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The purpose of this research is to answer two scientific questions: (1) how to mathematically represent and
digitally model large, architectural, cultural heritage objects whose foundation and shape are changing over time;
(2) how to preserve the functional linguistics and overcome technological obsolescence of such digital data for

long term archiving, an essential concern for museums and curators worldwide.

Our test case for this research is the Cathedral of the Transfiguration, Kizhi Island, Karelia, Russia, a UNESCO
World Heritage Site: http://karelia.kizhi.ru/ (and) http://kizhi.karelia.ru/architecture/architec_en/1/e framesl.htm
The 1714 Cathedral of the Transfiguration is the cornerstone of the famous Kizhi architectural ensemble, a
collection of architectural monuments. The unique construction of this wooden log cathedral executed by peasant
craftsmen is considered the most significant example of Russian wooden church architecture. It is also an
endangered monument, because the foundation is sinking causing deformation of major structural members
eventually leading to collapse of the entire structure. Presently, it is being supported by an internal steel
scaffolding. In planning for the physical restoration of the cathedral, a multimedia, digital model is proposed

to record the current state of the structure and to verify the procedural steps of restoration.

(We are proposing significant research to develop multimedia methods, tools, and technologies that can manage
complex cultural heritage objects over time. Dynamic objects raise research questions about how to precisely
“fix” a view of an object in time -- an object that is constantly changing -- and how many different versions
are needed to preserve a meaningful sense of the object's evolution over time. Furthermore, the rapid
obsolescence of storage media, input and output devices, programming languages, software applications, and
standards present unique technical challenges for long-term digital preservation. Currently, this researcher is not
aware of any research in or out of Japan that proposes to answer the two scientific questions posed above

even though they are significant questions for cultural heritage stakeholders.
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[. The proposed research is a continuance of our work in digital modeling of cultural heritage wooden
monuments in Japan: Sazaedo, an 18" century Buddhist temple of the Aizu region recently declared an
[Important Cultural Property, and the Golden Hall of Enchiji, a Heian period Buddhist temple no longer extant.
Consequently, we received an invitation from the Director E. Averyanova of the Kizhi State Museum,
Petrozavodsk, Russia, to visit Kizhi Island to discuss collaboration in the restoration of the Cathedral of the

Transfiguration, a UNESCO World Heritage Site, and of special interest to Russian President Putin. In September
of 2003, the University of Aizu research group visited Kizhi and did an onsite preliminary evaluation.

. The research will be carried out at the Computer Arts Laboratory of the University of Aizu, the Kizhi
State Museum Computer Technology Center in Petrozavodsk and Kizhi Island in Russia. The physical facilities
at both the University of Aizu and the Kizhi State Museum are adequate. However, both locations will require
additional, dedicated computer systems.

M. All communications regarding the research between the University of Aizu and the Kizhi State Museum
will be in English. The Kizhi State Museum will facilitate travel arrangements to Russia with regard to Visa
requirements and living accommodations. Research data and corresponding communications will be exchanged

electronically and over the Internet.
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Milestones - 2004:

= Begin development of essential three software components / modeling tools. (*¥*)

= Visit the Kizhi State Museum to take critical and accurate physical measurements of the
Cathedral of the Transfiguration.

= Long range laser scan entire cathedral structure.

= Create sample model data and verify with onsite measurements by Kizhi State Museum staff.

= Setup testing to show that the sample data can be functional with a system other than
the system of origin.

= Start full digital modeling of cathedral.

Methods:

(**) The research will develop three major software components / modeling tools:
1. A function representation (F-rep) modeling tool using AutoCAD rel 12 /w AME for the user interface.
2. A volumetric texture procedure for F-rep modeling.

3. A viewer for F-rep volumetric models.

To answer the first problem, that is how to mathematically represent and digitally model large, architectural,
cultural heritage objects whose foundation and shape are changing over time, this research will use HyperFun,

a function representation (or F-rep) based geometric modeling language:  htttp://www.hyperfun.org/

Function representation (or F-rep) defines a geometric object by a single real continuous function of several
variables: F(x1, x2, x3, ..., xn) >= 0 . The HyperFun language is applicable to modeling algebraic and skeleton-
based "implicit" surfaces, convolution surfaces, distance-based models, voxel objects, constructive solids, and
more general F-rep objects. The model in HyperFun is interpreted by the modeling and visualization software
tools. The HyperFun language has mathematically defined metamorphosis of up to four static objects and an
infinite range of states of being of one or more dynamic objects in constant change. This research will extend
the HyperFun language interface to describe dynamic architectural objects, the test case being the Cathedral

of the Transfiguration. Furthermore, the research will propose to answer the second problem, namely how to
preserve the functional linguistics and overcome technological obsolescence of digital data for long term archiving,
by the modification of the HyperFun language into a functional language which makes the relationships between|
its data structures and operations easier to understand, including a more robust history of operations and easy

to understand binary trees allowing the user data, data processes, data procedures and their definitions to be
imbedded into the archive data. There will be the working version of the user data that uses outside system
libraries, processes and definitions. There will be a long term digital archive version that will include an archive
data file and metadata heading which contain all of the outside libraries, processes and definitions, analogous to

a self extraction zip file.
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Initial Laser Scan and Sample Model:

The sample model for testing would include going to the site on Kizhi Island and determining the best
method of measuring and modeling, setting up standards for taking measurements so that offsite work can
be done effectively. An initial laser scan and physical measurements of the cathedral would be done.

The outcome would be a sample model of specific sections of the Cathedral of the Transfiguration in

CSG (Constructive Solid Geometry) and HyperFun (function representation, F-rep) using AutoCAD Rel. 12
with Advanced Modeling Extensions customized as a temporary front end for modeling. This work would be
performed by Carl Vilbrandt, Associate Professor of the University of Aizu, as the chief modeler.

The following expenses are estimated for the sample model executed in the first year:

Unit:Thousand Yen 2004 — Sample Model Estimated Expenses

200 | Economy Class Air ticket from Narita, Japan to St. Petersburg, Russia.

400 Expense budget for 40 day stay in Petrozavodsk/Kizhi including train fare
from St. Petersburg to Petrozavodsk.

500 Portable computer modeling system with extra battery, digital camera,
removable hard drives, and DVD read/writer for the backup system.

500 | Rental, shipping and insurance on long range laser scanner.

Full Digital Preservation Modeling of the Church of the Transfiguration:

The outcome of full digital preservation modeling would be a digital preservation object such that the object's
data and processes are self contained, so that they are not dependent on any specific digital device, hardware
or system. This digital object would contain the Application Processes Interface (API) wrapped in a micro
|[kernel operating system that when activated probes, manages and extends digital resources made available

to emulate an environment in which the digital data structures (surface and volumetric model with textures)
for the Cathedral of the Transfiguration can unfold and execute.

This process would begin in the first year and continue over a period of two years by a team of no less
than three persons at the Kizhi site, Petrozavodsk and the University of Aizu. This would include two month
visits each year for team members, purchase of a cluster-blade type server for rendering of models, data
storage, and web serving.

The following expenses are estimated for the full model phase in the first year:

Unit:Thousand Yen 2004 — Tool Development and Full Model Estimated Expenses

600 | 3 Economy Class Air ticket from Narita, Japan to St. Petersburg, Russia.

5,000 | Honorariams for research assistants, modelers/programmers.

300 | Foreign travel expenses for research representative and research assistants.

3.600 High performance, cluster-blade computer server, low maintenance,
’ low energy usage.

1,200 | 3 Networked PCs with monitors.
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Milestones - 2005:

First multidimensional draft of full digital preservation model of the Church of the Transfiguration.
Visit the Kizhi State Museum to verify the model.

Repeat the laser scanning procedure, compare to previous scans and full dynamic model.
Dynamically adjust model.

Publish full digital preservation model in multimedia.

Prepare final technical report and publish research results.

The research team would continue to refine the modeling tools concentrating on volumetric modeling with
textures and the Application Processes Interface (API) wrapper for a full dynamic digital preservation model
with digital persistence. The research team would visit the Kizhi State Museum to test and verify the full
digital preservation model. The laser scanning procedure would be repeated and compared to previous laser
scans, checking for movement and changes in the actual cathedral. All laser scans would be compared to the
digital preservation model. After consulting with the Kizhi State Museum professionals, adjustments would be
made to the digital preservation model.

The following expenses are estimated for the second year:

Unit:Thousand Yen 2005 — Tool Completion and Full Model Estimated Expenses

600 | 3 Economy Class Air ticket from Narita, Japan to St. Petersburg, Russia.

5,000 | Honorariams for research assistants, modelers/programmers.

300 | Foreign travel expenses for research representative and research assistants.

500 | Rental, shipping and insurance on long range laser scanner.

In the final quarter of the second year, the research team will publish a multimedia visualization of the final
digital preservation model of the Church of the Transfiguration. The research representative will publish a final
technical report as well as research results in academic journals. The potential results of this research would be

an implemented standard for digital preservation of large cultural heritage monuments.
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