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* We are developing methods of optically recovering
mechanical sound recordings without contact to the
media.

« Address concerns of the preservation, archival, and
research communities:

— Preservation: The reconstruction of delicate or damaged
media

— Access: Mass digitization of diverse media

* The approach evolved naturally out of methods of
optical metrology, pattern recognition, and image
processing.
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"W Non-Contact Digital Imaging JIif
» Create high resolution digital map of entire surface
e Computer plays record (image) with a virtual stylus

* Product
— Standard digital sound files (ie .wav)

— High resolution digital images which may be reanalyzed
later as well

» Protects samples from further damage

* Repair existing damage through “touch-up”

e Reconstruct broken records

o Offload aspects of restoration to automated software

A “smart” copying machine for records
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Status and Questions

Basic technology has been demonstrated and studied
on a range of media over past 4 years.

A phonograph disc record scanner has been built and
IS now under evaluation here.

Want to understand the future directions for this
research and its development.

Recognize that early 20t century ethnographic
fieldwork is a significant component of the historical
archive. Do these method have any role to play
there?




History

1859 Leon Scott: Phonoautograph paper recorder
1877 Thomas Edison invents sound reproduction
on tin foil Phonograph
1885 Bell and Tainter introduce wax cylinder
1887 Emile Berliner invents disc Gramophone
1925 Western Electric Orthophonic (electrical) system = ===
end of the “Acoustic Era” e |

1929 Edison production ends, lacquer transcription disc |
introduced
1947 Magnetic tape in production use, Ampex 200A

e 1948 33 1/3 rpm LP introduced

e 1958 Stereophonic LP on sale, uses 45/45 system
= ° 1963 Cassette magnetic tapes
W..eow ¢ 1982 Compact Disc (CD)

end of the “Analog Era”

e 2001 Apple IPOD




I\/Iechanlcal Recording Principles

Cylinder: groove Disc: groove moves from
varies in depth side to side (Lateral Cut)
(Vertical Cut) h

4.000

@2.1875 -~ 0.01-0.005inch

groove spirals around
cylinder, 100-200
tracks per inch

: v
Vertlce_ll cut -
recording, surface
varies locally. T

~< 20 microns

Audio Is encoded in micron scale features
which are >100 meters long




Diverse media

Shellac disc (*78”"): main commercial Wax and plastic cylinders:
media before vinyl (1950’s), scratches, mold growth, wear, breakage
wear, breakage —
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— Plastic belts: dictation,
Lacquer, Al disc: instantaneous records monitoring (1940°s-607s),

pre-tape (~1948) exudation, flaking folds, cracks, wear
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' <Digital photography
L imited information
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3D Imaging

*Requires confocal
scanning microscopy
Full profile is measured
*Slow
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Projects Underway

Concept was tested 2002-2003 leading to interest and
support from the Library of Congress and others.

IRENE: a fast 2D optical scanner for disc records
— Digital access to the most common media + special formats
— Installed at the Library of Congress 8/2006

3D scans on “Edison” cylinders
— Preservation and restoration of early and damaged recordings
— R&D with the Library of Congress and special projects

3D scans on plastic dictation belts
— Feasibility study for preservation transfers of damaged media
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|.R.E.N.E.

Image, Reconstruct, Erase Noise, Etc

Funded by NEH in 2005, installed at
Library of Congress 8/2006

1 year development and construction

Experimental “production” machine
and test-bed for future development

Emphasize throughput and diversity
(access), scan time ~10-15 minutes

Provide statistical measures of media
Currently under evaluation
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Example of IRENE playback on a pristine acetate disc 13

Groove trace data, dR/dT[mm]-vs-time[sec]
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The following slides compare playback on various discs between a stylus
and IRENE. The selections span a range of conditions and materials.

These results are preliminary
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Goodnight Irene: Weavers 1950
late model electrically recorded shellac disc
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Blues

41.012096


2006

Blues

40.54192


Silver Threads Among the Gold:
Elsie Baker 1913 Victor 17474-A

Early, acoustically recorded, shellac disc
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Studio Test 1947 Cellulose Acetate
Mutt Carey and his New Yorkers: Shim-Me-Sha-\Wabble
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Spoken

/8 rpm acetate,
Theos Bernard,
Interview, 1929

Word Lacquer DIscs
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Blues

44.538445


Testing and Validation Phase

9-12 months in duration in the LC Recording Lab
Led by Peter Alyea

Machine to be tested on a significant sample of media
— Quantitative comparisons with test (& other) records

— Variety of media types and condition

— Listening tests

— Flat and historical EQ’s

— Study scan parameters and analysis/reconstruction options

Results to be documented and disseminated
Possibility of a follow-on stage

— Upgrades to software and/or hardware
— EXxpanded media study
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o Cylinder History 1877 —1930 (approx)
— 1877 Aluminum foil
— 1885 Soft wax for original recordings, fieldwork. and dictation
— 1902 Hard wax molded, commercial
— 1908 Cellulose molded, commercial “Amberols”




Chromatic Aberration
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3D Imaging: Confocal Scanning Probe

Required for cylinder

Length=1 mm Pt=14591 pm Scale =18 pm

with vertical groove -
modulation. ’
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Speed and Data
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*Point by point measurement

*EXxposure time per point
cost ($)

1 probe, 48 KHz ~ 80 hours
4 probes, 12 KHz ~ 6 hours
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Sound Comparison

* The Holy City, composed by Stephen Adams,

The Edison and Skedden Mixed Quartet, Amberol 1601
Commercial cellulose release
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Surface Damage = Sound Degradatiqn_ 4

AN

*Fungus growth on wax cylinders destroys the surface
*Recrystallization alters surface texture
eImpacts unique samples — early recordings, field work, dictation

A research priority for the Library of Congress and a focus of our on-going effort
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UC Berkeley Phoebe Hearst Museum holds
an extensive collection of wax cylinders
recorded by Anthropologist Alfred Kroeber
and others. This sample is from the set
recorded of Ishi (circa 1911-14).

Sam Batwai, Alfred L. Kroeber, and Ishi
28
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20.684265


Prospects

 Disc scanning (IRENE) is under evaluation at the
Library of Congress now.
— Speed is practical for large scale projects (many discs/day)
— Can address damaged or delicate disc media
— Signal quality, noise, algorithms under study

e Cylinder (3D) scanning is an R&D effort at present.
— How should it moved into practical use?

— Speed will likely remain limited to 1-3 items/day per
system. Depends also on certain tradeoffs.

— Can certainly be used to target specific items/collections
and special projects.
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Native American Collections
(partial list)

Library of Congress

— Omaha Indian Music: collected by Alice Fletcher and Francis La
Flesche ~1897—99

— Francis Densmore recordings
— ~8500 cylinders

National Anthropological Archives
Indiana Univ. Archives of Traditional Music,
— Collection spans 1893—1938, ~6000 cylinders

UC Berkeley Phoebe Hearst Museum
— recordings by A.Kroeber and others, >3000 items
— Linguistics collections

University of Washington Libraries

— Pacific Northwest Native American Materials in the Melville Jacobs
Collection (and others)
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Questions

Is access to these collections significantly limited by
the lack of, or condition of, existing transcriptions?

What is the general physical state of these cylinders?

Are there important cylinders which have just been
considered unplayable?

Would there be interest in the community for greater
or Improved access to these recordings?

What would be the criteria for determining the
required quality or parameters of new transcriptions?
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Optical Scanning: A general tool to preserve and
create access to recorded sound history

Wax cylinder Shellac disc Plastic dictation belt

Web site URL.: irene.lbl.gov
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