o the analysed Window and the Overhangs should be hidden in order on the one hand
the Array vectors not to intersect with the Window itself and on the other hand not intersect with the Overhangs since
they will be calculated in angle B. The last step for the Raybounce group of nodes in clearing the list of points, by filtering
out all redundant points (figure Za).

otate Array & Raybounce for o
T

Figure 25. Rotate Array and raybounce for a (Algorithm)
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Angle B

Loncept

Angle B is calculated using a slightly different procedure. On the location points of the intersection between the vectors
that form the angle range of 1200, the points are transferred vertically downwards to the midline of the Window. These
points will be the starting points of raycasting. The maximum angles at each of these starting points will be held, and the

average of the maximum angles will be angle B.

Figure 26. Place Origin points and Raybounce for 8

Algorithmic procedure

With the use of the Raybounce node spread vertically in an angle range of 120° towards the selection of the Overhanging
elements as described before, a list of intersecting points is acquired. The angle range is extended beyond the 120° de-
fault from the regulations angle range in order to get a view of angle B in case of a slight relocation of the Window

towards the sides. By changing the Z coordinate of these points, a new list of points is created with Z the Z coordinate of

the midline (figure 27).

st =
Index
Code Block

Figure 27. Place Origin points for 8 (Algorithm)
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These points are the origin points of another raybounce procedure with which the angle B at each point is acquired by

creating a list of the maximum angles at each point (figure 28). The average of these angles is the overall angle B.

Maximum angle

Figure 28. Identify maximum angles and maximum-angle points for 8 (Algorithm)

a.4.2.4 Calculating and Sorting angles - Calculating Ch

Loncept

After completing the bouncing actions, there is the chance to extract a list of all the intersecting points of the vectars
with the obstacles. By re-sorting. transposing and cleaning the lists multiple times we may end up with the list of maxi-
mum angles by vector direction. Adding these values will lead to average value or else angle o and angle B respectively.
This part of the process is very important, since the outcome of this process is not only to identify and calculate the
proper maximum angles, in order to calculate the angle o, but also to identify to which these points belong. This proce-
dure, which will be described in the description of the next part of the tool will offer the numerical interpretation of the
surrounding environment. At this point it could be mentioned that the tables, calculating the Cp values based on angle a
and B were cleaned and imported to Microsoft Excel to be used algorithmically. Similarly, to the human process the

system is able to collect the value of Cy out of this table.

The equivalent daylight opening area, Ag;is the product of multiplication between the Ae and the Cp values. As a final step
comes the Calculation of the equivalent daylight area of the Room (that consists of one or a greater number of Windows).
The sum of the equivalent daylight opening areas (Aq;) divided by the floor space will give us the Relative equivalent
daylight area of the Room.

Algorithmic procedure

This part of the tool does not involve creating a new function in the tool, but it is about creating information out of the
functions already performed. During the previous procedure a list of points that start from a specific origin point on the
Window and are directed towards the objects in the environment is obtained. Each of these points forms an angle with
the horizontal plane. In other words, each of these points contains its individual angle o. The following procedure (figure

29), enables converting the list of points into a list of angles.
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Angle of Vectors with XY

10000000

mdsmmmw;

Figure 29. Identification of maximum angles and maximum angle points for a (Algorithm)

By processing that list of points and transposing the rows into columns and the columns into rows, the new list contains
the sublists in the correct order. Next step is to remove the sublists that are not measurable for calculation of angle

(additional angle range). By collecting the maximum item out of each sublist and calculating the average of the maximum

items, angle o is finally calculated

Caliulat% o

Figure 30. Calculation of a (Algorithm)

(n a similar way angle B is also calculated. Using these two angles it is possible to extract the factor Cy from the tables

given by the Bouwbesluit Regulations (figure 3).

Calculate Cb

Figure 31. Calculation of Cb (Algorithm)
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a.4.2.3 Daylight Assessment

Loncept

The daylight assessment of the Room will be determined based on the Room function, which is extracted from the Room

parameters. A structure is built in order to assess "Good”, "Acceptable” and “Not Acceptable” Daylight according to

certain value ranges of Relative equivalent daylight area [%), roughly based on the Table below.

Relative equivalent daylight area [%} |Absolute equivalent daylight area [m?]
Living 10 0,5
Childcare 5 0,5
Cell 3 0,15
Office 25 0.5
Education 5 0.5
Algorithmic procedure

The Final calculation of the daylight assessment includes the values of Gy (obstruction factor due to angles o and B) and
As (Equivalent Daylight Opening area). The calculation method takes into account a second Window in the Room as well

(Figure 32). For more openings the group of nodes that applies for the second Window would have to be copied.

Final Calculatmn

w-=-

=
= : N\ —— =
E‘—"/ )

Figure 33. Python Script for

Figure 32. Calculation of Daylight Assessment (Algorithm)
Daylight Assessment (Algorithm)

(n the final step of this process, a python script determines the daylight evaluation as derived from Revit according to
the Function specification of the Room. The final determination of the daylight assessment will quide the tool into the next

part (Part 2 - Mapping of the Surrounding
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3.4.3 Mapping of the Surroundings in 2D (Part 2 of Computational
Tool)

The process of analysing the surroundings of the Window into a number of numerical relations between the objects leads
to the last two parts of the tool which are connected with the process of interacting and communicating this analysis to
the user integrated into the software interface in a visual context. The first of these two last steps is dedicated to fulfilling
a 20 Mapping of the surrounding environment in a perceptually manageable representation that assists the user in
further decision making.

a.4.3.1 Additional Angle Range

Loncept

This part of the process begins with creating the vectors for the additional angle range. The purpose of this process is
to provide additional feedback on the representation of the obstruction factor. In other words a larger area than the one
covered from the 100° angle range which is required by the requlations, in order for the user not only to acquire
knowledge of the obstructions that have the biggest impact on the daylight access of the Room but also which is the
most advantageous action to improve the evaluation. Therefore, a number of extra vectors will have to be created at an
additional angle of 20° on each side.

The procedure, which is followed, to identify the maximum angles and the points to which they belong will be similar to
the angle a calculation as described in the previous chapter. The goal in this case is not to calculate angle o but to
identify the maximum angle points. In the first step the origin point will need to be specified. Regarding this, a small
modification in the point location will have to be made, since enlarging the angle by 20o on each side might cause inter-
secting of the vectors with the Window hosting wall, something that would misguide the representation of the surrounding
environment. In order to prevent this the origin point gets relocated to the exterior side of the wall only for this case
(figure 34). The next steps have already been described: Vector Array. Raybounce, calculating angles and sorting the
lists in order to identify maximum angles.

origin point relocation

T/ %L

~
- R additionat angle range
7 \ ~

7 oS

Figure 34. Additional angle range for a
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Algorithmic procedure

The algorithmic procedure is similar to what has been already described. The origin point relocation is parallel to the
family orientation vector in the positive direction at an amount equal to Wall Width / 2. The vector array takes place at
the angle ranges of -70... -a0 on the one side and a0... 70 on the other side and the amount of vectors equals to 0.2*n,

where n is the refinement parameter (default is 10) as adjusted by the user in the model (figure 3a).

i

Figure 35. Additional angle range for o (Algorithm)

a.4.3.2 Mapping the maximum-angle points

Loncept

This procedure consists of two main steps. The first step is identifying the maximum-angle points, the points that corre-
spond to each maximum angle and sorting them in the proper order, according to their sequence. This step will mainly
be described in the algorithmic part. One conceptual aspect of this step is the translation of the coordinate system
according to the facing orientation of the Window. That was found necessary due to the amount of processing with point
coordinates. Therefore, for Windows facing in different directions the coordinate system might switch along the proce-
dure. As axis Y is defined the axis parallel to the Window-Orientation-Facing vector and as X its perpendicular.

In order to be able to map the 30 environment in 20, a concept was formed. The goal of this process is to be able to
“project” on a plane at the exterior side of the Window, a map of the obstructions based on their effect on the daylight
access of the Window. The concept will be explained for the obstructions that correspond to angle o but a similar
concept applies also for angle B.

The points were made by vectors arrayed equally along an angle range of 100°. That means that each point has the same
angle deviation to its adjacent equal to [00/n, where n is the number of vectors. Independently of its location in space
and its absolute X, Y coordinates, its relation to the Window on the XY plane is described by this angle. If the sequence

order () of the point is known, then the relative location of the point is possible to be determined only by the sequence

order (figure 36).
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xy plane

So, in this example there are 7 vectors:
For PI': XI = I*d
For P2:X2=2%5"d
For P3:X3="%%d
For P4 X4 =10
For P2 X0 =-%5"d
Window width ¥
—

Figure 36. Mapping the maximum-angle points for a, for n=7

The mathematical expression of this for a parametric amount of n vectors would be:

Xi= (- ((ni-1) / Round.((ni-1) / 2))*d. where d is the Window Width/ 2.

The situation is more complicated when the additional angle points are included.

&

%Y
o /«.
14'13'12'11 3&&!1/( 4' 3[n 2 9

[ [x2' x1' projection plane
| |
X ‘ window width '
d

Figure 37. Mapping the maximum-angle points for a, for n=10, with additional angle range

In this case Xi = (I- (2*(ni - f) / (n-1))) * d. where f = Round.(0.3%n) and it expresses the number of additional vectors
according to the parameter n.

The Y; coordinate of the mapping points equals to the Y coordinate of the projection plane.
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The Z; Coordinate will be derived from angle a (figure Pifr 3)

a8).
In this case Z; = (o/ 30) * Window Height,

If the Window Sill height is below B00 mm then:

Li= (ou/ 80) * Window Height + (B00 - Sill_Height)

Figure 38. Mapping the Z coordinate of the maximum-
angle points for a

*‘\Q\'&\Q

This procedure will help create a map of the surrounding environment, which will later be presented to the users in order

to determine their actions.

Algorithmic procedure

The algorithmic procedure of acquiring the maximum-angle points coordinates and placing them in the same order as
the maximum angle list is the following:

With the node List.FirstindexOf and the node List.AllndicesDf, it is possible to acquire the indices of the maximum angles
in the initial list of angles. By "extracting” the items in the initial list of points that these indices correspond to, we create
a new list, which has the complementary the maximum angle list but instead of angles it contains the list of points these
angles correspond to, the maximum-angle points (figure 39).

Initial List of points Initial List of angles  List of maximum angles coordinates of maximum-angle points

indices of maximum angles in initial \

Calculatg’angle

list of points Coordinates of maximum point

[Erpr——

Get!‘ndices of maximum angles
——= 5 il e
/ e T

|

m i =2

Figure 39. Identification of the coordinates of the maximum angle points (Algorithm)
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Consequently, the paoint list and the angle list are reordered based on the X coordinates from the highest X value to the
lowest (figure 41).

The concept of the X coordinates of the mapping points as described previously is expressed algorithmically with a
python script

The input in this script is the number of vectors (n), the index of the point in the list (ind) and the Window Width, which
divided by 2 gives d = Window Width / 2. The output of this node will be the coordinate x of each of the mapping points
(figure 40).

R Python Script - [u] X

clr
clr.AddReference( ' ProtoGe
Autodesk.DesignScri

dataEnteringNode = IN
n=IN[0]
ind = IN[1]

d = IN[2)/
R = (n-1)/
f = round(0.3*n)

x=d-((10*(ind-f)*d)/R) Figure 40.. Python Script of determination of the X coordinate
L= for a (Algorithm)

Figure 41. Re-sorting the list of maximum-angle points
based on the X coordinate value (Algorithm)

The Y coordinate will be the coordinate of the projection plane. In
e hamtrrmmen biotocem iy this case this coordinate is the coordinate of the exterior surface

Autodesk.DesignS

. of the Window which was acquired during the origin point
dataEnteringNode = IN
g,“’éf;»“zﬁf"iz’f’l‘illl relocation in the procedure described in the Addition Angle Range
z = (( angle / 99 )* Window_Height ) + LocationPointZ SEE’[iIJI'I.

The Z coordinate, as described, the outcome of (angle ai/ 30)

* Window Height (fiqure 42).

The X. Y and / coordinates will create the points on the projec-

tion plane on the exterior side of the Window.

Figure 42. Python Script of determination of the Z coordinate
for a (Algorithm)
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9.4.3.3 Coordinate transformation of the maximum angle points

Figure 43. New coordinate system

Algorithmic procedure

Loncept

In order to be able to transform the list of points in an order
that makes sense, they will have to be placed in position re-
lated window orientation. That means, that, in association to
the daylight representation, the produced graph has to be
able to display along the exterior projection plane of the
window. As the window can be in any orientation the X and Y
axes of the projection points have to be adjustable as well.
Therefore, the chosen coordinate system will be switching
for every window case, in order that the family orientation

vector and the y axis are parallel (figure 43).

The algorithmic procedure of this step requires that the points created need to be transferred from the one coordinate

system to the other. Therefore a new coordinate system is created (with the y axis parallel to the family facing orienta-

tion vector) and the created projection points are transformed from the global coordinate system to the new coordinate

system (figure 44).

—|Creation-of new coordinate System

Window-Based Coordinate Syste:

Tranform points from one CS to the
other

vvvvvv

Figure 44. Projection point transformation (Algorithm)
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3.2 Interaction

a.0.] User Interface Integration (Part 3 of Computational Tool)

a.0.1.1 User Interface Visualization

Loncept

The next and final step involves the integration of the daylight assessment into the design process. On the occasion that
the daylight assessment is proven to be “Good", no action will be initiated. |t is assumed that this is an ordinary situation
and it is not necessary that the user is notified. In case of an "Acceptable” or a “Not Acceptable” assessment, then a
procedure begins of mapping the highest points of the adjacent buildings on the Window's projection plane as previously
described. This mapping process contains a configuration concept on interpreting the surrounding environment in a
single graph that will enable the user to realize the shape of the geometric factors that are responsible for the not
optimal performance behavior.

Anather important aspect of the User Interface Integration concept is the way that these maps will be integrated into
the design process. The intention is that the notification has to be discreet, do not interrupt the design procedure at any
point and not
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Figure 45. Section View creation from hosting wall

have permanent presence on the User Interface. Therefore, warning messages or permanent tabs on the Interface were
excluded as an option and similarly any other graphic intervention on the user's views that would complicate the existing
representations of the model. As a result, the solution that was chosen concerned the creation of a new Section view
named "Room X Daylight Assessment”, in which the user gets informed of the problematic daylight assessment and is
let to decide with no further messages or signs what course of action will be taken, if any. As soon as some modification
occurs in the Room, the algorithm is triggered again. If the new situation is marked as "Good”, then the view is deleted.
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Algorithmic procedure

— The Section view was chosen to be parallel to the
<7 m; e hosting wall of the Window(s). The algorithmic cre-
' ation of the Section views involves the definition of

Creation of Daylight Section

a new relative coordinate system and two points
that can be defined as the furthermost vertices of
the walls boundary box. The wall's boundary box is

able to serve in this case as the section's section

box (figure 45).

Figure 46. Section View creation from hosting wall (Algorithm)

The wall is acquired as the hosting element of the Window with the node Familylnstance.GetHost. With the node Ele-
ment.etLocation we are able to acquire the starting point, the ending point and therefore the length of the wall, since
the location of the wall is defined as a line and not as a point. The specification of the relative coordinate system requires
an origin point, in this case the start point of the wall, a x and a y axis. As x axis will be defined the vector connected the
starting and the ending point and as y the universal Z axis (figure 43). The bounding box of the wall can give us the height
of the section with the node BoundingBox MaxPoint. With the use of the Wall width we can specify the two furthermost

point (P1. P2). The name of the view is specified as “RoomName, RoomNumber, Daylight Assessment” (figure 46).

The visualization takes place by applying region (hatch) pattern to a closed curve defined by the maximum-angle points

of angle o, as created, with the process described in the previous sections, and the correspondent points at the bottom-

line of the Window. Separate region patterns are applied for angle o and angle B (figure 47).

Figure 47. Visual Representation in Dynamo
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The final outcome regarding the software integration involves the way the results are represented in the Revit Interface.
In the place of section views a new view is automatically created, centered to the Window of interest. The hatch regions
represent a map of the obstructions based on their relation to the Window. The angle range for angle o is extended by
an amount of 20° on each side, therefore, the hatched region covers an angle range of 140° for ground-based obstruc-
tions (angle o) and an angle range of 120° for Overhangs (B). This extension gives an overview of the possible daylight
impact if the Window is slightly relocated. Text descriptions present some basic values of the daylight evaluation as well

as level 600, which is also marked.
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Figure 48. Visual Representation into Revit's User Interface

In this picture, the user is in reality able to evaluate four parameters that affect the daylight evaluation. The first is a
map of the obstructions in accordance with the relations they create to the /acation of the Window (moving the Window
upwards above level B00mm would have clear benefits and shifting it to the right as we see in the picture as well). The
second one is the effect of Ground-based Obstructions and [verhangs to the formation of this result. The third is the
effect of Shape / Size of the Windowin the Fquivalent Daylight Opening Areaand the last one is the effect of the Koom's

Surtface Area.
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Algorithmically this process is realized by adding text notes to the previously created Daylight views. The notes are

parametrically created according to the outcome of the assessment (figure 43).

oom Daylight Evaluation.

Figure 49. Text note creation in daylight views (Algorithm)

9.2.1.2 Deletion of Daylight views

R Eython Script - o X
clr
clr.AddReference( ' Re

clr. ImportExtensions(Rey
clr.AddReference

t(IN[4])

nstance.EnsureInTransaction(doc)

Figure 50. Daylight view deletion (Algorithm)

Although this process might be a starting point of a gen-
erative design process, in which an intelligent system
opts between a certain amount of actions, the intention
of the project had always been to rely all the final deci-
sion-making on the designer. The tool does not attempt
to assume the design principles and prioritise actions
based on "algorithmically subjective” criteria but keep
the daylight design highly interconnected with architec-
tural design.

As part of the discreet intervention into the design
software, one of the requirements was not to distract
the user with unnecessary information. Therefore,
one of the notions regarding the tool was to withdraw
the actions related to the daylight assessment after
the issue is properly sorted out. Specifically, this
means to delete the daylight views associated with
one Room after the Daylight evaluation is assessed as
“Good". In order to realize this, a simple python script,
able to delete Revit views, with an if statement, is cre-

ated (figure al)
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a.2.2 Properties re-assigned to the objects

At this point, it would be useful to re-assign some of

Create "Room Daylight Assessment" Parameter
orr— the numerical values, derived from the daylight evalu-

>

ation, as parameters into the object properties. There-
fore, that information, that gets updated along with the
changes in the state of the model, would be accessible
and exportable from the user on various purposes and
other program applications.

Regarding the Aom objects, the additional parame-
ters in the Azom properties would be the Fguivalent
daylight area (Ae) and the Daylight assessment and re-

garding the Window obiects the Fguivalent Daylight

lpening area (M) angle a and angle 8 (figure al). This

step will be another part of the transparency of the

tool in which the user will have the possibility to gain a

element

clear view of which aspects the tool takes into account

Code Block

parameterName b4

value >

and the opportunity to make a rough association with

the outcome calculation.

Figure 52. Setting the value of the object properties (Algorithm)

The algorithmic procedure in order to realize this function requires the daylight related properties to be assigned to the
software objects as object parameters. Therefore, the Parameter. AddParameter node will be used (figure al), in order
to create a series of the aforementioned instance parameters (Aguivalent daylight area . angle o, angle 8, obstruction
factar L etz) to all Room and Window objects of the project. Consequently, these parameters will be assigned the
calculated values with the use of the Element.SetParameterByName node (figure 52).

2.8 Conclusions

Benefit for the architect

The designed tool is an attempt to explore possibilities regarding building performance optimization inside the architec-
tural design process, in which contemporary tools partially lack. The tool of course, as designed, has many limitations,
not only because of the broadness of its implementation which is necessarily restricted to the boundaries of this project,
but also because of the philosophy under which it was constructed. The philosophy is not based on the accuracy of the
analysis, the metric verification produced by lighting simulation tools or even the high-level validation of daylight quality.
The tool is based on transparency and comprehensibility. The designer - the architect - for the scope of this scenario,
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will have in possession a tool that offers a clear representation of the aspects that affect the daylight access. The
architect is not engaged with any analysis results, is not required to have particularly any knowledge of daylight and, as
significantly, any additional knowledge of software apart from the particular BIM software that is already using. The
geometric alterations that will immediately improve the daylight assessment of the Azzm are then easy to determine.
(verhang control, shift to the sides, rising or completely altering the shape, the architect can decide based on the
subjective criteria that are set.

Furthermore, an additional advantageous aspect for the tool, is the instant response it provides along with the “live”
update on the changes in the status of the model. This part is exceptionally critical for the intentions set at the beginning
of the research. As the Early Stage Design requirements determine, it is essential that the proposed alterations, in key
aspects of the design, are deeply connected to the design procedure and not a separate process that occurs at a later
design stage, when the main designer or the external consultants decide to gain insight about other aspects of the
project. As a result, the instant response this tool provides, is a crucial function of the tool so that the design keeps
constantly on track or within permitted boundaries. Lastly, the tool provides a discreet intervention to the design pro-
cess. In that sense, it was not desirable to interrupt the design procedure, but in a sense notify and "keep a note” (project
views) that an issue needs to be sorted out. The solution of creating a separate view that disappears when the situation
is re-assessed as satisfying, was decided that it was an appropriate intervention.

Benefit for the system

(ne of the benefits for the system is that along with the goals of this research, a new feature was developed that can be
useful in other functions of future BIM systems as well. The feature concerns a computational method in order to map
the surroundings and to provide filters that will identify the type of surroundings. This feature will be able to relate to
views or optical connections of #zoms, since it can provide a “map” of the surroundings on the surface of the Window.
With a few adjustments it would be possible to provide the same map in points inside the #zzm. A further development
of the tool is the new capabilities it provides. of improving the object-behavior of the Windowand the Dverhangs. In this
regard, the Windowbehavior is optimised by identifying the interior and exterior space and the Jverfiangs are possible
to be recognised as such based on a specific procedure. Furthermore, new properties are introduced as object param-
eters in the User Interface of the software. These parameters refer to certain functions, they are readable, providing
certain information for the user, but also, they can be the input for other program functions. For example, the obstruction
factor is a Window property that alters along the development of the design but can provide a timeline of the way it was
affected along the design alterations. Lastly, this feature provides a new foreground for more sophisticated object rela-
tions and therefore simpler capabilities, regarding generative design and intelligent objects. Part of integrating intelli-
gence into object behaviour is to deconstruct a problem into basic principles which will enable the combination of the
principles into one coherent and acceptable solution.
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b. Prototyping

b.I Test Case
BK City

The test case is the West Wing of the building of Architecture, Urbanism and the Building Sciences of TU Delft, called
Bouwkunde City (BK City). The building in its original form was designed by G. van Drecht, in 1317, in the "traditional style

with influences from the Amsterdam school”. The building was not fully complete and remained partly used until 2008,
when a fire in the TU Delft Faculty of Architecture, resulted in the selection of this building as the new haost for the faculty.
The extended renovation that took place was the latest intervention into the building's form The Southwest Wing on the
first floor of the building. which will be the specific area of interest is hosting the Architecture Technology & Engineering
department.

Architectural design model

The Architectural model was designed based on the principles that were already described. The environment was Auto-
desk Revit's Architecture Template. All used families except for the Overhangs were Revit's System families and families
as loaded from the default Revit Library (objects). The Overhangs were built as new custom-made wall-based families.

Figure 53. 3D View of the building model in Revit
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This procedure is an ordinary procedure for Revit users, however, as stated in previous chapters, it has been standard-

ized in order for the families to acquire specific behaviaor.

Test Alternatives

The tool will be tested on 3 Rooms. Each one aims to deliver different outcome; however, the tool is supposed to function

on any of the Rooms of this project. Room 25 is a Room identical to the existent. In Room 24 the Window size was

decreased at its width and an Overhang was added. This Room is expected to show an acceptable daylight assessment

and therefore still require improvement. In Room 23 the existent Window was split in two narrow Windows and addition-

ally Overhangs were added.

R S e S S e g a0t
L

Figure 54. The case Rooms for the assessment of the evaluation
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b.2 Validation of the prototype

Validation of the prototype was important in order to testify whether the algorithm produces the results as intended
according to the regulations. So, regarding this aspect, the process was done with hand calculations and the tool was
checked on several steps in order to testify its function in accordance with the ordinary procedure. Therefore, the hand
calculation procedure will take place, following the steps proposed by the regulations. In the meanwhile, the calculations
will be compared with the algarithm steps in order to affirm the proper function of the tool. The Room which assessment
will be the means of verification is Room 24.

Calculation of Ad

The analytic calculations showed that the glass surface of the Window above level B00 equals to 1235 m?. This number
accords with the algorithm calculation which equals to .263.

Tttt Galculate Ae
[ T [ [ T [ [ T [ [ 1 NS New Window heght
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Figure 55. Hand-Calculation of Ad Figure 56. Algorithmic Calculation of Ad

Calculation of angle a

Figure 57. 3D view of a-angle rays Figure 58. a-angle rays in floorplan
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The analytic calculation of angle o was assisted by the use of the building model in Revit. The calculation of this angle is
tedious without algorithmic methods and quite inaccurate to the greatest part. Following the procedure as described in
the NEN 2057 requlations angle o was calculated [3.4°. With the computational tool the angle o was calculated 18°. This
discordance is not beyond an acceptable range and is caused partly because of the inaccuracy of the hand calculations
and also partly due to the denser vector array of the algorithmic calculation. In any case it will not play a role in the final
calculation since regarding the regulations the minimum value that can be considered for angle ais 21°

Figure 59. a-angle rays in sections

Calculation of angle B

In a similar way angle B was manually calculated as 41° and computationally as 41.875° rounded at 42°. These two meas-

urements match very closely which is normal, since the calculation method of angle B is much more accurate. The

Figure 60. Algorithmic Calculation of angle 8
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calculation of angle B must not be misconceived with the angle 99.21°, shown in figure Bl The shown Overhang in this

section covers only a part of the 120° angle range within which angle B is calculated.

sweep overhang

Projection ‘ane

Figure 61. Hand Calculation of angle 6
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Calculation of Cb

Bin° ain®
Van | tm. 20 21 22 23 24 25 26 27 28 29 30 31 32

30 [31 [o075[074] 073] 072] 0,72] 0,71| 0,70 0,69 | 068 0.68] 0,67 066 0,65
31 |32 | o074|073| 073| 072|071 0,70| 0,70 | 0,69 | 068 067| 0,66| 066 | 0,65
32 |33 |o074|073|072[071| 071|070 0,69| 0,68| 067 067| 0,66| 065| 0,64
33 |34 |o073|072|072|[071| 070| 069 069| 0,68| 067| 066| 0,65| 064 | 0,64
34 |35 | o073|072|071|070| 0,70| 069 068 | 0,67| 066| 066| 0,65| 064 063

35 |36 | 072 0,71| 0,71| 0,70| 0,69 | 0,68| 0,67 | 0,67 0.66| 0,65| 0,64 | 0,63 | 0,62
36 |37 |072|071| 070| 0,69| 0,69| 068| 0,67 | 0,66| 065| 0,64| 064 | 0,63 0,62
37 |38 |o071]| 070] 0,70| 0,69| 0,68 | 0,67| 0,66| 0,65| 0,65| 0,64| 0,63| 0,62 0,61
38 |39 | 071|070 069| 0,68| 0,67 | 0,66| 0,66| 0,65| 0,64| 0,63| 0,62| 0,61 0,60
39 |40 | 070]| 0,69| 0,69| 0,67 | 067 | 06| 0,65| 0,64| 0,63| 062 0,61 061 0,60

40 | 41 069 068 067066 | 065 0,64 063] 062] 062| 0,61] 0,60 059
41 | 42 |oe69||loes| 067| 066|065 | 064| 063| 0,63| 062| 061| 060 059 0,58
42 | 43 [UBBT 067| 066| 065|064 | 064| 063| 0,62| 061| 060| 059 0,58 0,57
43 | 44 | 067| 066| 065| 065|064 | 063| 062 0,61| 060| 059| 058 057 | 0,56
44 | 45 | 066| 066| 065| 064|063 | 062| 061| 0,60| 0,59| 058| 057 | 0,56 0,55

Figure 62. Determination of Cb from the Table 1
As derived from the two cases Cb will be exactly the same and equal to 0.69.

Calculation of Aq and final Daylight assessment

The Aq value as calculated in the manual method was 0,83 m? and with the algorithmic procedure it was also 0,83 m?
(plus some decimals). Consequently. Equivalent Daylight area (Ag) in both cases equals to 4,8% (A = 4.8% of Room
surface).

Therefore, with both calculation methods the final assessment is 4.8% thereby not acceptable. The tool complies per-
fectly with the daylight requlations.
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Figure 63. Algorithmic Daylight Assessment
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b.3 Verification of the prototype

After the affirmation that the computational tool functions in proper relevance to the regulations, the verification of the
prototype is the next critical step. The verification method that is chosen is dynamic testing on different variations of
Room conditions. In order to provide the boundaries of the validation method, it is first necessary to set the limitations
of the toal.

o The tool corresponds to vertical Room-bounding walls. For inclined walls, roof openings etc the rules that apply

have slight alterations which have not been considered.
o The tool does not consider external separations.
« The tool considers as daylight openings only Window objects.

The validation will be carried out considering two design variations. The one will be based on a typical Room of one
Window. The second variation will be based on a Room with more of two Windows in two directions (corner Room). The
second alternative covers two main challenges of the designed algorithm. The first challenge is the dependence of the
algorithm on the project x, y axes, since the tool has to be able to function effectively in any direction, which also applies
for the individual Window orientation. The second challenge involves the number of Windows. The Room status. regarding
the number of Windows should not be a restricting factor of the algorithm's applicability. At the same time, these two
design variations (typical Room, corner Room) must be functional under the three evaluation alternatives of the failing,
the acceptably fulfilling and the well fulfilling daylight assessment.

The function of the simple one-Window Room is performing as intended, as also indicated in the validation chapter, re-
garding the daylight evaluation part when the angle range of o is divided in 10 angles of I0° each. However, the algorithm
was designed for n equal angles, where n is a user defined “analysis-refinement” parameter. Parameter n is involved
into numerous calculations and the function of the algorithm will need further development in order to include also this
aspect. In any case the refinement parameter is not considered as a necessary requirement

Regarding the part of the integration of the results in the User Interface, the response of the algorithm has been ac-
cording to the intentions. No action taken for “Good" daylight evaluation, whereas the algorithmic part of 2D mapping
and the Interaction with the software is performing optimally on the “Acceptable” and "Not Acceptable” evaluation con-
ditions. The last part of the “live" update according to the results, involves deleting the created view if the updated
situation fulfils the requirements. This part of the algorithm also functions as intended.

The verification of the prototype in the bidirectional-window Room

case (figure 64) was evaluated as more challenging and one that
would affirm the applicability of the tool on a much larger amount of
design variations which include a large number of windows on mul-
tiple directions. However, the index of the collected rooms had to be

changed manually (figure Ba). The reason for this non-automated

Figure 64. The bidirectional (corner) Room function was that it was not possible within Dynamo to loop item
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selection after the whole set of functions was completed. deally, item[0] (windowl) would have to be selected, all func-

tions regarding the calculation of angle o, angle B. factor Cy. and area Ay would have to be completed and then proceed

to item(!] (window2). Although this procedure would be rather easier to apply within a reqular programming environ-

ment, in Dynamo, which is a visual programming environment, such loops are harder to implement. At a future develop-

ment stage, this would be a reasonable improvement.

S oo
Select EITISNE P FOOMT >

Element : 592623 phase >

D

cmnem from Window List %

Code Block

index >

Figure 65. Manual Window switch

However, the manual input inside the algorithm is limited to this. The calculations between different windows take place

in Excel (figure BB, 7). in order to be able to calculate the Equivalent Daylight Area of the Room. This way, even though

that within the Dynamo environment the values change for every different Window calculation, they will all exist in an

Excel environment and re-introduced into Dynamo.

Write Angle a in Excel Write Angle B in Excel

= ~p
Write cb%%\w ite Ad in Excel
= - =

A n c o E 3 & " 1 1 3
Windowl Window2 Window3 Windowd Window5 Window5 Window? WindowE Window®
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| o

0835 Total Daylight Area of
Room

059908 a 0 0 o 0 o 0

125824

Figure 66. Algorithmic data storing in Excel

Figure 67. Excel file
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Another challenging aspect, in correlation with the single-window room case, was transforming the points of the repre-
sentation into the proper direction. As already stated, in order to achieve this, a new coordinate system had to be created
according to the facing orientation vector of the window (figure 68).

.
i
oordinate system based on location Tranform Coordinate Syste

Figure 68. Adjustment of the coordinate system transformation of projection points

The creation of this part of the algorithm, required an additional if statement (figure B9), in order to figure out whether
the previous and the new coordinate system are the same or not. In the case they are not the same, then X and Y
coordinates from the origin point are reversed, in order to be assigned correctly for the rest of the functions which are

basically the creation of the projection points and the creation of the daylight views.

N N N\ The final operation that required verification in compari-
= son with the previous version of the case model, was the
deletion of the views if the daylight assessment is evalu-
ated as "Good". This part of the function requires a simple
if statement, as described before. The rest of the functions
performed as expected since the challenges from the bi-
directional case did not require any significant alterations
in order to configure properly the final outcome.

Figure 69. If statement for coordinate x, y transformation
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1.Conclusions

Project Fulfillment

The integration of a daylight assessment tool in BIM design systems, for the purpose of this thesis project, was evaluated
as the only appropriate option, since BIM systems appear to be the most prominent building design platform that can
operate as a multi-functional environment. BIM systems with the information they contain can provide a fertile ground
for early stage performance assessment without the use of extensive input or external software. Towards this direction
Autodesk Revit was chosen as a BIM software that could incorporate most of these functions. The minimum input needed
for the tool to initiate, is limited practically to just specifying the Azom in the design and using Window families as
specified, constructed in an optimal way and containing the typical Window parameters. Therefore, the tool's consistent
and effective applicability in the first design stages was achieved.

The problem of providing feedback to the user. that does not require specialized expertise in order to interpret and
translate it into design valuable choices for the architectural practise, was answered by using low threshold, “statistical”
calculation rules that make use of geometric relations. In this process, the Bouwbesluit daylight requlations were iden-
tified as an optimal choice, since, based on the NEN 2037 standards, they form a series of geometric relations between
the Window and other structures. In a design environment like BIM, where all design components are expressed as
objects, the Bouwbesluit daylight regulations were able to turn into a powerful tool of enriching the existing behavior of
objects within the system.

The total intervention had to remain embedded in the function of the software, without external processing or visualiza-
tion tools in a procedure that could very closely simulate the true function of the program. That purpose had to be
fulfilled. also in order to be able to provide live feedback during the design procedure, seeming-wise the function of Revit
during design. Of course, it was known that such expectations could not be fully functional in terms of the time it would
need to complete, but it was clear that in technical terms keeping the tool within the same system could make the tool's
operation feasible. For that purpose, the algorithm was constructed in Dynamo, a tool designed for Autodesk Revit and
which is able to extend the parametric capabilities of the program and produce visual representations of the constructed
Process.

The first part, the daylight evaluation within Dynamo, was very successful. The program was able to perform all desired
functions, extract parameters and data, identify geometry, raycast and perform all necessary calculations in order to
produce validated results according to the examined design variations and the given daylight requlations. Even though
the full range of design variations in the daylight regulations were not covered, since this was not within the scope of
the research, it was clear that such development is totally feasible using the proposed method. The second part, the 2-
dimensional mapping of the environment, was also very successful, since it relied mostly on a mathematical approach of
introducing the numerical values derived from the evaluation in a 20 scheme. The third part, the integration of the
results, was satisfying in correlation with the capabilities of Dynamo. The program was adequately capable of producing
visual images of the results and introduce them to the design Interface in the intended way, as well as creating all kinds
of parameters in the object properties, in order to extend their behavior. Transparency of the tool was accomplished
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through the visual representation of the assessment in the project's views. The user is not only provided with a graphic
display of the object relations affecting daylight access, but also with the use of minimal descriptive text can easily
identify the primary causes and achieve a rapid improvement of the design.

The requirements set in the problem definition of creating a tool integrated uniformly in the design procedure, supporting
the initial decision-making, that does not require any specialized expertise and that can produce transparent feedback
in a non disruptive way, to the design procedure, were the intended goals of this research. In this regard and without
undermining the space for improvement of each individual part, the creation of a daylight assessment methodology,
integrated in the typical BIM design workflow is evaluated as a feasible task.

Further Impact

This research is not attempting to create a computational methodology that would prevent the use of specialized con-
sultants. In other waords, it is not attempting to lead to flawless design. regarding daylight performance, besides, even
the intention of the Bouwbesluit Requlations is not this. The tool attempts to emerge daylight performance issues early
in the architectural design and promote design exploration towards optimal directions, always with the perspective that
similar efforts on other aspects of building performance, would be able to farm a compound total of performance-driven
exploration.

The centred focus on BIM design tools is opted because BIM is the only coherent design platform that seems to be able
to effectively host an assessment methodology regarding building performance aspects. BIM, in its entity, is character-
ized by intelligent relations between objects that can interact according to specified behavior. This function is embedded
in the system's coding and rationalizes the design procedure based on functional (e.g. wall hosting Window), structural
(e.g. Window to wall connection, beam to column connection) and other aspects. In any case, while BIM contains all the
critical information to form instructional guidelines on several aspects during design, it is limited to enabling such func-
tions only to superficial and very straightforward cases. Moreover, aspects related to even more subjective factors,
such as building performance in general, have been completely excluded from the behavioral development in BIM. With
this research, it is attempted to indicate that the creation of performance assessment methodologies, that can provide
easily applicable feedback, constraints and therefore design optimization, using low threshold calculation methods, can
offer a promising potential in the development of the BIM systems. Low threshold decision-support methods that had
been extensively developed by architects and engineers before the existence of the simulation engines are primarily
based on simplified relations between building elements. This concept, if researched thoroughly and implemented ac-
cordingly. is possible to be adopted by the object-oriented BIM design systems in order to prevent design misconceptions
and effective design exploration.

Furthermore, intelligent object-behavior and genetic design, based on simulation results, is a process that cannot over-
come the experimental stage of delimited implementation without taking more efficient calculation methods into account.
Intelligent design requires intercomplex object relations and the compound expertise, existing in practical calculation
methods and regulations, can enlighten these procedures of upgrading building design based on multiple aspects. More
specifically put, attempting to improve design, based on simulating numerous design variations and evaluating the out-
come can be a dead-end process when multiple objectives need to be included. Intelligent behavior requires intelligent
object relations and therefore without critical (and simplified) assessment of these relations this process might prove
inevitable.
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8. Reflection

The tool can be a very helpful means of promating proper daylight assessment and exploration in the process of design.
The fact that it requires no input, and that it can run without any initiative from the designer, not only simplifies the
procedure of providing adequate daylight to the in-process spaces, but also gives notice of a design aspect (daylight)
that can be under-evaluated or completely avoided during the formation of the building envelope. The discreet interven-
tion to the design procedure is also an additional benefit, which is rather rare in the BIM intervention philosophy, which
tends to burden the flow of the design procedure with warning messages. Lastly, the fact that the Representation views
are able to indicate the sort of action that would instantly improve the daylight access inside the Room is also one of the
key contributions to the design procedure. These are some fundamental characteristics of the constructed tool, that

make it rather valuable and economical, in relation with the sources required, in the design procedure.

However, several aspects make its general implementation quite unfeasible in the current technological status or with
the proposed workflow. The main reason is that ray casting, the main technique with which the obstacles are measured
and quantified, is a computationally demanding procedure, something that is reflected on the time needed to perform. In
the current workflow, the operation, as described, is being ran for every action that is related to the envelope of a room.
Although that this procedure is much more economical than an ordinary simulation process, current domestic computer
processors probably cannot support such a demanding procedure at such frequency and, at the same time, support an
untrammelled design process. Taken that the workflow, as described, is considered a core attribute of the tool, we believe
that the speed of technological advancements along with programming improvements by software professionals can
make this process, at least concept-wise, feasible in the near future. Therefore, ray casting is, on the one hand, the
process that actually enables the realization of the tool, but also, on the other, a weakness in order to provide wide
applicability in a reqular design process. However, it is not clear at this point, if another process could have been equally
effective, regarding direct daylight assessment.

Al in all. design software platforms that aim to integrate aspects that support versatile decision making, will have,
eventually, to develop tools that perform uniformly with the design process and not as external processes. In a similar
way that design clarity in BIM design, made room for the 3D, 4D and 5D development of the designs, a clear and straight-
forward building performance integration in the design software, can develop these aspects in a more suitable and
uniform integration in the built environment.
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