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I.

Vision

Yale West Campus presents both an unprecedented opportunity and a logistical challenge to create and sustain
interdisciplinary engagement and cross-domain collaboration to enhance teaching, research, and dissemination
in the digital age. With deeper consultation among a broad array of faculty, the ultimate outcome for Yale will
be the flourishing of innovative cross-disciplinary and large-scale research in the Arts and scientific research
about the Arts, which are currently inhibited by separate constrained facilities with limited points of interaction.
The fabric of the envisioned interaction is based on the extraordinary collections of Yale University that,
released from constraints of time and place through digital surrogacy, offer vast potential for the creation of
new knowledge.
The Arts and the Sciences share a need for infrastructure to manage and use data for visualizations, modeling,
and technical analysis. It is important to recognize that digital initiatives throughout the academic community
have moved from a focus on enabling technologies and processes (digitization) to the current and potential
research and learning applications of the data that is being generated by the kind of multi-faceted facility that
the Digital Core will be for Yale. However, these applications are dependent upon data management
infrastructure that is currently unavailable at Yale. A key point of significant intersection for the current West
Campus science institutes, future arts institutes, and the Central Campus is this need for data management for
research and learning purposes. This unresolved concern has been raised in the subcommittee as well as
reported by Associate Provost O’Connor in his overview to the subcommittee on the science institutes of West
Campus.
Thus the vision for West Campus Digital Core is driven by teaching and research that is newly enabled by the
space for human interaction and technological innovation and newly enlivened by dynamic access to Yale’s
collections as digital resources. This vision can only be built on a well-supported infrastructure. The challenges
will be to properly organize and staff the Digital Core as well as to set priorities.
The West Campus Digital Core is one of the key organizations of the University that will support the
transformative vision for West Campus. In partnership with other Core facilities, it will support, inform, and
learn from the teaching and research activities conducted by the Institutes on West Campus.

II.

Objectives of the West Campus Digital Core
•
•
•
•
•
•

Objective 1: Create a digital service unit that is transformative and service-oriented and offers excellent
infrastructure for faculty and staff in digital creation, conversion, and curation.
Objective 2: In partnership with the Conservation Core, support the activities of the technical analysis
laboratory and the Institute for the Preservation of Cultural Heritage.
Objective 3: Provide supporting digital content management infrastructure (tools, hardware, and
software) for Computing and the Arts and other academic and research programs at Yale.
Objective 4: Create and support a physical space that promotes convening of digital practitioners to
engage one another in knowledge sharing, exploration, and innovation.
Objective 5: Support a process to understand evolving faculty needs for digital tools and innovative
/transformative uses of digital content.
Objective 6: Support the development of a data curation core service.
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III.

Methodology

The West Campus Digital Core sub-committee was appointed and charged by the Deputy Provost for the Arts,
Barbara Shailor, for the Arts Area Advisory Committee in February 2010 to “create a vision for an intellectual
and creative community that engages the arts, science, and technology communities and services both on the
Central and West Campuses, and to develop ways to enhance the teaching, research, and dissemination of the
knowledge goals of the University.” The 16 member subcommittee was asked to review and revise the founding
documentation that the Office of Digital Assets and Infrastructure (ODAI) had developed for West Campus in
November 2008 and May 2009, to articulate University-wide objectives with respect to both the arts and
sciences, develop resource and adjacency requirements, and determine the relationship and potential impact of
related efforts on the Central Campus. The full charge is attached as Appendix B.
The sub-committee identified the need to develop a broader context than had been considered in the earlier
planning documents. Two teams were created. One team reviewed the existing documents and the second
team looked at refining a vision statement and developing teaching and learning “use cases” 1 from which to
develop overall requirements for the West Campus Digital Core. Nearly twenty use cases were gathered by the
team and then grouped into a matrix to show where the common overlaps occurred in the use cases. Sample
use cases are included in Appendix C.
This report revises and updates all previous digital core facility planning documents. In addition, it begins to
uncover a more future-oriented vision for a digital core facility that is developed according to teaching and
research goals that create, use, and manage digital content in new and innovative ways.

IV.

Recommendation

The West Campus Digital Core will have two interrelated, inter-dependent, and reciprocal core activities. The
Digital Core will have the specialized software/hardware tools and platforms for comprehensive end-to-end
digital asset curation from creation to preservation which will satisfy the professional workbench needs of
managers and stewards of collections. The high quality service infrastructure of the Digital Core will serve as a
catalyst for spontaneous professional collaboration, the identification of commonalities, and exploration of
emerging intersections that build on Yale’s unique strengths in its deep collections and Arts programs, all within
a consolidated and unconstrained vision that promotes innovation.

1

A use case usually is developed as a brief narrative that depicts a set of interactions that are required in order to meet a
specific goal. Ideally, the use case captures who does what and for what purpose.
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MODEL FOR DIGITAL CORE INTERACTIONS (SEE APPENDIX E)

Innovation and Excellence of Service
The recommendation to create and support a comprehensive digitization and media conversion facility for Yale
collections at West Campus encompasses both shared and specialized services for capture, cataloguing,
processing, quality control, interpretation, dissemination and access, as well as preservation of educational
assets. The operations of the Core must support source material in a wide variety of formats including bound
volumes, manuscripts, cultural objects, natural history specimens, datasets, scientific models and simulations,
audio, video, film, and multi-media productions. Necessary resources include professional studio space as well
as an integrated set of production tools to help manage processes and automate metadata generation. The
development of a collaborative facility also offers a unique opportunity to build a community of cross-domain
staff with expert training, enabling shared investments in deep capacity and therefore spreading costs across
multiple organizational units. It is envisioned that some of these staff (perhaps also with collaboration from
external consultants from time to time) will be dedicated full-time staff of the Digital Core and will be able to
offer consulting services, project management, and comprehensive knowledge of digital best practices while
serving as a focal point for advice and assistance on a wide range of issues related to digital projects, i.e. a
“mobile digitization SWAT Team” for Yale’s West Campus. Shared production activities will facilitate crosscollection integration by removing existing organizational structures that can hinder staff working in museums,
libraries and archives from gaining a more complete and hands-on understanding of collections and processes
with which they are not familiar.
The West Campus Digital Core will not duplicate Central Campus capacity except where it increases inadequate
capacity. Rather, the hardware and software at the Core will complement overall digital services at Yale. Each of
the campus cultural heritage organizations have studios in place that facilitate the necessary daily operations of
their institution (be this documentation, research, or publication driven). The advantage of a
collective/common shared space at West Campus is to share equipment for which each unit would have only
occasional need and which therefore would not typically be justifiable from the standpoint of budgetary
prioritization compared to more frequently used equipment. In addition, a larger collective studio space could
be reserved for projects that cannot presently be accommodated in existing studios either due to the size of the
material, or because it is impractical to disrupt current production schedules.

3

West Campus Digital Core - Version 6

For print material the focus should be on capabilities for the digitization of rare and semi-rare items on a
spectrum of quality levels ranging from the highest "preservation quality", through a "mass digitization" all the
way down to baseline quality of “readable”. High priority material includes endangered pamphlets and books
that are too fragile for commercial processing, manuscripts and archival collections on a medium to large scale,
and large-format bound or flat material such as atlases, posters, and architectural drawings. In addition to the
digitization of text materials, there is a corollary need to develop more robust metadata, text encoding and OCR
capabilities (including software and staff support) that extend the range of language recognition and include the
processing of handwritten originals. The major advantages to a West Campus facility over external vendors will
be security, convenience, local expertise in handling fragile texts and appropriate metadata production, trust,
familiarity with Yale material, and good relationships with source repositories across the campus.
The infrastructure to digitize three-dimensional museum objects will be further developed in Phase 2 and will
include a 3D/CAT imaging machine, a 3D printer for accurate representation of Yale digital assets and associated
research, and an environmental scanning electron microscope (ESEM) for non-destructive imaging of smaller
objects in a low vacuum without the need for freeze-drying.
The conversion and migration of obsolete media formats require specialized facilities such as a clean room for
media inspection; preparation and temporary storage; duplication and encoding equipment for processing
legacy formats; customizable cleaning machines for source tapes; workstations for digital editing, sound mixing,
restoration, and color grading; and possibly a robotic duplication system for mass re-encoding of legacy
magnetic material. In the case of analog media, digitization can greatly extend the life of the originals by
offering an alternative form of access.
The creation of a state-of-the-art digitization facility on West Campus offers the potential for Yale to be
recognized as a leader in collaborative curation of museum, library, and archival materials. Yale is currently
presented with an extraordinary opportunity to tackle the problem of diverse data content and data models,
both for its own constituents and also for collecting institutions more generally, in a new environment that
proactively sets out to harmonize cataloging and access through the development of community standards.
Building a cross-domain facility, focused on the creation, dissemination, and preservation of Yale's diverse
collections is a rare opportunity for these fields to acknowledge their commonalities.
A centralized facility with clear best practices and standards relating to metadata, digital capture, and file
formats for research and teaching collections – physically connected to centralized imaging and digital
production studios with similarly defined best practices – will pave a path for greater innovation. If Yale were to
master this full range of technical production details and become a leader in promoting and advancing digital
production, the University could then aggressively pursue the creative use, re-use, and pedagogical life of media
when it is in the hands of teachers and students.
The capacity to analyze and collectively experience will be developed. Equipment and space capable of
rendering three dimensional (3D) visualization through computer simulation and projection will be an important
part of the teaching and research uses of 3D computer graphics, 3D modeling.
The subcommittee reviewed the current organization of scientific institutes and cores on West Campus in order
to identify areas in which the digital core facility could interface with the sciences. The most obvious examples
of interactions would be in the areas of high-throughput digital data, such as data generated in massive
quantities by the genomics core facility, as well as in 3D visualization and modeling. In these instances, data
storage and backup along with data curation strategies represent common areas of interest and expertise
between the digital core facility and the scientific activities on West Campus. Such inter-relationships provide
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opportunities for economies of scale and expertise in terms of data storage and curation, and need not be
limited to genomics data (Other opportunities include text and image archiving e.g., for Peabody Museum
specimens and artifacts, and digital images from the Center for High-throughput Biology.). Additional possible
areas of overlapping interest or technologies include the use of display walls for data presentation, immersion
caves (e.g., for systems biology applications), studies of image matching and querying (e.g., pathology images)
and equipment and methods for dating artifacts. Overall, the committee believes that the most robust
interactions between the sciences and the digital core facility are likely to arise more organically as both efforts
come into their own in proximity on the West Campus.

V.

Planning a Phased Approach

In order to meet the objectives of the West Campus Digital Core, the development of the facility is planned in
three phases.
Phase 1 is supported by a collaboration among six campus units: YUAG, YCBA, YPM, YUL, Beinecke, and ODAI. It
consists of a baseline framework that can be immediately implemented and upon which future phases will build.
Phase 1 will begin with space renovations to accommodate three robotic book scanners and large object and 3D
imaging equipment. The actual production work and digitization activities will be undertaken by the individual
units. The coordination, scheduling, and communication will be managed by the Digital Core Assistant hired by
ODAI. The existing Digital Asset Management system and the existing Isilon storage environments will be
integrated with the production studio. As of the writing of this report (June 2010), the three robotic scanners are
in full-time operation, with two at West Campus and the third “traveling” scanner on location at the Medical
Library to complete a history of medicine digitization project funded by the Sloan Foundation. A working group
called the “Kirtas Leadership Team” meets monthly to address problems, exchange information, and update
statistics that are being gathered about usage. The scanners were donated to Yale by Kirtas at the request of
ODAI after the completion of the Microsoft funded mass scanning project and the first-year maintenance was
paid from the ODAI budget.
Phase 2 is the development of the Digital Core into a fully staffed and equipped facility that is a major center for
collaborative engagement and innovation. This phase will require funding resources to increase staffing and
hardware/software capacity to support the service infrastructure needs of the schools and departments and to
support two to three use cases developed by faculty, including the capacity to research, create, and experience
virtualized three-dimensional objects and sound. This phase will see the development of facilities and resources
that support the clusters of activities identified by the matrix of use cases gathered by this sub-committee (App.
C), and include fabrication/rapid prototyping, cluster computing, interactive environments, and asset
management. The facilities to support conversion from obsolete audio-video media formats to digital
renderings will be created. Increased production capacity for the digitization of selected museum and library
collections will be based on strategic priorities to provide enhanced access to collections of natural and cultural
objects through unmediated access to their digital surrogates. This includes support for digitization, cataloging,
and the curation (see Appendix D) and preservation of digital assets.
Project management capacity and a SWAT team approach will be developed in Phase 2. The SWAT is a mobile
digital informatics unit, funded and hired as a small team of experts drawn from specialist staff at Yale with skills
in digital photography, scanning, informatics, and digital best practices, who can transport themselves to the
location of collections/assets to provide guidance and aid for specific digitization efforts.
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The space required to incubate innovation will also be developed in the phase.
Phase 3 will support the production, management, and innovative uses of digital content for multiple institutes,
including for cultural preservation and technical analysis. Although Phase 3 will require some additional
infrastructure to support experimentation, the primary focus of the phase is to engage with communities of
faculty and staff to consider and develop support for as yet undeveloped modes of inquiry using digital content
and digital tools.

Phase 2
Excellent
Services

Phase 3
Institutes

Phase 1
Framework

VI.

Space Plan and Adjacencies
A. Relationship to Science Institutes
The subcommittee noted that the Yale Science Institutes and Core Facilities on West Campus share with the
Digital Core a need for data management and curation infrastructure. The list of “Nascent Ideas for
Interactions with the WC Digitization Core” was presented as follows: 2
• Digital data storage and curation
• HPC and genomics core, text archives, Peabody collections
• Opportunities for economies of scale and curation expertise
• Development of higher-throughput capacities
• Immersion cave
• Precedent for use in systems biology
• Display wall
• Emerging imaging technologies in Cell Biology Core
• Image matching, image querying (e.g., pathology images)
• Equipment for dating artifacts
• “Digital lounge” concept: we are only going to be able to identify and develop areas of overlap by
continuing interactions as the science and arts activities at WC ramp up

B. Conservation Core

2

West Campus Update: March 2010 Digitization Core Subcommittee Mtg Tim O’Connor and Mark Francis
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There are several areas of shared need between the Conservation and Digital Cores. Both Cores will have staff,
space, and equipment that will support the activities of the analytical laboratory. Potential areas for
consolidation include the following from report of the Conservation Core:
•
•
•

Research at the PM exploring the preservation of color in bird feathers and butterflies would utilize the
analytical laboratory and the digital core facilities in an interdisciplinary approach for visualization and
dissemination of the results. 3
Facilities for documentation and imaging such as digital, 3-D imaging, x-ray, infrared and ultraviolet
photography. Lead-lined rooms for x-ray units and a dark room for film processing. An x-ray unit with the
ability to penetrate various materials and corrosion products, say up to 320kV 4
Small-scale woodworking and preparator’s studio for the fabrication of elements of conservation
treatments, manufacturing of protective enclosures, mounts, specialized packing and crating.). 5

C. Use and Location of Space
The location and design of the Digital Core should anticipate all 3 phases of this plan and consider four primary
factors: space and design for convening; adjacency to the conservation core; central, secure location in
proximity to stored collections; and flexible/reconfigurable production space(s).
A total of 11,990 and 21,685 sq. ft. have been identified for phases 1 and 2, respectively. Phase 3 is less defined
but we assume if will require growth of up the 25% of the first two phases for a total of 42,094 sq. ft. For
convening, the West Campus Digital Core will require a space that promotes community interaction and
development through informal, collaborative, and creative work and social interaction. The space should have
access to natural light, allow for food and beverage services, contain movable/modular furniture on the
“learning commons” model, and several small meeting rooms. It should be located centrally and in proximity to
the Conservation Core facility. The space should contain viewing, listening, and communication tools and
spaces.
Ideally, digitization facilities for works of art should be located adjacent to or in close proximity to collection
storage areas, thereby minimizing risk and streamlining transport. While the traditional conceptualization of
storage in and of itself limits access to collections, West Campus offers an opportunity to establish art storage
facilities alongside areas suitable for the study, conservation/technical analysis, and digital documentation of
original works of art – complementary suites of facilities dedicated to providing preservation and access to our
collections, both physically and virtually.
The Digital Core’s production areas should be designed to be as flexible as possible, so that the spaces can be
populated, re-configured and transformed according to projects, demands, and changes in technology and
equipment over the short and long-term. The spaces should be designed to provide a solid platform for the
growth and transformation of the Digital Core through all phases. Initial capital costs to renovate space for the
Digital Core production facilities must take into account installation of appropriate infrastructure to support
equipment with specialized requirements, both identified and to be identified. In addition, a contingency should
be established to anticipate the installation, support and operation of equipment with unusual needs (for
3

Report on the West Campus Shared Conservation Facility Arts Area Advisory Committee Subcommittee on Conservation,
May 10, 2010. pp. 9
4
Ibid pp. 14
5
Ibid pp. 14
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example, above-average power draw or special ventilation); integration consultation at the outset of renovation
of the spaces(s) is recommended; an estimated 25% above budgeted equipment costs should be reserved for
this purpose. The network/telecommunications and electrical infrastructure must be as comprehensive as
possible to support changing equipment configurations.
In planning the space, consideration for growth should be factored into the plan from the very beginning.
Environmental Controls:
o Climate controlled, including all loading, storage, staging and processing areas
o If the renovation of spaces happens in stages, construction areas must be sealed to eliminate
potential damage to materials and equipment
o Lighting and power requirements
o Very high level of security
o Minimal vibration
o Secure and climatized transport of museum and library materials
Network, telecommunications and electrical requirements:
o Substantial electrical and network infrastructure, to include the following:
 conduit and plenum throughout for cables and wiring, including raised flooring and/or
overhead channel with drops
 cabling and hardware to support Gigabit Ethernet network connectivity
 electrical and technology access points (outlets, Ethernet ports) every 5 feet or as
determined to support maximum flexibility to configure and reconfigure equipment
placement over time
 Wi-Fi support 100 mbps or greater
o Voltage regulation and power conditioning
o Power outlets on separate circuits, including a number of dedicated circuits for high-draw or
sensitive equipment
Desired adjacencies:
o Conservation and preservation center
o Data center for networking and servers
o Loading dock
o Nearby study areas and a conservation and technical art history studio (faculty research)
o Collection storage space
Overall considerations:
o Phased implementation
o Flexible space, adaptable over 10 years of occupancy
o Coherently managed to build upon the dynamics of shared spaces and expertise
o Contiguous efforts, coordinating overlapping needs and services

VII.

Resource requirements
A. Phase 1

The first phase of a shared digital core facility will be implemented in the summer of 2010 through a partnership
agreement among the museums, libraries, and ODAI. YUAG, YCBA, YUL-Beinecke, YPM, and ODAI have agreed
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to support the costs of one staff position for three years (West Campus Digital Core assistant) and the operating
budget of a Phase 1 implementation of a Digital Core at West Campus. ODAI will provide administrative
oversight and management as well as planning and implementation coordination with facilities.
The investment will enable this partnership of ODAI/YUAG/YCBA/YUL-Beinecke/YPM to create a first phase
Digital Core with capital funding from the West Campus development budget (per Mark Francis and M.
Donoghue) in order to expend funds for space renovations and the purchase of an initial set of equipment (see
Appendix A).
The actual production work and digitization activities will be undertaken by the individual units, with the
expectation that additional, permanent production staff will be deferred until new sources of funding can be
identified. The coordination, scheduling, and communication will be managed by the Digital Core Phase 1
assistant hired by ODAI.
We anticipate hiring a term assistant position and commencing physical renovation in July 2010. Additional
equipment will be purchased from the West Campus budget and installed during FY11, with the maintenance
contracts starting in FY12. The three Kirtas robotic book scanners will be relocated to the renovated space from
the current YPM room, with one scanner on loan to the Medical Library through 2012 to complete a grant
funded digitization project.
Phase 1 facility requirements include:
1. 2D digitization space
2. Large-object and 3D digital capture space
3. Project staging and acclimatization work areas
4. Staff office/planning space
5. Delivery and transport of library and museum objects
1. The 2D digitization space will provide secure space for staff and equipment: a color flatbed scanner will
allow scanning of a variety of flat oversize materials; three Kirtas robotic book scanners will enable the
mass digitization of bound material; an open book scanning set up – with camera, copy stand/cradle,
and vacuum table – will be available for bound materials larger than the Kirtas scanners can handle
(oversized ledgers, foldouts in bound materials, etc).
2. The Large-object and 3D digital capture space will enable small to large scale 2D and 3D imaging. Color
correction activity (comparing digital image with original object) will be accommodated in this area as
well as workstations to run cameras and lighting. The space could be planned with sliding partition walls
to divide a large open space for specific purposes with the flexibility to change over time. Methods to
control light bleed between the large digitization spaces to allow concurrent imaging sessions will be
necessary. In laser scanning, any motion in the subject or in the scanner itself will distort the collected
data. Therefore, both the subject and the scanner must be mounted on stable platforms to minimize
vibration. Equipment will include: single shot and scan back digital cameras and copy stand/s with
lighting; a wall easel set up for oversized materials, color correction equipment, and lighting for a variety
of situations; strobe for single shot, constant stable lighting for scan back camera; UV lighting for use
with single shot camera; and photographic cove with portable pre-fabricated modular units that provide
a curved surface with a seamless background. A ceiling height of at least 25’ is required for very large
object scanning.
3. The Project staging and acclimatization work areas will be for the preparation and processing of
physical media. An initial four project work areas have been proposed, one each for YUL, YCBA, YUAG,
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and YPM, which will be adjacent to digitization and media production equipment (for project staff to
work with physical materials in process) and will require workstations, work tables, office set up, and
secure storage cabinets. Secure space will be required with climate controlled storage for incoming and
outgoing materials including large objects and media. Security requirements must meet Lowers &
Associates approval. Requirements include storage racks; temperature and humidity for short term
storage/acclimatization = 55 degrees, with 40%-50% RH for film based materials; temperature and
humidity for short terms storage/acclimatization = 70 degrees, with 50% humidity for paper based
materials and art objects; equipment for materials to be vacuum cleaned before short term storage (as
at LSF).
4. The staff office space will accommodate up to seven cross-domain staff. These staff will be identified in
Phase 2 as part of the SWAT team approach. In Phase 1, the office area will host one
supervisor/assistant who will provide training and scheduling, and vendor management services. The
space will accommodate staff on project assignments with access to workstations and software,
including an integrated set of production tools, servers, and workstations for managing digitization
processes with project management tracking software. ODAI will provide: the initial server, digital asset
management and storage capacity.
5. Delivery area and transport are shared needs and require reasonable proximity to loading docks and
specialized transport vehicles.

Phase 1 Space and Equipment Summary (cost estimates for purchase price only) (detail in Appendix A)
Function
Digitization of flat and bound objects
Imaging of physical objects

Square footage
estimates
2000
4540

Equipment
cost (000)
235
389

4400

6

1050
0
11,990 sq ft

65.6
NA
$695.6K

4 Project Work Areas (for staff from other units working
on site) and storage for in-process materials (500 sq. ft.)
and storage (2400)
Staff Offices (for growth to 7 FTE) (150 sq. ft)
Delivery area
TOTAL

Phase 1 Staffing
1 WC Digital Core Assistant, phase 1 (to be completed Summer 2010)

B. Phase 2
In Phase 2, the Digital Core will be developed to support use cases gathered by the subcommittee and
associated with the planned Yale Institute for the Preservation of Cultural Heritage. It will engage a broad
population of Yale faculty, staff, and students across multiple departments, schools, and physical facilities.
Specifically, Phase 2 will support the Computing and the Arts undergraduate major and graduate and faculty
research with a focus on advanced computational methods for the development and use of three-dimensional
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representations of physical artifacts and sound. Phase 2 will include the further build-out of the large object and
3D digitization capacity as well as specialized viewing and listening environments.
Phase 2 will increase the professional workbench capacity to include fabrication and rapid prototyping facilities,
services associated with audio/video media transfer for access and preservation, and will significantly develop
more innovative uses of technology and support for the analysis of digital content. This innovation is dependent
upon the availability of collaborative spaces to convene faculty, students, and staff to engage in creative
exchanges and cross-disciplinary projects; a planned space for convening small and large informal groups is a
critical part of Phase 2.
Staffing requirements will ramp-up in Phase 2 to support the specialized production, scanning, metadata, and
data management infrastructure. These resources fill gaps in capacity for Central Campus and are therefore new
expenses. Space will also be created for post-doctoral projects.
Phase 2 facility requirements include:
1. Space to convene
2. Office and workstation environments for full-time, dedicated staff.
3. Fabrication and rapid prototyping
4. Enhancements to the large-object and 3D Digital capture space
5. Digitization of legacy audio/video objects
6. Rooms and space for sound mixing/anechoic chamber
7. Viewing and listening immersive environments for 3D simulation and interaction
8. Cluster computing capacity
1. Space to Convene
Convening is an important activity for the staff of West Campus institutes and core facilities, as well as for
Central Campus entities to promote interdisciplinary engagement and encourage serendipitous discovery.
Convening will likely be frequent and persistent and, to the extent that there are others in the world
thinking about similar issues as have been proposed among the use cases, will underlie most if not all
development efforts. Convening will help fashion development priorities for Phase 3 implementation and
will leverage related work elsewhere
2. Office and workstation environments for full-time, dedicated staff
A fully staffed Phase 2 Digital Core will include a total of 17 FTE (one position in Phase 1 and an additional 16
in Phase 2) , including specialist technical staff, post-doc researchers, programming and systems
administration, and a managerial and maintenance infrastructure.
3. Fabrication and rapid prototyping
The Fabrication facility will house state of the art large scale fabrication equipment as well as rapid
prototyping facilities capable of supporting the academic research and production needs of the arts area of
the University. This facility would operate as the main fabrication facility for museums which would allow
them to produce full scale mockups and installations for exhibitions. For various Professional Schools this
facility would serve to augment and expand the scale and capabilities of existing facilities that exist on
Central Campus such as those found at the School of Architecture, School of Drama, School of Art, including
those used by Graphic Design and Sculpture, as well as the Computing and the Arts program and the Digital
Media Center for the Arts (DMCA). This facility would allow research and projects being explored on campus

11

West Campus Digital Core - Version 6

to expand in both complexity and scope on West Campus. It should be noted that this capacity should be
reconciled with plans for similar capacity both by individual units and by the Conservation Core.
4. Enhancements to the Phase 1 large-object and 3D digital capture space
5. Digitization of legacy audio/video objects.
Throughout campus there are audio and video resources that are on deteriorating media and/or on media
formats that have become obsolete and difficult to access. Facilities for the duplication and encoding of
these legacy formats (audio and video) include capacity for media recovery and digitization for the migration
of data to new formats. Equipment requirements include professional grade videotape-to-digital transfer
equipment, professional grade film-to-digital transfer equipment, source decks for a variety of film formats,
workstations for digital editing and color grading, time based correction machines, vectrascopes, and other
equipment necessary to produce individual alignment to maximize quality of digital representations.
Facilities are needed to digitize content from a variety of audio media, including reel-to-reel tapes, cylinder
recordings, LPs, 78s, DVDs, cassette tapes, and early CD formats containing oral histories, music, and
speeches. Particularly with reel-to-reel tapes, time-intensive processes are required to digitize and save
them. Other requirements include a clean room for media inspection, cleaning, and restoration; film
inspection and rewind benches (multiple project use); and sound mixing capabilities for production that
merge various media, including new recordings.
6. Rooms and space for sound mixing/Anechoic chamber
An anechoic chamber offers the possibility to record sound without the effects of the environment. This
allows simulation of the sound as if it were emitted in different spaces – for example: how performances
would sound in different theaters, how music would sound in different sacred spaces. This is critical for
producing accurate sound in multimedia virtual simulations.

Also known as a dead room, a room designed to be
echo-free so that it can be used in acoustic
laboratories to measure sound reflection and
transmission, and to test audio equipment. The
walls, floors, and ceiling must be insulated and all
surfaces covered with an absorbent material such
as rubber, often over inward-pointing pyramid
shapes to reduce reflection. An anechoic chamber
is usually asymmetrical to reduce standing
waves.
6

7. Viewing and listening immersive environments for 3D simulation and interaction
6

http://www.encyclopedia.com/doc/1O142-anechoicchamber.html
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A true 3D shape representation allows quantitative analysis such as point to point distance measurements
on the object, the ability to compute the volume of an object and taking cross-section measurements. A
faithful 3D shape representation can be obtained with a variety of different scanning devices, with the most
appropriate depending on the size, topology, and material of the object. Scanning devices may depend on
reflected light only (such as laser triangulation and time of flight scanners) or may depend on transmitted
light (such as CAT scanners similar to those used in medical applications). The 3D shape, coupled with the
light scattering properties of the material allow the object to be placed in novel virtual environments for the
accurate study of questions of how objects or structures were viewed and used in the past. It should be
noted that renderings in virtual environments can be put into QTVR and/or Silverlight forms for subsequent
communication of the results of a study. Three-dimensional representations of sites and objects may be
built in CAD systems based on historic documents and photographs. These representations are compatible
with and are often used with 3D representations obtained with scanning devices. CAD system built
representations are generally less accurate and less detailed than scanned representations. They are of
limited utility for many applications that scanned objects are used for – for example in planning physical
restorations. 7
Plans include a Virtual Reality Theater, High Resolution Display Wall, and a Stereo Wall. 8
8. Support hardware/software
Cluster computing, mass storage, digital asset management.

Phase 2 Space and Equipment Summary (cost estimates for purchase price only) (detail in Appendix A)
Function

Square
footage
estimates

Large open area for informal convening, consultation, information exchange

Equipmen
t cost
(000)
10

Offices/workstations, 4 project areas, and 10 additional staff offices

2000
2750

54

Repair/Maintenance room
Fabrication/Rapid Prototyping Tier 2 facility (tier 1 on central campus)

200
7290

1670

Enhancement of 2D & 3D (3D/CAT scanning and digital imaging of physical
objects).

3000

1,185

Digitization of legacy audio/video formats, sound mixing, clean room. Mixing
rooms.
Anechoic Chamber
Immersive theatre, music performance, wall, tabletop and multi-person touch
screen displays
Cluster computing/mass storage/asset mgmt
TOTALS

3420

135

1200
1825

50
1,210

NA
21,685 sq. ft

700
$4,314K

Phase 2 Staffing:
1 Director for Digital Core
7

“A Proposal for a Core Facility for Three Dimensional Digital Documentation, Study and
Communication of Natural and Cultural Heritage.” (Draft) Julie Dorsey and Holly Rushmeier, March 17, 2010
8
See the Indiana University Advanced Visualization Laboratory (AVL) facilitieshttp://www.avl.iu.edu/?facilities
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2 post-docs
2 BS/MS level programmers
1 FTE 3D production specialist
2 Project managers
1 Metadata specialist
4 production/post-production staff
1 A/V transfer specialist
2 FTE support staff
1 Systems Admin
These 17 positions represent what is required to optimally staff the Digital Core at the completion of Phase 2. It
is assumed that Phase 2 will develop over the course of 3 to 5 years, dependent upon funding sources. In
addition to these positions, the subcommittee recommended the creation of a small team of experts at Yale
with skills in digital photography, scanning, informatics, and digital best practices, who allocate a percentage of
their time and can transport themselves to the location of collections/assets to provide guidance and aid for
specific digitization efforts – a "roving digital SWAT team." This SWAT team would ensure knowledge exchange
and optimize considerable existing expertise at Yale.

C. Phase 3
A key component of this phase will be a series of workshops organized to consider critical issues in computing
and cultural heritage and critical issues in digital technologies and the arts. These workshops would bring
together researchers from across Yale and from around the world to discuss education and research
opportunities in these areas. Funding for the workshops would be sought from NSF, IMLS, and the NEH, among
others. Setting agendas with a broad base of participants from other institutions is essential to preparing future
grant proposals to these agencies and will sustain the work performed in the digital core. In the area of cultural
heritage, the workshops provide a forum to gain more information about cultural heritage funding in Europe,
where government support is stronger in this sector. In digital technologies and the arts, it would also be a good
forum for inviting representatives of industries where the arts and computer science are both core technologies
essential for growth -- e.g., industrial design, computer user interface design, computer games (both recreational and "serious” games, film, and advertising). The workshops will establish Yale’s leadership in these areas.
“The future is not something we enter. The future is something we create." Leonard I. Sweet
Phase 3 is essentially Yale's calculated assessment that the future of the arts and humanities will be conditioned
by information technology and not just in ways that use technology to facilitate modes of management and
inquiry that we already understand today. It is also the University’s expression of forward-looking interest and
engagement with the arts and humanities that is central to Yale's mission.
Building on the innovation implied or expected in Phases 1 and 2, Phase 3 extends the notion of innovation from
supporting change within existing models of collection management, research, and education to participation in
imaging and creating the future of these activities. There is naturally – as is implied in the term “calculated
assessment” – a certain amount of risk involved in deliberately pushing innovation forward, even within the
strong supporting incubation framework that will have been put into place with the facilities, staff and activities
of Phases 1 and 2. Consequently the process of Phase 3 might best be described as a foundation that will evolve
into an Institute that would manage that risk and return thoughtful direction to the Digital Core, helping Yale
begin to understand what Phases 1 and 2 might look like were this work being done five years from now.
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The Institute’s primary purpose will be to facilitate discussion and knowledge transfer among Yale faculty and
staff as well as leaders in the larger communities of shared interest. These communities may well be those that
have formed around data standards and professional practices, those that are forming around newly critical
activities like data curation and those that might be formed with specific Yale projects and activities at their
core. Central to all of the convening and publishing of the Institute would be the questions of what are we
creating and for what purpose, who gets to participate, what policies govern access and other activities. The
importance of convening for the sake of setting direction at Yale and for the various art and humanities fields
may turn out to be among the most significant long-term contributions to be made by the work at West
Campus.
One concrete example of Institute events may be extrapolated from the Dura Europos use case. In addition
to its internal goals, Dura Europos suggests at least three areas of activity that are also important change
agents for the field at large, independent of interest in Dura Europos: the focus of mutually beneficial
planning with researchers elsewhere. These are:
1.

A virtual research space for Dura Europos.
There are closely related efforts in the Virtual Research Environment (VRE) prototypes that are currently
being funded primarily as UK and EU initiatives. There are two similarly related Mellon-funded projects:
(1) ResearchSpace, which is just getting underway and is focused on the infrastructure needs of
research in conservation and conservation science, and (2)Bamboo, a more ambitious project just past
its planning phase that is looking more generally at the cyber infrastructure required for research and
publication in American universities. Related to these research spaces and Dura Europos is work on a
suite of archaeological field tools currently underway in Australia.

2.

A virtual models for re-envisioning Dura Europos.
There exist other closely related efforts based on archaeological remains, some of which were begun a
decade ago and have significant experience to contribute. Among these are efforts to create more
accurate reconstructions of Roman urban environments based on topography and extant remains
(King’s College, London) to create the means for managing all of the two- and three-dimensional
documents and artifacts in such virtual models (essentially making the visual model the database
interface) at the University of Virginia; and to use such models as basis and venue for classroom
teaching at UCLA.

3-D re-creation of Dura-Europos site depicting location of artifacts. (Rushmeier and Dorsey)

3.

A means for back-end management of content and scholarship.
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Every excavation and collection faces the monumental task – analog or digital – of managing extensive
volumes of excavation records, digitization of and provision of access to masses of data that exists as
text, images, GPS, analytical data streams, etc. There are particular institutions with extensive
experience as well as extensive needs in this area that would make particularly good collaborators (e.g.,
the University of Pennsylvania Museum of Archaeology and Anthropology).
The details and requirements of this phase will be developed in the future, and yet will certainly have space
requirements. A large flexible footprint with appropriate infrastructure (power, network, climate, security, etc.)
would be appropriate to designate for future uses developed through new collaborations.
4.

VIII.

Development of best practices 9
Yale University could provide much needed leadership in the cultural and natural heritage community by
developing a forum for a broad discussion about best practices in three-dimensional digital
representations. The use of scanned three-dimensional digital representations in the study of heritage
has become wide spread. Literally thousands of projects around the world seek to obtain some form of
3D cultural heritage artifacts. Even though these projects show the promise of 3D in cultural heritage,
many problems remain:
o There is no standard for “digital provenance” – the relationship between the physical and digital
objects. There are errors in any data measurement, including the raw measurements used to
create a 3D representation, and further approximations are introduced in subsequent
processing. These need to be documented for future users to understand the reliability of the
model.
o There is no standardized representation of 3D for archiving. This is a problem we particularly ran
into with ARTstor that has no facility for digital 3D object (they have only the capability of
showing QTVR representations.)
o The usual 3D representations available – point clouds or triangle meshes – are essentially
unmanageable for any analysis. While cities are being scanned (at much lower resolution
obviously that individual objects), little can be done with the data that is in the form of hundreds
of millions or billions of points. Methods are still needed to reduce the data to manageable and
meaningful forms. Both simpler representations of geometry and scattering are needed, with
the addition of semantic information.
o Even when reduced to more manageable form, little has been done to create the tools needed
by conservationists and historians to make use of the representations. Using the 3D models
usually requires a technical specialist to mediate between the conservation or historical expert
and the 3D data.

Organizational Structure

The subcommittee discussed the governance of Digital Core and agreed that subsequent phases of the Digital
Core would build on the governance structure of Phase 1. In the discussion about governance, the
subcommittee cited the need for continuity in management, the assurance that the full range of digital capacity
needs be considered equally across University entities, and the need for agility and responsiveness to change.

9

“A Proposal for a Core Facility for Three Dimensional Digital Documentation, Study and
Communication of Natural and Cultural Heritage.” (Draft) Julie Dorsey and Holly Rushmeier, March 17, 2010
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With funding for Phase 2, the recommendation from the subcommittee is, to create and appoint a new position
of Director of the West Campus Digital Core, reporting to the Director of ODAI for administrative purposes,
including budgetary and human resource management. The WCDC Director would work with two 5-person
advisory committees governing the programmatic development of the Digital Core. One committee would
consist of technology oriented staff from the various programs and schools to include representation from
DMCA, ITS-AM&T, and other service units. The other committee would consist of 5 senior faculty members in
the Arts who would make funding decisions for special projects drawn from a central pool of innovation funds.
These funds would be distributed in such a way as to ensure that all voices be represented through various
project proposals which would require cross-domain, interdisciplinary, and multi-level participation in order to
be considered. This committee would ensure that innovation is supported so as to inform the development of
digital services.
The WCDC director would sit on both committees and would receive annual feedback from each committees as
well as the Director of ODAI.

IX.

Relationship to and potential impact of related efforts on the
Central Campus

The model in Appendix E illustrates the relationship of the Digital Core to the Arts and to the services that
support the digitization of Yale’s extensive cultural and natural heritage collections. In the Digital Core model,
the museum and libraries share specialized equipment rather than purchasing it on their own, thereby
optimizing the investment. The Digital Core on West Campus will both complement Central Campus capacity
and provide much needed data management infrastructure. Existing resources need to be leveraged to avoid
duplication of effort and, indeed, failure of this initiative.
An assessment of the relationship between the Digital Core and the DMCA has been suggested but not yet
completed.

X.

Budget
Phase 1
start-up

STAFF
Operating Costs
Cap. Equip. and Software
TOTALS

annual

Phase 2
start-up

Phase 3

annual

start-up

annual

Totals
start-up

annual

72,600

2,118,600 NA

NA

0

2,191,200

65,600 130,180

371,600 2,349,600 NA

NA

437,200

2,479,780

NA

NA

5,825,000

0

689,600 202,780 5,572,600 4,468,200 NA

NA

624,000

5,201,000

$ 6,262,200

Renovation

TBD

TBD

TBD

Overhead

TBD

TBD

TBD

Square Footage

11,990

21,685

8,419
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The estimated budget for the creation and ongoing support of the Digital Core is summarized above. The Phase
1 annual budget will be covered under an agreement among ODAI, YPM, YUL, Beinecke, YUAG, and YCBA while
funding for initial equipment will come from the West Campus budget. Phase 2 will require additional one-time
start-up costs estimated at $5.6 million and adds annual costs of $4.5 million (this includes replacement costs for
phase 1). The total one-time start-up cost for the 3 phases is $6.3 million and annual costs are $4.7 million.
Funding sources have not been identified beyond Phase 1 and will require additional planning. Corporate
partnerships and sponsors should be considered to support some of the specialized capacity that is not readily
available in this region of the country. There are several former recording companies (Telarc especially) and one
current company (Naxos) that have expressed very preliminary interest in supporting the work of digitization in
exchange for distribution rights of important and rare audio material. Although it is not clear at this point
whether this will provide significant financial support, it is worth pursuing since at the minimum it would
disseminate the works that are newly digitized and will raise the value of the material. Naxos has had an
excellent working relationship with the School of Music in the past and has participated in a number of
recording projects at Yale.
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Appendix A– Detailed Space and Equipment List
Phase 1
PURPOSE

Representative
Manufacturer(s)
and cost est.

Environmental & Support
Requirements

Square
footage
est.

Digitization of flat and bound objects
Scanner to digitize oversized material (posters, maps,
architectural plans, and other material greater than
30x40”)

3 Robotic book scanner system for content-centric
scanning of bound material, including OCR

Vertical: Kartoscan FB
VLS; Horizontal:
Indus PlanScan or
Cruse Synchron 285
SL; ($150K)
Kirtas (in place)

Reprographic copy stand to digitize small to large 2D
objects as well as bound works, foldouts or other;
30x40 or 40x60, motorized column; specialized
cradle(s) for bound material; vacuum table option.

TTI; ($30K)

Digital camera for reprographic stand; consider
single shot, multishot or scan back device; include
multiple lenses.

PhaseOne, Sinar,
Hasselblad,
BetterLight, Nikon
D50 IR; ($35K)

Lighting for reprographic stand - consider strobe or
continuous light sources (HID, other).

Broncolor; ($20K)

Climate and Temperature
controlled; relative humidity
controlled; particulate air
filtration
Support and maintenance
contract

Extended warrantee and
maintenance contract

2000

Purpose: Small to large scale imaging: 3D scanning and 2D digital imaging of physical objects, including
technical/conservation imaging
1. Mid size shape scanner:

ShapeGrabber or
Steinbichler Comet:
($150K)

2.Large object/ Site scanning

Riegl or Leica time of
flight scanner:
($150K)

Digital Camera(s): Consider single shot, multishot and
scan back; multiple lenses; depending on initial
camera choice additional unit for IR work may be
required
Stands for cameras and lighting; stand or easel for
object(s): stands should be configurable and movable
as well as able to be firmly locked or set in place
Photographic Cove: modular units & space for set up
Shooting table(s): surfaces that will support a large

PhaseOne, Sinar,
Hasselblad,
BetterLight, Nikon
D50 IR; $35K
FOBA ($15K)

Pro Cyc; $12K
FOBA, Kaidan, or

19

minimize vibration.
40x60 = 2400 sq ft

Ceiling height important
3 areas, each 20x24 = 1440 sq ft

~4540
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range of object sizes and weights.

custom $5K

Motorized object turntable or rig for 3-D objects
Motorized turntable should have the capacity to sync
with camera/software for 3-D capture
Lighting for 2D and 3D setups above: lamp heads
(various form factors), filters, softboxes, power units.

FOBA, Kaidan, Ortery,
or custom. $2K
Broncolor $20K

Clean power source; ideally
dedicated circuits for power
packs

Purpose – Digitization staff work areas
4 Project Work Areas (PWA) For preparation and
processing of physical media, project specific staff
adjacent to digitization and media production
equipment (for project staff to work with physical
materials in process); workstations, work tables,
office set up; secure cabinets

Climate and Temperature
controlled; relative humidity
controlled; particulate air
filtration
4 PWAs @ 500 sq ft each =
2000

Purpose: STAGING AND SHORT TERM STORAGE FOR IN PROCESS MATERIALS (Acclimatization area)
Secure climate controlled storage areas for incoming
and outgoing materials including large objects; media
10
storage racks ; vacuum cleaned before short term
storing, as at LSF

Temp and humidity for short
term storage/acclimatization =
55 degrees, with 40%-50% RH;
***fine art – 70 degrees, 50
RH****

60x40 =
2400

Purpose – Staff/administrative/post-production offices
Staff Offices/workstations begin with 1 assistant but
space will be developed for visiting staff and planned
expansion to 7 FTE:

Climate controlled office space;
secure 7 x 150 sq. ft
1050

Purpose: DELIVERY AREA and TRANSPORT
Loading dock

existing but security and climate

in place

Detailed Space and Equipment List (Continued)

Phase 2
PURPOSE

Representative
Manufacturer(s)
and cost est.

Environmental &
Support Requirements

Square
footage
est.

Purpose – Convening
Large open area for informal convening, consultation,
information exchange

2000

Purpose – Software and development environments
4 additional project work areas

600.
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Workstations, software and development
environments;

Climate controlled office
space; secure 2x150

750

Climate controlled office
space; secure 7x200
Work tables

1400
200

Purpose – Researcher and Staff Offices
Post-docs, production and support staff for a total
of 14 workstations
Tech Room for equipment repair and maintenance

Purpose – Fabrication and Rapid Prototyping (note that this may duplicate Conservation Core requirements)
Fabrication – 3D cutting
Dual 5-Axis Robot mills on tracks
5 Axis Gantry CNC Mill
3 or 4 Axis Machining Center
3 Axis Gantry Mill

Kuka Robotics
Titan
Haas
Precix
= $890K

3,176

Fabrication: 2D Cutting
Industrial Laser
Waterjet 2 Axis
CNC Plasma Cutter

TRUMPF/Kern lasers
Flow Inc
Torchmate
$3,215K

Rapid Prototyping
Laser Cutters
3D Printer
3D Printer

614
16x16=256 printer plus 500
sq ft processing area = ~700
sq ft

Universal Laser
Systems
Dimension Elite
Z-Corp 650

700
$225K

Standard Wood and Metal Shop for processing of
materials and basic fabrication/assembly
Standard Wood Shop
Table Saw, Panel Saw, 2 Band Saws, Jointer, Surface
Planer, Disk Sanders, Belt Sanders, Drum Sander
Metal Shop
Knee Mill, Lathe, Welding Tables and Welders, Metal
Brake/Shears

$40K

2800

Purpose: 3D scanning and digital imaging of physical objects
High throughput, moderate accuracy, systems for
simple (matte surfaced) midsized ( a few cms to half
meter on a side) objects (e.g. pieces of pottery or
ceramics, possibly large sets to be reassembled
Micro-CT and standard CT for detailed full volumetric
shape scanning of small to large objects
High accuracy mid size shape scanner with precise
spectral samples;
Fast hyperspectral camera (based on experimental
design used in current project with Rick Prum)
Spheron high dynamic range 360 camera $50k

$30K

$500K

Arius 3D ($500K)
$75K

3000

$50K
Customized flexible lighting system (like
photographers studio);
Additional professional grade cameras and video
cameras;

$50K
$30K
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Purpose: Digitization of legacy audio/video formats
Source decks for legacy video and film formats

Includes equipment,
work tables, and
computer
workstations attached
to equipment

Climate and Temperature
controlled; relative humidity
controlled; particulate air
filtration

Analog to digital transfer equipment: multiple source
formats to digital
Duplication of magnetic materials (videotape to LTO)

60’x30’ =
1800

Purpose: Sound/mixing rooms
Six soundproof and acoustically treated rooms 10X12
for audio digitization with computer, mixing console,
office storage, all digital format capabilities, speakers,
and headphones. In addition, all of the rooms should
have analog equipment, i.e. cassette and reel-to-reel
tape and at least one of the following older pieces of
equipment for shared use: wax drums, records (33
1/3, 45, 78), wire recording playback equipment.

Cost of each room
-- $60,000

Climate controlled office
space; secure; soundproof
and acoustically treated
rooms
6 rooms 10x12 =
720

Purpose: Clean room for media inspection, cleaning and restoration
media inspection, film benches, film cleaning and
restoration equipment, etc.

Negative air flow; dust
control; quality lighting

30’x30’=
900

Purpose: room with walls that absorb as much sound as possible to simulate sound in multiple environments
Anechoic chamber
$50K wild guess

52' x 23' x 12'
1200

Purpose: Viewing environments for 3D simulation and interaction
Projection Immersive theater

11

Music performance space
12
Multi-Screen Display/Projection
Tabletop and Multi-person Touch Screen Displays

$1,000K

Classroom scale 25 x 25 =
625
750 sq ft

$50K
$10K
$150K

3 stations x 150 sq ft

100TB @$5000/TB

Add to ITS

existing

Part of the HPC
environment?

existing

1825

Digital Storage/Informatics Infrastructure
Add to Isilon Storage

Purpose: Cluster computing for modeling/data analysis
Real-time Rendering/ Digital Modeling/
Transcoding/Computer Clusters

2 cluster @$100k each

11

http://www.mechdyne.com/press/2007/PR-111907-VRAC-Theatre.htm

12

http://www.scalabledisplay.com/products
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Appendix B - Charge to Sub-Committee
Charge to Sub-Committee on the West Campus Digital Core
Revised 11 February 2010

The Charge to the Subcommittee on the Digital Core is to create a vision for an intellectual and
creative community that engages the arts, science, and technology communities and services both
on the Central and West Campuses, and to develop ways to enhance the teaching, research, and
dissemination of the knowledge goals of the University. The Subcommittee will:
1

Review and revise the founding documentation that ODAI developed for West Campus documentation that should articulate the broad University-wide context for this facility, with respect
to both the arts and sciences.

2

Consider how the resources of the West Campus can best be utilized to fulfill the goals and
objectives of the revised document.

3

Determine process workflow, how the core facility will be organized and staffed, how it will use
space, and how it will provide support and innovation for the adjacent conservation and
preservation activities both now and in the future, and how it will develop research activities in
conjunction with Computing and the Arts and other arts-related programs (e.g., DMCA).

4

Itemize all the expenses, both personnel and equipment, necessary to staff a transformational vision
for digitization and media conversion initiatives at Yale; sustainable budget models will also be
created.

5

Determine how to maximize the adjacencies of the digital core facility with all of the other activities
and programs on the West Campus.

6

Determine the relationship and potential impact of related efforts on the Central Campus.
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Appendix C – Sample Use Cases
Peabody Use Case 1: Vertebrate Locomotion
As part of the renovation of the Peabody’s fossil halls, a number of iconic dinosaur specimens,
including the skeletons of Apatosaurus and Stegosaurus , will be disassembled and removed for
conservation and remounting. This represents a one-time opportunity for digital capture of the
specimens through non-contact laser surface scanning of the individual bones. While the principal
purpose of the scanning is to aid remounting the specimens in postures that better reflect our
current understanding of the animals’ anatomy, digital capture of the skeletons opens up a vast
range of possibilities for further research and outreach. One such project involves modeling the
locomotion of dinosaurs. The data captured from the bones can be used to test hypotheses of
speed, gait, and posture against the real-life mechanics and physical tolerances of the skeleton,
enabling researchers to bring these animals to life in a virtual environment. Data captured can be
stored in an on-line database and made available to researchers worldwide for viewing and
manipulation with embedded software and file formats that can be downloaded for use in different
image analysis and animation applications. The fossil hall renovations will be the subject of
intense public interest and the West Campus facility has the potential to allow members of the
public to directly engage with the project. Moreover, the tools developed for modeling dinosaur
locomotion are applicable to other vertebrates for which skeletal material is available. The most
notable example would be early hominids and other primates, which, like the Brontosaurus and
Stegosaurus , are highlighted in the adjacent Hall of Human Origins at the Peabody and carry the
same level of scholarly research potential and public interest.

Activities
1 Disassemble, conserve, remount specimens
2 Database construction
3 Laser surface scanning
4 Editing of raw scan data
5 Data analysis and reconstruction
6 Research and collaborative website

1

2

3

4

5

Physical Layout/Conservation

2D Digitization of Materials

3D Digitization of Materials

Digital Modeling/Cluster Computing

Digital Storage/Informatics Infrastructure

Facilities/Resources

IMAGE: peabody1.jpg; VP.001980

X
X

X
X
X
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YUAG Use Case Matrix: Institute for Exploration of Dura-Europos and Gerasa
Excavations and Culture
The Dura-Europos and Gerasa Excavations are a unique collection perhaps best known for its important
finds from the Yale University excavations in the 1930s at Dura-Europos in Syria, and Gerasa in Jordan.
Paintings and sculpture from Dura’s Jewish, Christian, and pagan houses of worship and the more than
7,500 artifacts of daily life found by the archaeologists present a vivid picture of life in an ancient Roman
city, while the mosaics from Gerasa represent the best of early Byzantine church mosaic production in
Jordan.
The two excavations include a vast resource of objects, sculpture, coins, archeological material while
involving multiple host countries and international involvement. A primary goal would be to provide a
virtual consolidation of the archive, bringing together digital surrogates of objects, excavation notes,
period photography into a single multi-lingual repository would provide a single source for resource and
teaching.
Teaching involvement can include history, art. architecture, religion, , and anthropology and site
reconstruction in 3D. Preservation techniques from across the world could be shared while
conservationists explore methods to preserve objects from the site.
As a central point for the digital surrogates and research, colleagues from around the world would be
encouraged to collaborate on maintaining the database, sharing techniques, working papers.
The Dura and Gerasa projects would equally benefit from the Mobile Digital & Informatics Unit; a separate
team of experts with skills in digital photography, scanning, informatics, and digital best practices, who
can transport themselves to the location of collections/assets to provide guidance and aid for specific

Activities
1 Database construction
2 Real-time Walkthrough of Performance and Space
3 3D Modeling of Designs
4 3-D modeling & imaging of works of art
5 Global Interactive communication
6
7
8
9

X
X

X
X
X

X
X
X
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5

Web/audio conferencing

4

Internet2 networking

3

Full Scale Fabrication

2
Digital Modeling/Cluster Computing

Digital Storage

Facilities/Resources

1

X

6

7

8

9

10
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Use Case Matrix: YCBA 3-D Modeling & Imaging
The Yale Center for British Art holds over two hundred pieces of sculpture from the medieval to the
contemporary. In recent years study of British sculpture has seen an encouraging revival with significant
new research and innovative online projects being undertaken to advance our understanding. The Yale
Center would like to develop a trial project to consider how the digital technology can impact sculpture
studies. Whereas ‘flat’ works of art such as paintings, prints and drawings can be digitized relatively
straightforwardly, it is much harder to preserve the integrity of a three dimensional object with a digital
surrogate. 3D images and models of sculptural objects, as well reflectance transformation images, are
ways in which digital technology might overcome this problem enhance research in sculpture. Since so
much sculpture exists in multiple copies—many of the YCBA’s portrait busts, for instance—3D modeling
could allow exact comparison between particular related objects which cannot be done by photographs,
or even with the naked eye when two pieces are seen side by side. Moreover, since sculpture is
inherently fragile and hard to transport without risk, it is highly desirable to develop 3D models for study
that will allow us to create exact surrogates in less fragile media without risk to the original object.
Existing technologies impose limitations on the size and type of sculpture that can be modeled
successfully, limitations which effectively rule out the majority of the Yale Center’s collection. The Center
would therefore like to work with Holly Rushmeier, Professor of Computer Science, to develop
technology that will permit the 3D modeling of key objects in the collection. Such a project would benefit
from the storage at West Campus being adjacent to the Digital Core Facility to allow sculpture to be
transferred temporarily from the YCBA to West Campus and to ensure a minimum of traveling between

Activities
1 3-D modeling & imaging of works of art
2 Convening
3 Collaborative online research/publishing space
4
5

X

X
X
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Secure loading dock facilities

7

Art storage w/ appropriate security, access control, HVAC

6

Digital Storage

5
Participation in symantec web developments for research (staff su

4

Convening support: recording, catering,..

3

Lecture hall with seminar and break-out rooms

2

Funding source for innovative imaging equipment renewal

Conservation Science lab/equipement/staff
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Research Data Task Force Report
Executive Summary
The core mission of Yale University is to create, disseminate, and preserve knowledge. Over the past 40 years,
technology has played an increasing role in this process. The ways in which technology is used across disciplines
are as diverse as the subject matter to which it is applied. And while technology has offered many benefits to
scholars it has also come at a cost in terms of time spent and level of commitment required from faculty and
support structures of the University to leverage technology in the academic enterprise. In order to better
understand the challenges posed by the massive accumulation of research outputs and the demands of managing
and sharing digital content, this report provides an overview of current practices at Yale University, drawn from
interviews with 34 faculty members, with a focus on the associated benefits and risks.
The mission of the Office of Digital Assets and Infrastructure (ODAI) is to draw upon the extensive faculty and staff
resources of the campus to accelerate the development of Yale’s digital content infrastructure into a world-class
resource that ensures Yale's digital assets will be discoverable, accessible, and usable for teaching and research
both now and in the future. ODAI’s mandate includes goals to define and develop foundational tools, systems and
platforms based on open, interoperable architecture that will meet the digital content management needs of
faculty, staff, and future learners, and to create the means to identify and protect Yale digital assets. The digital
outputs of research activity at Yale are key assets that fall under ODAI’s mandate. The 2009 Working Group of
ODAI reinforced this mandate when it identified as a priority the need to support efforts in managing the life cycle
of digital assets produced during the research and teaching activities at Yale, particularly those that are not
included in the formal collections of the museums, galleries, and libraries. ODAI sponsored the Research Data
Task Force (RDTF) and appointed selected staff from ITS, Library, and ODAI to develop a project to jointly research
and define faculty requirements and essential components of a coherent technical infrastructure, service
definitions, and a comprehensive policy layer to support the life-cycle management of research data. This effort
is strategically aligned with other digital infrastructure initiatives in ODAI including the development of an
enterprise digital asset management system and planning for digital preservation services supported by a secure
storage environment.
In order to understand the current state, breadth, and diversity of technologies used in research, the RDTF
13
conducted interviews with 34 faculty drawn from a range of departments and professional schools from July to
September 2009. (The interviewees have appointments in Yale Faculty of Arts and Sciences, Yale School of
Nursing, Yale School of Medicine, Yale Forestry and Environmental Studies, and the Yale School of Management).
The primary goal of the interviews was to determine the role and impact of technology during different stages of
14
the research life cycle. Of the thirty-four interviews, ten were in the social sciences, twenty-one in the sciences,
and three in the humanities. The interview was designed to collect information directly from faculty about their
data related processes and their perceived gaps in technology (hardware, software, and network), services, and
policies that support the research enterprise throughout the data life cycle. In order to collect this information, a
broad range of questions were asked to elicit descriptions of any common issues and possible common approaches
or best practices that might be shared across disciplines, and alternatively, to determine if any research data
management practices were domain specific.

13

One faculty member declined an in-person interview, but provided feedback via email. One person interviewed was research
staff, not a faculty member.
14
A campus wide approach to data stewardship throughout the data life cycle requires using consistent terminologies. Digital
stewardship is the commitment made by the institution to appropriate long term retention and dissemination of digital assets,
with the technical infrastructure and services required to meet that stewardship promise. Data curation, or the proper
management of the data throughout its life cycle -- from creation to dissemination and archiving -- is necessary in order for the
data to be accessible and useful over time. Guidance and tools are needed to help researchers manage, publish and share their
data outputs, but to date those services are not organized in a coherent manner and are not widely available. Data
preservation, the proper management of data for long term persistent access, should be offered to those data that are
designated as requiring an institutional commitment to stewardship.
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Five specific aspects of the life cycle of research data were addressed in the interviews (see Appendix One for the
text of the questionnaire):
1.

Data sharing: What mechanisms are in place to allow data sharing within the research group, within the
institution, and with others outside the institution?

2.

Data management: How do researchers collect and manage collections of data during the research life
cycle?

3.

Long term persistent access and preservation: What are the life span of research data and what policies
and/or strategies are in place to access and preserve data not currently in use?

4.

Data ownership: What policies and practices are in place either locally or institutionally regarding
propriety of data?

5.

Technical infrastructure: What is the current state of existing facilities and how do these impact faculty
research?

Although efforts were made to conduct interviews with faculty researchers across disciplines, far more research
would be required to capture results that are representative of the entire research universe at Yale University.
However, the results of the interviews provide invaluable and valid evidence of the experience of faculty and
illustrate the challenges and opportunities in regard to research outputs and provide much-needed evidence to
support further actions. In all cases, faculty were eager to share their experiences, which provided a very rich
picture illustrating both the diverse range of technologies at play, as well as the challenges faced by researchers
attempting to adapt technology into their ongoing research.
The over-riding message taken from these interviews is clear. It is critical that the University develop strategies to
address the complex issues surrounding the research data life cycle and the stewardship of research outputs. As
the volume of data produced, stored, shared, and repurposed over time increases exponentially and the costs of
managing, documenting, and preserving those outputs increases in parallel, the University needs to understand
and evaluate the incentives, costs, and mandates behind digital stewardship. This report proposes a set of
strategies to move forward in efforts to meet requirements and fill gaps identified through the interviews and
other information gathering efforts at Yale and beyond. Next steps will be to vet these recommendations and
move toward developing business case/s and scope statement/s with priorities. As each of these
recommendations are prioritized for implementation by the Office of the Provost (and the ODAI Advisory
Committee), ODAI will develop project proposals with resource requirements.

Conclusions and Strategies for Moving Forward
Yale University produces vast amounts of data during the course of research activities which represent significant
investments of time, funding, and intellectual activity. The installation of High Performance Computing Clusters
(HPC) is a significant resource investment for the University in data creation. Increasingly, major funding is
required to develop HPC data back-up solutions and improve support for general research data storage (see the
ITS Strategic Plan yale.edu/itsp). However, these major investments do not include provision for data curation
processes which bring practices of selection, organization, and retention policies that will optimize these
investments in hardware and software.
More importantly, the value in data resources is in the discovery and knowledge that are built from them. Data
15
“are only as useful as researchers’ ability to locate, integrate and access them.” Efforts need to be taken to
strategically build the research data curation infrastructure to ensure that the research is discoverable, available,
and usable for further research.

15

Howe, Doug Seung Yon Rhee et al (2008) “The Future of Biocuration.” Nature. 455/4:47.

29

West Campus Digital Core - Version 6
The fabric of science is changing, driven by a revolution in digital technologies….. These technologies
generate massive data sets that fuel progress. Technologies for high-speed, high-capacity networked connectivity have changed the nature of collaboration and have also expanded opportunities to participate in
science through instant access to rich information resources around the world. While these digital technol16
ogies are the engine of this revolution, digital data are the fuel. (p. 3)
As data sets grow to the terabyte scale, virtually every academic institution is facing pressures from increasing
volumes of data and increasing requirements for storage and network access. In response, some research
institutions are developing the administrative and technical infrastructure to support expanding multidisciplinary
17
research projects and to enable the integration of teaching and research. Research communities are developing
repositories that incorporate data management policies, standards, and tools to enable data to be more effectively
18
shared and reused. Nationally and globally, funding agencies and associations are developing policies and
19
guidelines to promote data sharing and stewardship.
As indicated by the findings of the interviews and other needs assessments undertaken at Yale and at other
academic institutions, we know that researchers are challenged by the demands of storing and managing data
across the digital life cycle, of producing data management and sharing plans that adhere to best practices, rights,
and policies, of describing their data in ways that make them identifiable and usable, and of determining best
formats and options for storing and sharing data securely over long periods of time. Loss of data, unmet mandates
from funding agencies to preserve data, and difficulties in securely sharing data with collaborators are challenges
faced across multiple academic disciplines.
With its investment in ODAI, Yale University has made an explicit commitment to building and sustaining shared
digital asset infrastructure. The existing curatorial models in the libraries and museums constitute a strong
foundation for building this shared infrastructure for the digital collections within these departments. However, it
is the informal collections of data that require the University to build curatorial practices from the ground up.
While both ITS and the University Library have some aspects of the service model needed to support the needs
that are outlined in this report, additional investment will be required to develop a coherent approach to curating
research data. ODAI has the resources to make a start on some of the recommendations in this report. Additional
resources will be required to meet a digital stewardship commitment to appropriate long term retention and
dissemination of digital assets, with the technical infrastructure and services required to meet that stewardship
promise. Data curation or the proper management of the data throughout its life cycle -- from creation to
dissemination and archiving -- is necessary in order for the data to be accessible and useful over time. Guidance
and tools are needed to help researchers manage, publish and share their data outputs, but to date those services
are not organized in a coherent manner and are not widely available. Data preservation, the proper management
of data for long term persistent access, should be offered to those data that are designated as requiring an
institutional commitment to stewardship. In this way, the University continues to fulfill its mission to create,
disseminate, and preserve knowledge when that knowledge is in digital form.
16

Harnessing the Power of digital data for science and society. Report of the Interagency Working Group on Digital Data to the
Committee on Science of the National Science and Technology Council. January 2009.
<www.nitrd.gov/about/harnessing_power_web.pdf>
17
See, for example, the announcement of the NSF award to Johns Hopkins for the Data Conservancy
<http://www.nsf.gov/awardsearch/showAward.do?AwardNumber=0830976> and
<http://releases.jhu.edu/2009/10/02/sheridan-libraries-awarded-20-million-grant/>. The Johns Hopkins University Sheridan
Libraries have been awarded $20 million from the National Science Foundation (NSF) to build a data research infrastructure for
the management of the ever-increasing amounts of digital information created for teaching and research.
18
For examples of domain repositories that implement policies and standards, see UniProt (http://www.uniprot.org/) and
Linguistic Data Consortium (http://www.ldc.upenn.edu/). For an example of a crowdsourcing approach to data management,
see Galaxy Zoo (http://www.galaxyzoo.org/) or the Sloan Digital Sky Survey (http://www.sdss.org/). In the social sciences, see
the Inter-university Consortium for Political and Social Research (ICPSR http://icpsr.umich.edu/)
19
See, for example, the NIH guidelines on genome-wide association studies (http://grants.nih.gov/grants/gwas/) and the
National Academy of Sciences report, Ensuring the Integrity, Accessibility, and Stewardship of Research Data in the Digital Age
(http://www.nap.edu/catalog/12615.html).
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Recommendations of the Task Force
1.

2.

3.

4.

5.
6.

Develop Digital Repository Services that would allow researchers to easily store and manage research
data outputs, to publish their datasets for online access at a stable web address and reference these
datasets from publications, and be integrated into services for the preservation of the data.
Carry out Domain Specific Data Assessments to investigate specific research centers, communities of
practice, and specific academic disciplines to determine their data management, data sharing, and data
curation requirements.
Develop Research Data Curation Services and Tools to support collaboration and data sharing among
researchers during the research process, and to promote publishing or archiving data and high-quality
metadata to discipline-specific data centers or knowledge-sharing databases, and/or to Yale’s own digital
preservation repository.
Establish a Digital Preservation Program for Research Data to reduce the risk that valuable digital assets
will be lost, and to establish a coherent, timely, and economically efficient program for persistent access
to Yale University’s digital research outputs.
Create a Consultation Center on Data Ownership, Intellectual Property, and Copyright to assist
researchers with the complexities of distributing, sharing, and publishing research outputs.
Address Inadequate Technical Infrastructure and Build Strategies into business plans for addressing gaps
in computing, storage, and networking.
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Appendix E – Model for Digital Core Interactions
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