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The 15t 90 years of sound recording is dominated by mechanical carriers.

~10 million grooved recordings in US collections (x 2 worldwide?)

e
Some of the media are in delicate or damaged condition, g

the formats are diverse, and in some cases obsolete.

The development is rich in heroic invention and innovation.

*Scott 1860 Phonautograph |

*Edison 1877 Tin foil

«Technology

: *Eth h
«Bell early 1880°s Wax, light hograpny
«Berliner late 1880’ ial di *Folk culture
erliner late s commercial disc The Arts
Politics
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__ e The collections capture a broad sweep of history.
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Non-Contact Restoration of Sound Recordings

*Apply modern optical measurements technigues, data acquisition, control, and
processing to the goal of digitizing sound recordings non-invasively and generally.

Preservation: restore or stabilize delicate or damaged media
Access: mass digitization of diverse media, automation

Condition assessment
Obsolete and historic formats and legacy playback systems

« Many technical demonstrations and developments with a variety of media

» Through collaboration with major collections attempt to bring this technology
into broad application.

* Have now restored many early experimental, ethnographic, and commercial
sound recordings using this approach.

S
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I\/Iechanlcal Recording Principles

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

4000

®.18% ~ 00L-00%Binch

\ gooke sprals arourd
oylinder, 100200

tracks perinch

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

High resolution optical probe...creates a series of depth/mten3|ty profiles of the surface

These are merged into
a surface map

Create audio waveform

—
Calculate
-« _ the motion
WAV ,, j of a virtual
- 50 | needle, apply

optional restoration

]
A
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+ 2D Imaging: Line Scan Camera “IRENE”

160 mm

scratch

—

surface

groove
bottom

Coaxial illumination

» Suitable for disc with lateral groove

* Require 1 pixel =~ 1 micron on the disc surface
» High resolution = narrow depth of field, 10 — 20 microns
» High speed cameras allow near “real-time” imaging - |
*  Extract groove information from high contrast edge transitions  “IRENE”

A
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Width across
Time groove bottom
Pixels =104 KHz =

Measure slope
at each point T / L
(stylus velocity)

Groove trace data, dRdT{mmj-vs2imeses] | 57338
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3D Imaging: Confocal Scanning Probe

— T
& H

Required for cylinder with
vertical groove modulation.

Spatial Filier
\ S!,a})

monochromatic image
1
JL "
e ! :'l Continuum of
M R T monochromatic
T~ A3 images S )
Ohject Surface

Collects 180 point line at up to 1.8 KHz/line
scan time ~ 30 minutes

’ 2-April-2012 Harvard



Redundancy

Audio stored in entire profile, signal averaging

Stylus comes into

Stylus .
y contact at 2 points
Measure the
2D groove bottom with
2 points/slice
130
- ] Measure the
rao-ll = P 1} | entire groove with
d Pl I L =| ~30 points/slice
3D 10— = . - P
100 -[2 i -
reeeee ';i‘| 2-April-2012 Harvard 10



Image Analysis

Line Profile
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» Feature extraction and measurement

— Importance of characteristics and algorithms

— Control of data quality: DOF, focus, intensity, bad points
Measured characteristics of features provide a natural noise detection and removal tool
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Digitization

Low-pass filter

f,<f /2
Analog waveform 0 ~'sample
i e
UiﬂO—/V\TOUOUt i -~
) ) c mmm)p | ADC )mmm) |
E:f, it o T < Y Y ,

Commercial CD: 16 bits, 44.1 KHz
Archive spec: 24 bits, 96 KHz

Amplitude

. Pixel: 100-400 KHz
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Analysis Software Example

Analysis parameters and _thlons
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Surface
damage
The analysis packages “PRISM” and “RENE” include powerful tools and
options for access to data and image processing to remove defects and damage.
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Example of Dust Removal

Dust particles appear WHITE because they are above the surface
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Examples of Distortion Recovery
Chattanooga Blues, Ida Cox, 1923, Paramount 12063

Acoustic recording, heavily worn, cracked,
with significant stylus damage and distortion
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Double Check Stomp
Duke Ellington, 1930

Comparison: Shellac disc in good condition, disc cleaned before
stylus transfer, IRENE transfer before cleaning
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In 1860, French inventor Edourd Leon Scott records sound on paper traces.
Scott’s original tracings were located, digitized, and processed as 2D optical scans

17 years
Before
Edison

i) 2008 u{] o
"Au Clair de la Lune" ["'By the Light of the Moon"] sung;

“...the pitch is measured by the tuning fork of 500 simple vibrations per second
which writes directly and simultaneously in interlinear space of the song”

(French Patent Office) T Léon Scott 9 April 1860

]
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F.B0as, 1930, Vancouver Is.: Distortion Effect
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Stylus version (black) u‘@

3D version (blue) QJ

Since optical scanning is free from the real-time dynamic effects inherent in
stylus playback certain types of distortion can be reduced

- U. of Indiana, ATM
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Projects and Collaboration

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

IRENE: a fast 2D scanner, installed at LC in 2006 (NEH)

3D: a fast 3D scanner for cylinders and discs 2008-9 (IMLS)
— Preservation and restoration of early and damaged recordings

Connecting to Collections: 2010-12 (IMLYS)

— Migration of technology into use at multiple collection sites
» Evaluate a production scale system at the Library of Congress
« Construct a “portable” version for R.Muthiah Library, Chennali, India

— Special Studies: extend and advance tool set
» Early experimental recordings: Smithsonian NMAH

» Damaged broken, unplayable, or rare recordings: Edison NHS, Univ. of
Applied Science, Fribourg, Switzerland, Al discs

» Wax field recorded and dictation cylinders: Phoebe Hearst Museum
* Cylinder molds and disc stampers: Berlin Phonogramm Archive

,_;>| '?‘| 2-April-2012 Harvard 19
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Production Scale System at LC Packard Campus
600 sides scanned in late 2011 and 2012

images?

I |
ATOFOCUS

Results database

J\})w
WAV
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Developed in collaboration with the Library of Congress
3'd generation run control interface for 2D disc scanning
Disc data entry

Links automatically to
database and index file

Minimal run

Operator quality and ~ commands and

IRENE User Interface for Production Scanning

Scan status,
progress bar, and

comments entry settings task queue
: B ENT-User-dnterface-Culpeperd v —
Dise & File Data Operator Data . IRENE Contrals & Settings TBENE Ssatus o e
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IRENE Database for Production Scannlng

IREO0412

The World Today < e e

1942-05-94
Audio
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Initial focus quality

Label shot

FocuS control
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Image analysis
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2012

Blues

38.190956


Portable System

» Native scanning system utilizes heavy vibration isolation, various expensive
components.

A more portable, less expensive variation is attractive for a variety of needs.

e Target was R.Muthiah Research Library, Chennai, through U. of Chicago
South Asia Library collaboration (large early 20t Century disc collection)

» Evaluated a large variety of technical options, complete redesign of isolation
which resulted in an improved isolation for the 2D scanner

« Software and control tightly coupled to Culpeper project

% 2-April-2012
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Aluminum Discs

e The use of Aluminum discs for sound recording began in the 1930’s.
» Grooves were engraved or embossed in the soft metal
» Grooves were typically very shallow as compared with shellac or lacquer

* They were meant to be played back with “fiber” stylus so as to not score or
damage the surface

f_::ﬁ\'ﬂ 2-April-2012 Harvard 24
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Optical Scans of Aluminum Discs

« Al discs have been studied with both 2D and 3D
Imaging.

* The results have been quite variable and it appears
that the cutting process may not have been uniform.

e Among the most challenging media encountered

e Condition assessment across a collection would be
very appropriate.

« Such discs may benefit from an approach which
combines complementary features of 2D and 3D
Imaging. This represents a future development.

r}r:m , Harvard
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2D Imaging
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Typical image from commercial Al disc (71/69) from Parry collection

shellac pressed disc .- R\ R\
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3D Imaging

Lol [ ENIRE PRNRRRY Coermng Vg Y e R RITRE LRl DTSR rE] § ERRER] RPN

I~ DuwPoints F Doslnes T Veticd T Corlen [ Inlepol Pz [ Bllonce sa[e [ [0 [

4579 4981 Grooves are very shallow (~5 microns)

LY LY Significant extruded material present
\ \ Very sensitive to how/what data is used
Results obtained from 4579/4981

N No usable audio yet from 69/71
| . |
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Smithsonian Volta Lab. Coll.

* In 1880 Alexander Graham Bell established the Volta Laboratory at
1221 Connecticut Avenue, Washington, D.C., to conduct research on
sound recording and other topics.

» He formed an association with chemist (and cousin) Chichester Bell and
instrument builder Charles Sumner Tainter.

* The associates experimented with an astounding variety of materials and

formats. They produced numerous patents before settling on the wax
cylinder as a recording medium of choice.

* Most of the experimental materials and notes are now in the collections of
the Smithsonian Institution (>200 recordings).

"""" \”‘| 2-April-2012




Electroformed Copper Stamper (1881)

prob. earliest example of a lateral cut disc record!
Restored in 2011 using 3D optical scan

Trreeer 12 3 4 56 trrrr trrrrr QJ

% [iaamt. — |[Bacmentern.. — |8 | @ @ = - | & | - @ &0 1 2 3 4 ] - | i
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Accompanying Notes
Charles Sumner Tainter, Home Notes Oct. 17, 1881

“Our object is to use the copper electro-type for the purpose of forming
records or phonograms in other substances by stamping, or printing, and to
use these stamped copies for reproducing the sounds originally recorded in

the composition.

In this way a piece of music, for instance, can be recorded once, and any
number of copies made from this original record, and the music reproduced
from any each of the copies.”

Recorded music sales: actual and forecast —

2001-2012e
% Billions

iPodiiy "y O

10,000 songs
in your pocket.

For Mac and PC.
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Optical Sound Recorder (1885)

Variable density
Discussed in Patent 341213

i
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Mary had a little How’s that for high?

; th
HG It’s the 11 Trrr._.?WhO lamb and its fleece Trrr...
ROgErs day of putinthe | | was white as snow. | Mary
March 1885 pipe ?? Everywhere that h;el.d a
Mary went..on no! || e
g ¥ 9 W A W
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Edison Talking Doll ~1887 (ENHS)
“Twinkle twinkle little star....”

- ——

« This item was an experimental prototype for product
sold by Edison some years later

o [tis believed to be the first known recording of a
woman and the first recording made for commercial
purposes

» The product was a flop and Edison referred to the dolls
as “little monsters”, he had the remainder buried.

0 « One site notes, “a complete disaster, terrifying children
) 1) and costing their parents nearly a month’s pay.”

A
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Field Recordings Pilot Study

* Working with 2 collections

— Have scanned 60 of 100 planned items from UCB Hearst Museum
representing a survey of Native Californian materials (~1900-1914)

— Have scanned ~20 items from Indiana Univ. recorded by Franz Boas on
Vancouver Island in 1930, including a broken cylinder.

* Create improved access to these materials
* Measure and develop a project workflow (20/week)
« Correlate/synchronize with motion pictures?

o Sept 2011 talk at “Century of Ishi” conf. Maryrose Barrios

@
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Broken Wax Cylinder

o Temporarily constrain pieces on the mandrel with plastic |
straps and (re-useable) putty shift strap scan in segments





© Galvano Study

« Berlin Phonogramm Archive, large scale conversion of field recordings to
galvanos as a means for preservation and access

» Alternative process is wax casting.

» Earlier attempts to scan with 2D video not successful |
» Proposal to make a thin probe to fit inside galvano Stylus H{’j
* Proof of principle using sacrificial sample .

3D i

et o LR 1 B
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Plastic Dictation Belts

 Dictation, telephone and radio monitoring 1940’s-1970’s
— US Presidential phone conversations

o Groove is embossed, lateral modulation, shallow s

« Never meant as an archival medium, poor storage n.%‘)

i5 5 8§ §o8d





Personal Recordings

o Greetings, mementos, 1940’s — 1960’s

e Mostly in private collections
« Typically on delicate or unstable media

AT LRST! PERFECT AUTOMATIC VOVEE RECORDINGS.

LIK|
TALKIRE !
ON THE

PHOMNE . . .

% 2-April-2012 Harvard
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IRETRUETIONS

1. INSERT THE REQUIRED COINS
2. WATCH RECORDING SIGNALS BELOW

3. TALK NATURALLY, ABOUT 6 INCHES
FROM MICROPHONE





Future Directions: A New ToolKit

e Lessons learned from small production runs

— Generally want to provide users with more “handles” to deal
with challenging cases

— Broken and damage media are an important component, need
better tools for both automatic and user driven corrections

e The 2D production system at NAVCC uses automatic focus
and start/stop determination
— Extend this to other parameters which effect data collection
— Extend this to 3D scanning
e Parameters which determine audio extraction could be
optimized by an adaptive pre-processing stage.
— Use Inherent features of the data to self calibrate

- \
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Adaptive and Self Calibrating Methods

« Most data sets contain quiet lead in/out portions

« Try to identify and analyze these first, minimize noise
by varying parameters or algorithms and using these
sections as a test sample. Different approaches for 2D

and 3D.

III - ” :
i
%
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Concepts for a Tablet Interface

Tracking the groove Re-align broken disc

 Experience of special studies and production indicates that there
may be cases where increased user access to the data would be an
advantage.

« If a large number of systems come into use it may be more efficient
to provide such a toolkit than to tweek the automatic software in
_~_response to every special case which arises

ceecet?] W 2 Aprl-2012 Harvard 42
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Collaboration, Sociology, and Outreach

« Strong collaborative response from collections communities, large and small.
« Have found the community to be very open to new ideas and engaging

» For scientists, an amazing opportunity to study the earliest attempts to record
information(!)

o ~25 students from STEM fields have contributed and been exposed to the
Impact that they can have on historical preservation.

« Many opportunities to share STEM methods with new communities and the
public.

Diploma Work

ey Pavd dor DDty Bt of Recor i safiaarne
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Gypsy Fortune Teller
cracked wax cylinder, circa 1906

* You will soon go to a ball or large

gathering and meet a new friend.
ll[ '.%l » Asincere friend seeks to help you in
/ matters of importance to you.
Montana e Your troubles can be avoided by
l T* State Hist. changing your attitude towards them.

Commission ¢ You will have unexpected good
fortune in a letter.

o The first years of your life will be the
unhappiest.

* You will be married three times, each
time more happily.

» A person who has made trouble for
you in the past will become your
friend.
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Conclusions

e Optical methods have been shown to be effective in preserving
and creating digital access to sound recordings.

o Methods are being put into use and evaluated as part of
archival workflow.

» A portable system has been developed.
« A variety of special applications have been investigated.

« The flexibility and format independence of optical scanning
make it an effective tool to study the early history of sound
recording.

« Many opportunities for outreach and novel STEM education
e For more information: http://irene.lbl.gov/
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Backup Slides

”:>|'\”'| 2-April-2012 Harvard

:::::::::::



3 Jack London Dictation Cylinder -
oo (J L State Park)

December 2, 1915
Dear Max Ehrmann:

Just a rush letter, ere | sail for Hawaii. | merely want to tell you that
everything concerning California prisons in the Star Rover is true. Ed. Morell
IS a real man, and Ed. Morell is his real name. He had a fifty year sentence,
and he spent five years of it in solitary, as | have described. Two years ago
Jake Oppenheimer was executed in California for assault and battery. | can
only repeat, that what | have described is true of California up to the year
1913. 1 do not know what has happened in California since that date.

If you ever read a book of mine entitled The Road, in which | give
some few of my experiences, you will notice that in the Erie County
penitentiary at Buffalo, New York, 1 _have slipped by without describing
much of the worst that | found obtaining there. What | found there was
unprintable, and almost unthinkable.

| am still curious to know how my handling of the Christ situation in
_Jerusalem will strike you.

ﬂ 2-April-2012 Harvard 47





IRENE Production Scale Evaluation

« 2D IRENE scanner and s/w installed at LC Packard Campus, Culpeper, Va. facility
o 5 LC staff were trained to operate the system
o 200 shellac discs (400 sides) scanned (time duration: up to 12 discs/day)
» 100 lacquer discs scanned
o “I” (user interface) redesign, added:

— feature to pull in catalog data, identity confirmation

— operator technical data fields for visual disc condition assessment

— disc spin feature to help identify warped discs (laser superior to direct inspection),
» Encountered focus issues on lacquer discs, modified laser optics to address this
* Added variable camera aperture to allow for larger focus depth with warped discs
» Imaging largely successful, operators able to choose basic settings with little trouble
* Image analysis

— certain like sets of discs from particular record labels consistently converted to
audio well and other sets consistently converted poorly, conclusion: adjustments to
the analysis algorithm rectified some of these issues, study of problems continues.

— ldentified a number of s/w interference issues, multiple processes, shared resource,
» Next steps: iterate on analysis aspects, re-process
Analysis and report

-~ \
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Collections

o Thisis a list of potential sites/collections which have either expressed interest in the
technology or we have worked with already

o The Library of Congress
« Harvard University: Milman Parry Collection ~3K aluminum discs

« Indiana University Archive of Traditional Music, major collection of early
cylinders, discs

o UC Berkeley P. Hearst Museum, 3K Native American field recorded cylinders

» Edison National Historic Site: all the Edison cylinder and vertical disc production
and development

* Smithsonian: Volta Lab + early sound collection, ~400 unique items, + all the other
SI holdings

« Canadian Bell National Historic site — wax cylinders
* Moscow Conservatory of Music: ~80 years of classical music

« Berlin Phonogramm Archive: >10K cylinders/galvano’s (connection to other
European archives)

* R. Muthiah Research Library, Chennai, India
« EMI Archives, Abbey Road, UK, with University of Chicago
o Small institutions — Schenectady Museum, ND State Archive,...

S
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Technology

2D and 3D approaches have run in parallel

Clear now that they compliment each other,
better to have both available together

New data taking and optimization strategies
then open up.

New optical probes can include both 3D and
2D 1maging In the same “head”

Clearly an interesting direction for R&D

creecc?] W 2-April-2012 Harvard
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History

1853 Leon Scott: Phonoautograph paper recorder
1877 Thomas Edison invents sound reproduction
on tin foil Phonograph

1880-5 Bell(s) and Tainter, VVolta Lab research into audio
formats, finally introduce wax cylinder

1887 Emile Berliner invents disc Gramophone
1925 Western Electric Orthophonic (electrical) system
end of the “Acoustic Era”

1929 Edison production ends, lacquer transcription disc
introduced

1947 Magnetic tape in production use, Ampex 200A
e 1948 33 1/3 rpm LP introduced
o 1958 Stereophonic LP on sale, uses 45/45 system
. . ¢ 1963 Cassette magnetic tapes
~smme— - 1982 Compact Disc (CD)
Glee® el end of the “Analog Era”
= o 2001 Apple IPOD
o Late 2000’s Massive online access to digital sound files

-
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Window on Invention and History

The format independence of optical scanning make it a useful
tool to study recorded sound and the history of invention

1860 Leon Scott Phonoautograms: the 15t recordings

(1877 Edison foils): the first reproductions

1881-1886 Volta Lab: most of the practical aspects unveiled
1887 Edison Talking Doll: the 15t commercial recording
Late 1880’s Berliner Discs: the commercial disc format

1900’s consumable cylinders: recordings becomes a tool for
ethnographic research, a novelty, and an industry

1910’s — 1950’s shellac, lacquer, and aluminum discs
1960’s Plastic dictation belts
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Earliest Inventions

Phonautograph Phonograph
Leon Scott Tom Edison
1853 1877

Scott enscribed sound on
¢ -« paper and could not play it
e back

Edison embossed
sound on foil and was
therefore the first to
reproduce it.

T 4. EDIAON.
Fhonsgraph or Bpenking Mushine

Mo, 200531, Patentsd Fab. 19, 1878,

B 2 S T - X ”
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2nd example of a sound recording
ﬁﬂn story w/ 250 Hz tunlng fork
#Cro stalk

Do Re Mi Fa So La Ti# Do
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Measurement Process (2011)
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Berliner Discs

» Very early commercial disc production
 Significant collections at the LoC and EMI Archives (UK)
e Small study done with 3D and 2D imaging

‘Q’J. Note: offensive content
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Q’J: Optical + EQ + filter

listener

mechanical diaphragm of T
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Response of horn and diaphragm at
low frequency can modify response and
deviations from “constant velocity”
characteristic.
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“Johnny”: Les Paul and Mary Ford

1953 recording, shellac 78 rpm disc is worn and scratched, distorted
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Stylus version
has a clear skip
due to scratch
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Broken Record

o Gilbert and Sullivan “lolanthe™ 1930 Victor 9708
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Rare Lacquer Transcription Discs

Typically these are one-of-a-kind and considered delicate. Archivists may prefer
a non-invasive approach to playback and/or evaluation.

E!-U- S. Tibetan Scholar Is. Missing
B| In Punjab After a Tribal Attack
| W pa s

78 rpm acetate o
 Theos Bernard, interview,

1930’s (UCB)

i 78 rpm nitrate on glass
¢ Label: Howard Hughes,
Collier Award 1939 (Lakeland Mus.)

\ 78 rpm acetate on metal
¢ 1940’s studio test
Mutt Carey and the NY’rs (LoC)

]

A
cececes] W 2-April-2012 Harvard 60
g




2006

Blues

37.407387



What Is the relationship between

Electro-magnetic case

“groove” and sound?

Max. Slope = Max. Sound
Acoustic case

Amplitude

Headzhall = ”
B A\ R /
= L ot Y -__I'
s < il Waveleng\h
induction Diaphragm is
over-damped to
provide flat response
A 's
Sound = Stylus Velocity wy
(“‘constant velocity condition”)
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