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Abstract
Audio information stored in the undulations of grooves in a 
medium such as a phonograph record may be reconstructed, 
with no or minimal contact, by measuring the groove shape using 
precision metrology methods and digital image processing. 
The effects of damage, wear, and contamination may be 
compensated, in many cases, through image processing and 
analysis methods. The speed and data handling capacity of 
available computing hardware make this approach practical. 
Various aspects of this approach are discussed. A feasibility 
test is reported which used a general purpose optical metrology 
system to study a 50 year old 78 r.p.m. phonograph record. 
Comparisons are presented with stylus playback of the record 
and with a digitally remastered version of the original magnetic 
recording. A more extensive implementation of this approach, 
with dedicated hardware and software, is considered.
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I. Introduction
The preservation of mechanically recorded sound is an issue 
of considerable current interest [1-4]. Extensive recorded 
sound collections and archives exist world-wide. Many older 
mechanical recordings are damaged or are considered at risk 
for deterioration with time or due to further contact with a 
playback stylus. Some valuable recordings were only made 
as “instantaneous” transcriptions on cellulose acetate or 
cellulose nitrate and are particularly delicate. A method of 
extracting sound from these samples, which would do no 
further damage, is therefore attractive. Playback with a stylus 
only samples the portion of the groove wall in contact. Since 
better quality information may still reside in other parts of the 
groove cross section, a method of extracting information from 
any region of the groove is desirable as well. Furthermore, 
there is considerable interest in methods and strategies which 
would allow mass digitization of analog recordings for archival 
storage and distribution. In the present work some techniques 
of digital image processing and precision optical metrology 
have been applied to the problem of extracting audio data 
from recorded grooves. 

Fig. 1: Micro-photograph of grooves on a 78 r.p.m. recording. 

 
Illumination is coaxial. Image size is approximately 700 x 540 
microns. Another example of an image is shown in Fig. 2a. It 
depicts a three dimensional map of a groove field (including a 
large scratch) also from a 78 r.p.m recording, acquired with a 
confocal laser scanning probe. This is a method which builds 
up an image frame by measuring a series of points across the 
surface. The data were acquired on a 4 micron square grid. 
The vertical resolution is 100 nanometers. A third example of 
an image is shown in Fig. 2b. It depicts data also acquired with 
a confocal scanning probe from the surface of an Edison Blue 
Amberol cylinder. The data were acquired on a 4 micron square 
grid, again with 100 nanometers vertical resolution. 

Fig. 2(a): Image data of scratched groove field on a 78 r.p.m. 
recording acquired with a commercially available laser confocal 
scanning probe. Size is 2.35 x 2.19 millimeters. 

Fig. 2(b): Image of a region of the surface of an Edison Blue 
Amberol cylinder. The field size is 1 x 0.91 mm and is also 
acquired with a commercially available laser confocal scanning 
probe.

II. The Imaging Method
In this discussion the focus will be on applications to 
measurements of lateral groove recordings. In order to establish 
a basis for digital image processing and precision metrology it 
is useful to summarize the relevant mechanical properties of 
lateral recordings. The specifications for modern disk records 
are in print [12]. The corresponding specifications for the now 
obsolete, 78 r.p.m. technology are out of print but can be found 
in various sources as well [13-15]. The playback stylus signal 
is proportional to its transverse velocity which is due to the 
lateral groove movement. Signals are compared on the basis 
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of amplitude rather than power.

    (1)
where v is the stylus velocity and vREF is some defined reference 
level, discussed below.
For a sinusoidal modulation, the signal amplitude read with a 
stylus will be maximal at the zero crossings of the groove. The 
maximum lateral displacement of the groove corresponding to 
a zero crossing velocity vMAX is,

    (2)
Where f is the frequency of the recorded tone. From an image 
of the groove pattern, the lateral displacement of the groove 
with respect to the un-modulated trajectory is measured on 
a sequence of points. The measurement of stylus velocity, at 
each point, is extracted from this displacement waveform by 
numerical differentiation. The main mechanical parameters of 
interest for digital imaging and precision metrology are listed 
below. Some relate to Fig. 3 which depicts a groove profile. 
When relevant they are defined at a specific frequency (1000 
Hz) where equalization effects are generally not an issue.
1) Groove width: distance across the top of the groove (defined 
in Fig. 3).
2) Groove spacing: center to center distance between two 
adjacent grooves.
3) Grooves per inch (Gd): the number of grooves cut in the 
surface per radial inch.
4) Reference signal level: the peak transverse velocity used 
to set a baseline for the recorded signal. This quantity is in 
principle arbitrary but is key to defining the noise and dynamic 
range discussed in the literature.
5) Maximum groove amplitude: the maximum displacement 
of the groove from an un-modulated path.
6) Noise level below reference level (signal to noise ratio): noise 
levels or limits are usually expressed as dB below the reference 
signal. This is taken to mean the standard deviation of any 
random noise source, such as the underlying surface noise 
source discussed above, or the maximum allowed deviations 
due to the low frequency systematic effects.
7) Dynamic range: a measure of the range of audible signals 
up to the maximum peak recorded signal level, defined here 
with respect to the noise level at 1000 Hz 
8) Groove amplitude at noise level: the maximum amplitude 
deviation from a signal free path corresponding to the noise 
level in item 6) above and defined in equation 2.
9) Maximum and minimum radii: the respective radii at which 
audio data is specified to begin (RMAX) and end (RMIN).

III. A Test of the Imaging Method
In this section a test of an optical reconstruction method is 
described. The test was based upon existing or easily available 
tools and methods. Little of the optimization discussed above 
was carried through. For this reason, the results should not 
be considered as a definitive indication of the power of these 
methods but rather as a starting point for further refinement 
or development. In light of these contingencies, the results 
obtained were judged quite satisfactory as compared to a stylus 
playback of the same source material. To test the procedure a 

general purpose optical metrology system with digital image 
processing capabilities was used. The device was the “Avant 
400 Zip Smart Scope” which is manufactured by Optical 
Gauging Products A view is shown in Fig. 3. 

Fig. 3: Optical Gauging Products Avant 400 Zip Smart Scope 
metrology system

The speed of the scanning procedure was determined by the 
specifications of the metrology system used. In this case it 
took around 50 minutes to scan 1 second of recorded data. 
The system used was general and not optimized for this 
task. A dedicated system (discussed in Section 4) could be 
dramatically faster. It would be incorrect to conclude that the 
rate in this test represents the real achievable scanning rate.

                
Fig. 4(a): A sequence of data points taken along the two imaged 
edges of the groove bottom plotted as a radial coordinate in 
mm (vertical axis) versus f, an angular coordinate in radians 
(horizontal axis). A series of overlapping camera frames are 
shown. The discontinuity (radius shift) between adjacent 
overlapping intervals is the issue addressed in step (4) of the 
data processing.
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Fig. 4(b): Each point pair of Fig. 4a is averaged across the 
groove bottom to form a single data stream. This redundancy 
also results in some smoothing of the data.

A set of Fig.s is presented here to compare the different 
versions. These were displayed with the commercial audio 
editing software.
From these results a number of conclusions can be drawn.
1. The fine waveform structures of all samples are qualitatively 
similar. This is
particularly true of the optical and mechanical samples.
2. The optically read sample contains far fewer sharp noise 
features (clips or pops) than the mechanically played sample 
and also contains higher amplitudes (with respect to the 
broadband noise) in the musically rich segments.
3. The continuous noise level heard in the sound clips is lower 
in the optical sample than the mechanical sample.
4. A background continuous noise (hiss) is present in the optical 
sample. The hiss is also slightly modulated by a signal at about 
4 Hz. The origin of this is not completely known but it may 
be related to the particular differentiation algorithm, imaging 
fluctuations in the edge finding process, or to a latent physical 
feature of the record itself. A hiss signal is also present in the 
groove shape data before differentiation which may underlie 
the signal heard in the differentiated audio clip. 
5. The studio version is, as expected, of higher quality than 
either the optical or mechanical sample. However the optical 
and mechanical sample was not subjected to any further digital 
noise reductions or re-mastering procedures.

IV. Conclusions
The basis for digital image processing and precision metrology, 
applied to mechanical sound reconstruction, has been 
described. A non-contact reconstruction of analog audio data 
from groove recordings has been demonstrated in a simple 
proof of concept test. The quality is already better than that 
achieved by stylus playback with good components before any 
other digital noise reduction methods are applied. Considerable 
options exist for improved image processing and further noise 
filtering. Application specific hardware and software could lead 
to significant reductions in the time required to perform a scan 
and further improvements in data quality. These attributes may 
lead to a real advantage in the preservation of endangered 
audio media of historical or other value.
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