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ABSTRACT

Building designers rely on computers for many reasons.eSoithese are accuracy in
drawing measurements, accessibility to the design psofpesst and present), consistency in
standards and drawing symbols and ease in making chandesuatomization. These
benefits cannot exist if design data is not in electrdmimat. Unfortunately the important
early design stage, conceptual design, is presently atistied using drawings that are not
electronic.

This paper discusses issues concerning the production ofroglie early-design
drawings. It presents information about the decisiondent@y designers in creating design
solutions and a way to digitally capture both the procedgtasolutions. It is based on the
findings in a Ph.D. research project that culminatechéndesign and implementation of a
prototype system (@BL DT) for assisting early building design process.
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INTRODUCTION

A building product is created through a process that is econgid requires the participation
of numerous professionals who must work together asia.té begins with the architect
who formulates relationships between building spacestandorm of the overall building.
The engineer then designs a structure that will vatidtall forces acting on these spaces.
Then as work continues, input from other professiomgslsoinsidered until the building
design is complete (Cross, 1998; Purcell and Gero, 1998; As¢traln 1999)

The trouble with this early design process is that datei yet interchangeable between
these professionals. The architect’s sketches do notiexastvay that is digitally usable by
other designers or members of the building team. Whenathhitect takes the time to
formalize these sketches and re-draft them digitéiign the engineers can be invited to
perform their part of the job. This process is erromprand can lock the engineer out of
critical early decisions.
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In the following text, references will be made to pnetotype system@BL DT (Meniru,
2005) to illustrate or clarify the discussion. Figure dvehithe interface to@BL DT.
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Figure 1: ©BL DT Interface
There are 7 areas to note. The area at A provides @& seimmands for creating and
manipulating design items. B is used to draw or creatgmé®ms. C & D are used to
capture and organize the design space. C is specificallytaseghture design items and the
relationship between them while D is used to captungtieok and the relationship between
two or more solutions. E, F and G are used to configureofmizt) design items and to
provide feedback to the designer.

DESIGN PROCESS

Building design begins when a designer is contractedrdaded of a housing need. Work
at this initial stage consists of determining requiremants understanding the exact use for
which the building is needed. This process involves theiocreand manipulation of data in
the form of text and freehand drawings. The designer lysdakes this in an isolated
environment with information that cannot be immediaslgred with the other design team
members. The goal is to establish a concept that bestssgdrthe need for the building. It is
of the best interest of the designer to explore moa@ bne alternative for the concept in
order to increase the possibility for success (Fricke, ,1888akin and Goldschmidt, 1999).

Ideally the integration efforts between the memberhefdesign team should start early
to make sure that the concept is optimal for all pafthe building. The sketch process of
the designer defeats integration; even if sketches sleeeable during this early stage it
would be difficult to rely on them as they are comtinsly changing, which is one of the
main reasons why designers isolate this process iirsh@lace.

When the concept variations are ready, they are iitveiewed by the designer and the
owner. Parts of solutions may be mixed and matched (wikiavhy it is best to provide
variations) and finally a single solution will emergebar chosen as the most viable to the
owner's described needs (Atman et al., 1999; Cross, 1998).clhi®Is is then transferred
into a digital format using Computer-Aided Drafting and Dagprocess. Thereafter digital
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plans are sent to other design members who use the atfonras a guide to completing
their part of the project.

Often errors arise in the transfer from manual totaliglata. Most of the errors come
about as a result of misinterpretations of the desgmaent during sketching however the
most important problem of this process is in early dedigta and how this data is made
available to the designer.

The following section describes relevant charactesstf digital drawings, followed by
descriptions for digitally capturing and relating building dassolutions.

DIGITAL DESIGN ITEMS

When designers sketch or draw buildings there are tmasithat are dealt with; the first is in
the form of a container which is usually an object witkize or more accurately an object
that occupies space in the design. Typical examplesigaae e.g. Living Room. This item
type is called a Corporeal item. The second item isodingr data that the designer considers
in the building design process. Such data do not occupy spabe idesign but they can
influence Corporeal items. A typical example is a.lifikeis item type is called an Incorporeal
item (Meniru et al. 2003, Meniru 2005).

The highest level Corporeal item is the Space. thasle of sides (4) and ends (2) as
shown in Figure 2. Spaces can be grouped together to formratre specialized objects
such as a Floor Level or a Wall. Figure 1 shows a Hawel that is made up of 3 Spaces
and each space is made up of 4 sides and 2 ends. The heyeédhcorporeal item is the
line. It is made up of a direction (beginning point, end p@nd a width) and other
specialized feature such as intensity for a force.

Space01 Space02 Space03

RXERRER:

Side01 Side02 Side03 Side04 EndO1 End02

Figure 2: Space object
There are three stages in the use of design itemsydinerdesign process:

FIRST STAGE (DRAWING PROCESY

The first stage is the drawing or creation of a deggm. This is a decision the designer
makes and the basic properties of the item are recogniz@dexorded in the design
automatically. For the Corporeal Item basic properiedude boundary, location and
orientation properties. Newly created Corporeal itames generic with default choices and
parameters that have not been specialized for the rdasilytion. This stage cannot be
assumed to be a solution in the design process. Fompéxamewly created Bedroom item
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does not have windows or doors and has not been shapeccibiedpe satisfy the client’s
needs.

SECOND STAGE (CLASSIFICATION PROCESY

The second stage is made available so designers can dedigamdunctions of the items
being created in the first stage. A Corporeal item @ddsignated as a Kitchen. This action
automatically recognizes the default characteristicshefKitchen as a building space (a
place for preparing meals that must include areas fdmgutwashing and cooking) in
addition to the properties described in Corporeal items @@ynlocation and orientation).
Many typical design items are provided in this stage asad@ations from Corporeal items.
Some examples are Living Room, Dinning Room, Storage, etc.

THIRD STAGE (CONFIGURATION PROCESS

In this stage a typical building item is specializediolon a unique design solution. A typical
Kitchen is a building space that has sides, a topr{g¢iand a bottom (floor). Detailing this
kitchen may require the removal of one or more ofdldes by adjusting the boundaries of
the kitchen item. More configurations can take placecwluan include adding windows,
doors or refining the proximity with other items in the dasi

Much of the design process can be managed by assuming defaek until the designer
decides whether to change these decisions. The ambélekibility is only limited by the
designer’s capabilities.

Figure 3 shows a newly drawn item i®BL DT at B1 and possible classifications at E1.
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Figure 3: Preparing to classify a Corporeal design item
After classification, ©BL DT automatically updates as shown in Figure 4 providing the
designer access to configure the newly created desigratteiimdows B1-5.
The discussion so far has been about how the desigmerezte typical design items and
be able to detail them in a way that addresses a senigfie issues that will lead to a
visual/aesthetic solution. What about the relationshipvéen items and the functionality of
the design solution?
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Figure 4: Classified design item

RELATIONS AND REASONING

The means for recognizing relationships is the use oéfduleies. Special Corporeal items
called Connectors use these hierarchies to form the reqeile@@nships necessary in the
design space. Utilizing relationships, it is then posdiealesign items to communicate and
exchange information in a way that properly manages tsigrie

HIERARCHIES AND CONNECTIONS

As mentioned previously Corporeal items are like coetaimnd they are able to determine
their parent and any children. When a Kitchen is createshmes with the knowledge of
other spaces that can be contained within it such asguttashing and cooking areas. This
makes it a parent space. In this way, parent spaceblaredananage the size and location of
child-spaces throughout the design process.

The parent and child relationship facilitates communicatibawever communication
between spaces outside of their hierarchies are managedthspecialized Corporeal items
called Connectors, which can be created only at the bopnfi@orporeal items. There are 4
types: Door, Window, Hole and a Space Joiner. These ctmmnigems represent different
relationships between spaces.

When a space is copied, it is possible to copy all athtlsl-spaces including the relevant
relationships. When a space has been copied or movednatber, a check is performed to
make sure that the relationship between the two spadeasible. It does not make sense to
have a dinning area inside the garage for example. Isatime way, entire hierarchies can be
copied from an entirely different design solution andoéelato fit into a new one.

CoBL DT allows the capture of relationships through the uda@esarchies as shown in
Figure 5.

REASONING

During the early building design process there are certgjuirements and properties that
the designer establishes such as those for the owneignée and the building
codes/standards. Such data can be made available agtheifg of the design process so
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that during the design sessions, their implementation ke automatically checked and
managed by the design tool.
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Figure 5: Relationships (hierarchies) Figure 6: Solution paths

Checking and managing requirements can be accomplislmeyththe use of formatted
files external to the design tool. For example in ¢hee of designing a multi-car garage
space, ©OBL DT provides assistance by checking to make sure thaethered minimum
space for the specified number of cars is satisfied.f@l@ving is an explanation of how
this occurs.

An external file provides the tolerances and spatiglirements in a format shown in
Table 1. All fields require single values except “tolerdnadich require a list of six
numbers in the form of: "length, number_0, value_0, widtimber_1, value_1". Using these
numbers, a tolerance of "value_0" will be applied totttal number ("number_0") of sides
of type “length” and a tolerance of "value 1" will be bgg to the total number
("number_1") of sides of type “width” for the design item.

Table 1: Standard design information

length : 4750
width ;1800
tolerance : [ length, 2, 150, width, 1, 100 ]
height ;450

To illustrate this, Figure 7 shows a space with sid¢4d "D". The tolerance required to
accommodate the space is provided in the statementtjlehgtl50, width, 1, 100]. This
states that along the length of the space, the tws §id€ and "B") must have a minimum
buffer of 150 while along the width at least one sidé' C'D") must have a buffer of 100.

With the requirements set (earlier in the design pg)des a 2 car garage space, the total
spatial conformance will be calculated using data sirtoldrable 1 with the exception of the
values in the “tolerance” which for a car is [length5@0, width, 2, 500]. Any garage space
that do not provide such minimum dimensions and toleranmeeagged for the designer's
review.
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Figure 7: lllustrating tolerance determination

Checking and managing properties provides a utility for acdsimpyi complex
computations that produce results applicable to the deAigexample is the calculation of
Solar Savings Factor (SSF). The SSF calculation compleeauxiliary heat needed by a
solar-heated building to that needed by an energy neutildinty that is otherwise similar.
An energy neutral building is one with walls that havegther solar gain nor heat loss [Stein
and Reynolds, 1992]. The data needed for this calculat&moisn in Table 2.

The labels "ratio_low" and "ratio_high" identify values the lower and higher ratios of
solar glazing area to the floor area. "SSF_no_|_low"'&®8F no_|_high" give approximate
low and high SSF values when there is no night insulatihereas "SSF_|_low" and
"SSF_|_low" correspond to the case with night insulatibmese are applied in appropriate
equations to obtain the required information needed by thgrer for providing optimal
indoor climates that take advantage of solar heating.

This minimizes the fear of errors and leaves the desigvith the ability to apply
required properties in a consistent manner.

Table 2: Values for calculating SSF

--—area of solar glazing as ratio of floor area---

ratio_low : 0.25

ratio high : 0.50

---approximate SSF values with no night insulation---
SSF mno_I_low : 0

SSFno_Ihigh : O

---approximate SSF values with night insulation---
SSF_I_low : 54

SSF_I_high 72

Utilizing this ability to recognize relations and to provslgport in applying the design
requirements and properties, it is possible to capturgrmiesilutions in a way that is not
disruptive to the designer during the design process bubeasdme time provides the
necessary assistance and management of the design issues

CAPTURING SOLUTIONS

At the beginning of the design process, it is not possiblspecify all design parameters.
Design solutions therefore consist of default (geneanyl customized configurations.
Capturing design solutions include the capture of both gemedicustom items.
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SOLUTIONS : GENERIC

A generic solution provides the same functionality relgess of its application or location.
For example a Dinning room is a space where food is san@é@ Bedroom is a space where
one lies down to rest. These are generic solutionghiese spaces. Taking the Bedroom
example, a generic bedroom must then be able to acconematdtite minimum a sleeping
space and a changing space, including the circulatepnresl to do both by an average sized
individual.

This information can be predetermined so that the desigrassisted in creating such a
space either by checking to make sure that minimum spagalrements are met or by
providing the designer with a sample bedroom that alreatsfies all requirements.

This makes it easy to reuse prior knowledge that hastbeentested. OBL DT allows
the use and capture of generic design items as Corpasesttown in Figure 3 at C.

SOLUTIONS: CUSTOM

Designers also may customize spaces to address unique fEsaorerequirements. For
example a bedroom with an armchair and a split lesvalgustom solution. So customization
in this sense could be a change in the position or configaraf a characteristic as well as
the introduction of additional items that are not a iegpent for the typical use of that
space.

This information cannot be predetermined. The designer malgt sure that the original
function of that space remains applicable regardleasytustomizations. Once a successful
custom solution is created, it becomes possible to rdwese as complete solutions or a
starting point for further customizationoBL DT allows the capture of custom design items
as shown in Figure 4 at C.

SOLUTIONS : PATHS

Designers often create alternative solutions. Thesenast useful when they are accessible
throughout the design process making it possible for thgroesto view (assess), copy and
move (modify) solutions or hierarchy trees as needemkacolutions.

A path represents the collection of steps the designes gowough during the design
process as shown in Figure 8. PathO1 and Path02 are twinrsgaths. House, APO1 and
APO2 are consecutive steps in the development of solutibrR@dh01. Each step represents
a snapshot of all design items that have been cregié¢d that point in the design process.
Solution path PathO2 is derived from PathO1 starting atA#€1. A complete description of
the steps in Path02 therefore will include House, APO1, SHRIZ 8nd SPO3. Figure 8 also
shows that parts of solution path PathO1 have been reusexth®2P(data from AP02 to
SPO01). A simplified illustration of a solution path i8m in Figure 9. A step in Figure 9 is
similar to any of the steps in PathO1 or Path02.

Solution paths provide a fast and intuitive way to managd manipulate design
information regardless of the complexity of the desifime following is a description of the
creation of a new solution path as illustrated in Fegl#, 10 and 11.
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SPO1

Figure 8: Solution paths
Assuming the designer selects Step [3a] in the curreht(Badure 9) as the beginning
point for a new path, the design items in this steplarated and replicated in the design.
These replicated items represent a branch-off stemefasolution path as shown in Figure
10 at (Step [3c]). All other design items in the steps g to this branch-off step, starting
with the first entity in the current solution path (®féa] to Step [3a]), are all replicated and
collected in a new list (Step [1c] to Step [3c]) assirated in Figure 11.

[ Step [2a] B [Step [2a])
[step [34 [Step [al | -~ | Step [3a] -

Figure 9: Solution Path Figure 10: Branch-off Figure 11: New solution path
The current solution path (Step [1a] to Step [4a]) is saviidk the replicated items
become the new solution path. Solution paths are indeperfrom each other because
design solutions are unique. Once a branch-off occursleélielopment of a new solution
should not affect any previous ones. The aim of collecsmigtions is to save or freeze
previous efforts making it possible for the designer tostigate new ideas and still be able
to return and continue development. Replication makespitgsible as the solutions are
represented by copies that are not connected. For exdahgtlesigner starts a new solution
path consisting of Step [1c] to Step [3c] as shown in Figardf the object represented by
Step [2c] is edited or removed and the designer decidgs back to the first solution path
represented by Step [1a] to Step [4a], everything will bt was because Step [2c] was a
copy and all manipulations on it so far did not affee #tate of Step [2a], its original

version. @BL DT allows the capture of solution paths as showngare 6.
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SUMMARY

Design solutions involve complex considerations to fsatimusing design needs. The
capture of these complex considerations and relatiohghipossible in a digital environment
and necessary for collaboration in the building desigegss. To accomplish this however it
is important to enable the designer to work in the @igihvironment from the early design
stage which is when critical decisions are made thatheebasis for all other stages of
building design and construction.

The use of digital items (Corporeal and Incorporeah#eprovides the means for the
designer to consider building design issues and to gpest®that have a basic knowledge of
their purpose in the building.

Using such design items, the capture of relationships kaodvledge in the design
becomes possible. Relationships are captured through thef bgrarchies and knowledge
is embodied in the digital items, which enable a ni¢kraction and feedback that enhances
the design process.

Solution paths capture the solutions including any alteremtéxplored. The solutions
can be browsed (reviewed) and parts of solutions can béogdede copied or moved around
in an attempt to create the best possible solution.

Some issues for further research include; the need todprawi interface for transferring
requirements provided in analog format into digital forrisTincludes an interface for on-
the-fly applications of requirements. The design preeeslynamic and therefore rules are
created, removed or changed frequently. For example wrslgrdeg a bathroom a designer
might decide to keep an item or a part of the bathrepate out of the line of sight from
another part of the design, for privacy issues. It shbeldossible to create, remove or adjust
such rules during the design process.

Some implementation issues for future work include; thednt merge external
solutions. ©BL DT allows the designer to merge work from differenluton paths
however it is conceivable that a merge from diffeidggign sessions saved in different files
would be desirable. A way of importing solution paths frother design sessions and
selectively merging items should be implemented.
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