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ABSTRACT

This paper seeks to explore the parametric relships guiding
the design of seating arrangements in concert,tsgiiscifically
relating to ergonomics, sight lines, means of egresd
placement of balconies, and their relation to thalew
considerations of the Time Delay Gap and Reverlmeratime.
The exploration uses computational parametric tquisnarily
the Grasshopper plug-in for Rhino3D, and Autodesk Inventor,
to graphically model, display and test these paterse
Interoperability between these two software platfr is,
therefore the primary area of study for this papsrwe seek to
marry the open-ended design capabilitiesSofisshopper with
the robust production tools of theventor suite. Research
focuses on the sharing of data through ghiowl add-on for
Grasshopper, to export parameter values Excel, which are
applied toiPart factory tables inlnventor, to generate the
various seat arrangement iterations. The optimoiza@and
specialization of both software platforms is a lgoal of this
research. Specifically, we are seeking to levethgeterative
and recursive parametric modeling capabilitie&cdsshopper,
to supplement the “piece-by-piece” logic biventor; while
Inventor will be used primarily to produce BIM (Building
Information Modeling), and presentation qualitywliregs.
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Fabrication, Workflow

1. CONTEXT

The integration of information based design toslsontinuing
to revolutionize the design disciplines, in parécy the fields
of architecture and industrial design Amongst the tools
developed, primarily within the engineering indystr
parametric software platforms and BIM are the most
widespread and influential. The parametric refera design
process based not on fixed metric quantities but on coasist
relationships between objects, allowing changesaisingle
element to propagate corresponding changes througtne
system” (Meredith, 4). BIM, on the other handersfto a data
model capable of capturing “domain-specific infotima about
entities ... that is constructed around building egitand their
relationships to one another [of which] geometrgridy one of
... these building entities” (Cheng, 491).

It is important to understand that traditionallyetifields of
architecture, engineering and construction eacle tlagir own
method of organizing information and hence theimowwols
and softwares. With the introduction of informatibased
modeling, it is possible for the designer to inéwhy aspect of
the design or construction process into one virtoaster
model, which accounts for every aspect of eachviddal part

of the building. Within the field of parametricdis themselves,
there have developed two primary vehicles: algorith
modelers, and constraint-based modelers. The iddgoc is

defined as “a method of generation, producing cempbrms

and structures based on simple component rules]” cdiren

relies on the use of complex computer scriptindsté®leredith,

ibid). A constraint-based modeler, on the other hagties

primarily on the application (often visual) of “démsions and
constraining geometries” upon predetermined 2D célest or
3D models, and these dimensions and constraintsthae
“parameters, or input points, that you [the desigimeengineer]
would then change to update or edit the [model]aivespack
and Tremblay, 1). To date, primarily constrainsé modelers
integrate with BIM, while algorithmic modelers areostly

reserved for form finding, and the formal integoatiof design
constraints. The goal of this paper is to exploesv design
methodologies and methods that unify these twaee)aand
yet disparate, design tools. The development otffective

and efficient workflow that moves between the aitgonic, the

constraint-based, and BIM is the primary purposthizf design
research.

2. AREA OF RESEARCH: DESIGN METHODS AND
METHODOLOGIES

For the purpose of this paper, we have seleGredshopper, “a
graphical algorithm editor tightly integrated wifiMicNeel]
Rhino’'s 3-D modeling tools”, developed by David Rutteh a
Robert McNeel & Associates (www.grashopper3d.caas)an
example of an algorithmic modeler, aAdtodesk Inventor as
an example of a constraint-based parametric and Btdeler.
Communication between these two platforms occurs
exclusively at the level ofMicrosoft Excel spreadsheets,
through the sharing of data within a common domaline
gHowl add-on forGrasshopper and thePart andiFactory tools
within Inventor are the specific tools of data input and output
for these two programsThe optimization and specialization of
both software platforms is a key goal of this resea
Specifically, we are seeking to leverage the itegatand
recursive parametric modeling capabilitiesGrfasshopper, to
supplement the “piece-by-piece” logic of Inventorhile
Inventor will be used primarily to produce BIM and
presentation quality drawings. The introductionEsée in to
the design workflow reduces the focus of desigrapeters to
quantifiable pieces of data, or mathematical retehips, and
exposes the designer directly to the underlying daddel that
drives his or her project.

Figure 1. Workflow Diagram: from Grasshopper to Excel to
Inventor



In general, the proposed workflow begins by esshiiig a
series of user-defined parameters in Grasshoptiarehrough
direct panel input, interactive dynamic sliders,catled from
direct manipulation of referenced Rhino geomeffarough the
application ofboth mathematical and geometrical means, the
parameters are processed and analyzed, which ¢emndte
parametric design, or space, as well as a newssefidriven
parametric dimensions. These combine with the gdesi
parameters to form the data model. A key diffeeetc note
exists between a “user-defined parameter” and avedr
parametric dimension”. A user-defined parametearstiutes
the input and first buildings blocks of the pararicetiesign
process, which determine the basic geometric [piesi
involved. A driven parametric dimension, on thaesthand,
comes about as a result of measurements and analysi
performed on the generative design. These drivarpeters
may drive further generative principles within theesign
process. Finally, and perhaps most importantlg, diesigner
must deal with the primary “design parameters”sthpieces of
data by which the designer camaluate the performance and
efficacy of his or her design.
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Figure2. Left: User Defined Parametersin Grasshopper;
Middle: Driven Parametric Dimensionsin Excel; Right: a base
Sketch in Inventor, showing the desired sight line

3. CASE STUDY

For our research, we have chosen to focus on treedric
relationships guiding the design of seating arramg@s in
concert halls. To expand further on the distinddionade above
(Sec. 2, Par. 2), it will be helpful to look at tfalowing case
study. In this case, the specifiser-defined parameters are
primarily ergonomic, and many come directly frone tiuilding
code. For example, in determining the placemenseaits to
achieve unobstructed sight lines of a particulaewing point”
(a design parameter), a typical eye-height from the floor (and
from the eyes to the top of the head), and a revetodistance
can be established by the designeser-defined parameters).
These parameters, using simple trigonometry anthragtic
series, can determine the ideal seat locationsmétltoordinate
system @riven parametric dimension). Although eye or head
heights and row widths are human dependent, andftie, in
a sense, not truly “user” defined, designing furtharameters
into the process will add layers of designer spatyf In this
case, the distance from the first seat to the vigwpoint
changes, and will alter the preferred seat rake Fég 3). Even
changes in seat type (with or with-out padding) and
manufacturer can alter the outcome.

While designers examine the problem of sight lipesarily in
section, they must design the layout of the rovesribelves in
plan. Seat width is of primary concern, and thestriceedom
occurs in the choice of a “setting out point”, be tcenter point
for the arcs of seats. This can be identical wlith viewing
point or anywhere in front or behind it. This wéffect the
depth or shallowness of the rows’ arcs. Here, henary
design parameters may be financial, as the owneistb pack
as many seats in the hall as possible, while maing

adequate site-lines. Similar considerations wilheeessary for
the placement and design of balconies, as welhagways and
paths of egress.

[
Figure 3. Sghtlinesin Grasshopper, updating parametrically,
as the depth of the first seat row decreases, increasing the rake

Most importantly, in the design of concert halld, &f these
design decisions will have an impact on the lardesign
parameters of Time Delay Gap and Reverberation Tiratare
essential in determining the quality of these spaésee
Beranek). The interplay between the design paemetf the
seating arrangement and of the acoustical perfarenaf the
hall quickly becomes a very complicated design |enob For
example, in a certain style of seating now poputagwn as
terrace-style seating, blocks of seating are plédoexighout the
hall and raised up slightly above the floor pland the seats in
front of them (Fig. 4). This provides a reflectiserface on the
front (and sides) of these terraces that can bectéfely
leveraged in the acoustical design of the hall. dOirse,
changing the height, pitch, or depth of the artheke terraces
will have wide-ranging effects on the seating deggrameters.
While traditional design methods might make detaing these
effects a tedious process, with parametric comjmunal tools,
they can be analyzed in real time, for both theoustical and
seating arrangement performance.



Figure 4. The Disney Concert Hall in Los Angeles, with its
terraced-style seating; designed by Gehry Partners and Nagata
Acoustics

Unfortunately, there are no current software platf capable
of effectively analyzing the complex nature of thisblem, and
interfacing with the design and production softwaually
capable of managing such a project. An algorithsatver,
such asGrasshopper, could analyze the problems, and even
provide graphical feedback, but to maintain thaapaability
over the course of an entire project would be qudtBous. A
BIM program on the other hand, such lasentor, would be
flexible enough to adapt to the various parametessjever, to
perform the actual analysis within the software lddoe quite
difficult, and likely require some supplemental smicoding.
This led to the development of our proposed woukflo
necessitated by the iterative and recursive naitithe seating
problem. Specifically, the placement of any indivl seat in
the layout requires prior knowledge of the locatairall other
seats in the plan that may obstruct that seat'sv.vitn the
typical “piece-by-piece” Inventor workflow, this wtd require
the tedious placement of each row in order. Ewenuse
parametridParts would require manually adding a new line to
theiFactory table for each row. I@rasshopper, however, we
reduced the relationship to a single equation dssgr the
placement of seats within a mathematical serieschwtirives
the generation of the seating geometries. We qafate the
number of rows, as well as all of the other paransetthrough
either numerical input, with a dynamic slider, @ee by direct
manipulation of Rhino geometry, and the geometrglaigs in
real time. The data model driving the updated getoyrcan be
exported to a properly formattétkcel spreadsheet and through
a simple copy and paste in to fiRart table, the entire series of
parts (or rows in this case) are generated; theglna@eed to
be placed in an assembly file. At this point, wegin to
leverage the great strength ofiventor, because the base
assembly file can be layered with any number oéitetfrom
actual seats, to material finishes, to the form stnacture (and
even structural framing) of the hall. Furthermose, can push
this data back out to Grasshopper, or any othéatsei program
for further analysis. This would be particularlgeful, for
example, in looking at the finishes, and the abbarpualities
of the various materials.

the Rhino environment

While similar effects could be achieved by usifgcel
spreadsheets alone (and propagating the mathehsites) to
driveiFactories, the geometric and graphical feedback provided
by Grasshopper makes this workflow much more fruitful in the
design process. Additionally, this workflow reqsrno special
knowledge of Excel, or VB.NET, scripting. The use of
Grasshopper becomes even more essential when the designer
must reference existing conditions, such as thar fidan, from

a DWG, or other architectural drawing. Only thrbuthe
Grasshopper workflow can the designer translate those
conditions into a data model accessibl&xael, and other tools
down the line.

4. CONCLUSIONS

Research will continue to focus on the exact plafceach tool
in the workflow, considering the possibility thabre than one
can likely do each task, and that one or the oty be more
properly suited to the task-at-hand. For examiplegur case
study, to parametrically model the section for aatisg

arrangement, the software must incorporate sormatiite or

recursive functions. Such capability typicallyslian the realm
of an algorithmic modeler. To solve the plan, e bther
hand, requires only trigonometric and geometricahlysis,

because seats are generally spaced at equal istateamg a
fixed path, a simple process for constraint-basedeters

In general, the proposed process fills two largpsge the
Grasshopper workflow, especially regards the difficulty in
extracting drawings fronGrasshopper to a level of detail that
might be required of shop or working drawings. tRer
investigations include the ability to translateefiferm NURBS
geometries modeled inRhino in to the Inventor BIM
environment, extending its formal capabilities. r Example,
one could write aGrasshopper script that takes a NURBS
surface and tessellates it in some controlled nmanten
exports the vertex points thxcel for import in to Inventor.
From these works points, the designer could modsdries of
panels ininventor to populate the surface. Finallpventor can
produce the shop drawings and BOM (Bill of Matesjal
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Figure 6. Part and Assembly filesin the Inventor parametric
environment

While constraint-based modelers, includimyentor, typically
have difficulty with NURBS geometry, this workflolypasses
this obstacle altogether by using an algorithmicdeter to
“translate” the geometry intmventor’s “native” language. By
reducing the NURBS geometry into a raw data mdaeéntor
can re-create the geometry based off work poirtsgs, and
axis defined entirely withihnventor. Other workflows require
that models pass through one or more conversiotveeba file
types, which inevitably leads to data loss and ugion, and
lack of accuracy in the final product. For exampie get
NURBS geometry out drhino in to Inventor would one might
save the nativ&hino .3DM file as an .OBJ or .3DS file, and
then import this intdnventor. Becausénventor has no native
support for NURBS these file types will have likagnverted
the geometry to a polygonal mesh model, which plesj at
best, a close approximation of the original desifven at this
point to turn this polygonal mesh into a satisfatyadaptable
parametric model will take a great amount of waakd may
require essentially starting from scratch with timeported
model as nothing more than a guideline.

With the workflow presented in this paper, howevtre
designer has complete control over the manner iictwthe
NURBS geometry translates into thénventor design
environment. Most importantly, this process addseatire

layer of sophistication into the design processt tthiaectly
relates to fabrication. For example, the way inclvta designer
chooses to tessellate a surface (and provide wornktsp for
Inventor) depends on the number of panel types, the framing
system (or the absence thereof), the method of exiom to
one another (and the frame), and any other numbeesign
parameters. Therefore, by solving an efficient watransfer a
design between the algorithmic and the constraaset
parametric environments, betwe&nasshopper and Inventor,
the designer must also grapple with design isselased to the
actual construction and completion of the projethe design
of a data model that allows for efficient parantetmodeling
and detailing innventor goes hand in hand with a design logic
that allows for efficient and economical fabricaticand
construction of the project, a boon for designers those that
employ them.
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Figure7. A drawi ng file produced by Inventor, including Bill
of Materials (BOM)
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