3D SAMPHBRNGi ¢ and Optically Performative Textures Ren

3D J: 3D SAMPLING HAPTIC AND OPTICALLY
PERFORMATIVE TEXTURES REMIXED FROM 3D
SCANS

Sayjel V. PatelMassachusetts Institute of TechnologyT-SUTD CollaborationCambridge, USA
Caitlin T. Mueller, Massachusetts Institute of Technolp@gpartment of Architecturé&Cambridge USA

ABSTRACT

3D Samplings presented as new method for comprehensive rearrangementangbositionof 3D scan data, allowing mulsicale
manipulation of surfactexturing and subsequent fabrication anévaluation using 3D printingdnalogous to sampibased music,
3D Sampling contributes new frameworks, tools, and compositional strategtas dagital remixing hacking, and appropriatiraf
material qualitis, performances, and behaviours directly from physical samples to produce new. dessgnstudies are presented
which demonstrat@DJ: a prototype 3Dmodellingtool for synthesizing haptic and optically performing textures from 3D-scan
generated souraeaterial which can be applied in the context of otherrBbdellingtechniques.
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1. INTRODUCTION

3D Samplingis part of a revolution in sensibilities in the field of desigodelling For the first time handheld 3D scanning
technologies, such as photogrammetry, enable anyone with apimast to digitally captureeal world objects as poktioud data.

In the near futureatreasure trove of 3D materials sampled from vealld objects and environmenisll be available to designers
Presently, the rules of computandellingsoftware precede and constrain the form of the objects generated. However, 3D scans allow
a designer to reverse this methodolaggking detailed djital replicas of physical objects the starting point for deffiigure 1) By
contributingmethodgo interjectand collide thecomplex or structural irregular geometries of 3D sadgleratelyinto playfield of

digital design 3D Sampling facilitates a nesolutionspacethat wouldotherwise be inconceivabtarough conventional optimized,
rule-based, parametric, or proceduradellingpracticesin contrast withapproaches taking inspiration from observed phenomena to
infer design strategies, such as #imicry and material computation (Oxman, 2009), 3D Sammilgyvs designers to appropriate,
hack, and remixhematerialbehaviouof macrescaletexturegeometry such as structural corrugation, water shedding, grip, acpustics
optics, and camouflage (Gage, 2013). This paper presents the conceptual framework and technological implementationiob3D Samp
demonstrated through case studies presenting designs for architectural surfaces textures.

Figurel: 3D Sampling overview.) Photographrock formation with convexsurface featureis) Detail, photogrammetric model generated using
AutoDesk 123dCatch(http://www.123dapp.com/catghi.) 3DJ: prototype design tool for textured synthesis from 3D saerpkesii.) 3D printed
texture sample

2. RELATED WORK

Akin to samplebased music, 3D Sampling combines existimdellingtools and methods with concepts and practices drawn from
external examples. This section describes: (1) How sampling providesrtbeptual inspiration faapplying3D scanners as design
generators(2) Recent work in 3Omeshsculptingand cut and pasiaterfaces (3) The technological opportunities and challenges
related to 3D scanning4) Research efforts ithe computer graphiceommunityexploringtexture synthesigechniquesand(5) The
functional and cultural significance of texture design in contemporary architectural practice.

2.1 Sampling

In music, sampling is the act of taking a portion of a sound or recording and reusing it to create original compositiem&00ajk
provides a comprehensive overview of the field of sarbpleed music; its motivations, compositional strategies, amrhi€ome
of the central manipulations applied by artists in this field, includiigital signal processing, convolution, algorithmic filtering,
looping, and mixing, serve as compelling metaphors for 3D Sampling. In architecture, 3D s¢@haih@013)gand textural sampling
(Gage et al., 2013) have garnered recent attention; however, hybrid applications, as proposed in this paper are scarce.
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2.2 Personal 3D Scanning

3D scanners are instruments that collect data about the geometry of physical obijpuatting lists of gegpatial coordinates called
point-clouds. Photogrammetry is one such 3D scanning technology that generates textured 3D meshes from photographs. Howeve
because of computational requirements, there is a significant time lag betaaaimg and model generatidn.contrast, lowcost,

reattime scanning can be achieved through depth camera techndaggctFusion applies this technology @ p a i3Bt 0
reconstructinsthroughthemotion ofKinectdevice(Azadi, et al.2011).Oneinherentdisadvantage of this technologytlie tradeoff

between the resolution of reconstructions #relimmediacy of thénteraction.As discussedh the literature (Boulassai et al., 2009;
Arachchige, Perera, 201%tuongHong, Laefer, 2011)p fast ad reliable method foreattime segmentation arabnvesion ofpoint

clouds intodiscrete3D surfaces for computenodellingremains in absentia

2.3Procedural Texture Generation

Imagebased texture synthesssa topicof continued interest in thfeeld of computer graphigsvhereby2D samples frorphotographic
imagescan beused tosynthesizeentire worlds(Efros and Freeman, 200T)exture synthesis algorithms have two primary goals: to
sample an existing textute generate an unlimited amountregw image data that perceived to be the same to humans, and to transfer
textures between objeciBexture synthesis works textractingpatches of an existing textuaad applying the samples donsistent

way. Theliterature provides a range of possit#ehnical approaches to 2D textural synthésghikhmin, 2001 Ruiters et al.201Q

Efros and Leung, 1999; Wei and Levoy, 2000;). Whyfgical applications otextural synthesisnicomputer graphicareguidedby
performancedriven criteria3D samping applies textural synthesis asewtechnique for design exploration

24 Virtual Clay

Evocative of traditional practices of physical ctapdelling virtual clay has garnered recent attentioarsaternative to conventional

3D modelling styles. Aaview of scholarly work reveaBD Sculpting(Dipen et al., 2013; Cit et al., 2013; Cingi and Oghan, 2012;
Madugalla et al., 2013ndCut and Pastenodelling(Sharf et. al, 2006; Schmidt and Singh, 2006; Bierman et al., 2002) as two inter
related applicédns of virtual clay.This body of work has leveraged a variety of rapid mesh editing techniques to produce innovative
new compositional operations férsion of discrete parts and the transfer of surface feaf8eramidt and Singh, 2006). Bringing
together the processes obncept visualization and final desigintual clay offers a way to quickly explore a large space of alternative
solutions by extending the functionality of existing 3D objects and simplifying user interaction and manual maniphlatf@idS

2006). When used in conjunction with virtual clay, 3D Samptioigtributes novelemixing operations which allow a designer extend
and exploit a new range possibilities beyond the mere surface of an input 3D objects.

25 Textures, Patterns,Behaviours

Architects have always relied on textures and ornamentation as a compelling way of resolving the cultural and pragreatentsqui

of building details (Figure 4afonsidering digital technologies and networks, steus of architectural taxe and ornament has
shifted in response to parametric tools, (e.g. Grasshopper or Maya); now designers can create highly complex and dymamic patt
predicated omelativelysimple rules. The emerging interest in texture and ornament is discussed/ektémshe literaturelousavi,

Kubo, 2010; Lynn, 2004; Picon, 2013, Gleingérachliotis 2009; Levi, 2008).

2.6 Research Question

The framework and tools presented here addsess of the major limitations inherent in currently available computeieling
approaches specifically, how to define the rules of a parametric system which produce a desired form or material behaviour. Without
a clear understanding of the rules from the onset, parametric and proceddsdling approaches inefficiently rehcacceptable
solutions requiring significant iteration through trial and er@emonstrating a new fieldf design and researdhquiry, this paper
exploresseveral broadly defined questions: What advantages does 3D Sampling offer as a technique for design exploration? What a
some possible applications? What is the relationship (if any) between the sampled aratédreabubsequenextures? How does one
evaluate or analyze resultédfhat arehe boundaries of such an approa®@ postulate that it is possible to 3D scan specific qualities

Figure2: Performative Textures: a) Macabres, Alham{saurcehttp://en.wikipedia.org/wiki/Alhambra#/media/File:Ceiling_in_Alhambra.JPG
user Liam 987) b) Haptitexture study, a range of surface textures were generated using time@&lingtool and CNC milled into a slab of Sapele
wood.
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3. METHODOLOGY

This section outlinethe details of 3D Sampling, novel technique for synthesizing textures with material qualities one or more 3D
scans as the foundation. The function and ratioofalee new3DJ 3D Sampling softwareol is elucidated

3.1 Overview

Figure3 outlines the six operations 3D Samplicantributes to traditional 3odelling Figure4 explainsconceptual framework of
3D Sampling. The key processes described are: 1. Scarthiegligitization of a physical sample. 2. Synthes@mixing a digital
sample using conventional (e.g. Rhirmmyd novel (3DJ) digitaihodelling 3. Printing- physical materialization of a digital sample,
and 4. Analysis evaluating the behavim or performance of a physical or digital sample. The framework also tracks the format of
information as it translatesadiums throughout the sampling process: 1. physical samplesical objects; pointloud samples
nonthierarchical lists of coordinates, and 3D mesh samgierarchical lists of coordinates
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Figure3: Summary of3DJoperations and functiohil) Sample’ a set of point cloud daté2) Cuti extracting a set of point cloud data) (3
Loopi repetition of geometric features, using a process of arraying3iBsdr pixel quilting 8.2) as described irEfros and Freeman, 20Q1)

(4) Mix textural blending, superposition, and juxtaposition. Techniques include superposition and averaging of gaiplieeér blending

using distributed averagirg pixel positiong4.2), transforms using image analogfeertzmanret. al, 2001)and 3D mapping of téures using
techniques suchsgrojective texture mapping (Segal et. al, 19@)Filteri including, mesh reduction through localized averaging of clusters
(5.1), mesh smoothing, coordinate transforms, particularly useful as a precursor to mapptmans8raf6) Analysisi evaluation and
identification of desirable features of a sample, either through empirical testing methods (6.1), or computational g@r2)ation

Renm
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1. SCAN

Identify samples from real world with desirable material features, qualities,
and characteristics, digitize using handheld 3D scanning. (123d Catch, Google Tango)
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2. SYNTHESIZE

Remix samples to synthesize and apply
new 3D) in conjunction with other tools.

sample

3D Mesh Sample Point Cloud Sample
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Select an appropriate fabrication technology and
material, output sample for empirical testing, or
as a final design.

: 3D Modeling

[ Digital Fabrication |
I

3D Mesh Sample

4. ANALYZE

Using qualitative or quantitative
analysis, evaluate the sample of
the sample at any step in the
process to evaluate the material
behaviour of the sample.

Physical Sample

Figure4. 3D Sampling network diagram: flows, processes and tools.
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3.2 Technical Framework and Implementation
This section describes the technical implementation of 3D sampling further.

3.2 3D Synthesis

3D Synthesis involves the processes of sampling, modifying, and rendigitgl samplesusing conventional and novel softnea
approaches. This section descril3&s), a custom DJ tool developed for manipulating 3D scan {mbanids in the course of this
research.

3.2.13DJ

Inspired by music sampling tools and meth@®I3J is a prototype computerodellingapplicationdeveloped by the authofsr 3D
Sampling (Figurs5 - 7). Written in Processing, the inputs and outputs of 3DJ are-plointls. 3DJ provides an interface and additional
features allowing designers to manipulate peolotuds in new ways. 3DJ recognizes pinactices, methods, and procedures of design
established in sampleased music, and organizes the experience of designing with 3D scans into six opeisiopte, cut, mix,
filter, analyze, and loop to produce new texture variatiofibe 3DJ interfacallows a user to crop regions from imported 3D scan
point-clouds or meshes (cut), and apply looping, mixing, or filtering operations to synthesize a neglopwirtiéture which can is
output as a PLYile. While more sophisticated textural synthesioatlgi t hms can be incorporated in
involves a simple mirroringral tiling of subsamples6 Mi x involgeda simplelinear blending algorithm to combine two or more
scang(figure8). Th e 06 Fi | teesionbof 3DJdnvolvels aperationgo apply global mathematical distortions across the textural
field, as well as mesh reduction algorithms; eithgplving a random reampling of the input point cloud within 3Das well as the

use ofthe bult-in mesh reduction functiom rhino prior tothe import of a sampleeing imported into 3DJ. While future versions of
3DJ could includeeattime mesh reconstruction; efforts to do so using within 3DJ stalled the tool, undermining interaction rate;
ultimately a Poisson srface reconstruction algorithemd the buikin Delaunay mesh triangulatiomere applied using Mesh Lab to
producesatisfactorymeshes for subsequent milling and 3D printing operatitvsile similar techniques coultde achievedy
employing a variety oéxisting software in concert, the aim of integrating these operations within a singlastolfacilitate greater
design exploratioifFigure 9 by allowing the user tactivelyintervene within the process of guided textural synthesis.

Figure5: Screenshobf 3DJinterface: i.) 3D view port, ii.) 2D interface, here a usepsof a subsample fronthe inpuBD scardata, iii) customizable
buttons for user manipulatiotgggles a looping operatiomnathematical filterspoint cloud reductiomndcoordinate mappingy) 3D view selectoif
top, bottom, left, right, axo southwestsoutheast, northwest, northeast.
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Figure6: Loopingoperation applied to sekamplecropped from a 3D scan.

Figure 7: Coordinate transformations ¢ukwise startingrom top left) x-y-z texture, cylindrical coordinate system, polar coordinates, spherical
coordinates.



