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groups and task groups with a fully international membership are engaged in writing standards covering fields
that include topics of specific relevance to professional audio. Membership of any AES standards working
group is open to all individuals who are materially and directly affected by the documents that may be issued
under the scope of that working group. Complete information, including working group scopes and project
status is available at http://www.aes.org/standards. Enquiries may be addressed to standards@aes.org

A standards document may be considered for "stabilized" status if it has continuing value but there is no
requirement or available expertise to revise it. Any person may, at any time, propose a revision of any
stabilized standard, subject to the same criteria and procedures as for new project initiations. If accepted, the
project shall be assigned to the appropriate subcommittee and working group for development in the same way

as for any other project. See AESSC Rules, clause 17.
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Abstract

Thisstandard specifiestest methods for estimating thelife expectancy of information stored in recordabl e compact
disc systems. Only the effects of temperature and relative humidity on the media are considered.

An AES standard implies a consensus of those directly and materially affected by its scope and provisionsand is
intended asaguideto aid the manufacturer, the consumer, and the general public. The existence of an AES standard
doesnot in any respect preclude anyone, whether or not he or she has approved the document, from manufacturing,
marketing, purchasing, or using products, processes, or procedures not in agreement with the standard. Prior to
approval, all partieswere provided opportunitiesto comment or object to any provision. Approva doesnot assume
any liability to any patent owner, nor does it assume any obligation whatever to parties adopting the standards
document. This document is subject to periodic review and users are cautioned to obtain the latest edition.
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Foreword

[This foreword is not a part of AES standard for audio preservation and restoration — Life expectancy of
information stored in recordable compact disc systems —Method for estimating, based on effects of temperature
and relative humidity, AES38-2000.]

This standard was prepared by the SC-03-03 Working Group on Optical Systems and Media of the SC-03
Subcommittee on the Preservation and Restoration of Audio Recording as part of project AES-X53, Test methods
for estimating the life expectancy of information stored in recordable compact disc systems based on effects of
temperature and relative humidity. The standard was developed as part of project AES-X80, Liaison with
ANSI/PIMA | T9-5.

The writing group was lead by William Murray.

William Murray, chair SC-03-03
1999-12-24
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AES standard
for audio preservation and restoration —
Life expectancy of information
stored in recordable compact disc systems —
Method for estimating, based on
effects of temperature and relative humidity

1 General

1.1 Scope

Thisstandard specifiestest methods for estimating thelife expectancy of information stored in recordable compact
disc systems. Only the effects of temperature and relative humidity on the media are considered.

The standardized life expectancy estimated using thismodel is defined for discs maintained at 25 °C and 50 % RH.
Discsexposed to more severe conditions of temperature and humidity are expected to experience ashorter life. The
test plan documented in this standard does not attempt to mode degradation due to exposure to light, corrosive
gases, contaminants, or mishandling, and variations in the playback subsystem.

1.2 Purpose

The purpose of this standard isto establish amethodology for estimating the life expectancy of information stored
in recordable compact disc systems. Thismethodology providesatechnically and statistically sound procedurefor
obtaining and evaluating accelerated test data. The methodology deals only with the effects of temperature and
humidity on the retrievability of stored information. For this reason, this standard is primarily directed to those
storage applications, for example, libraries and archives, in which exposure to other influences potentially
detrimental to information life expectancy, such aschemical agents, intense light sources, and improper handling, is
controlled and minimized.

NOTE It ispossible that audio information can be played back using error correction from a disc that
has exceeded its life expectancy according to this standard.

1.3 Summary

A sampling of eighty recorded discsisdivided into five groups according to aspecified plan. Each group of discsis
exposed to one of five stresses, which are combinations of temperature and relative humidity. Periodically during
the course of the exposure, each disc from each stress group has its block error rate measured. Data collected at
each test interval for each individual disc are used to determine alifetime for that disc. The disc lifetimes at each
stress are fitted to alog-normal distribution to determine a mean lifetime for the stress. The resulting five mean
lifetimes are regressed against temperature and rel ative humidity according to an Eyring acceleration model. This
modél is then used to estimate the distribution of lifetimes at a usage condition

1.4 Assumptions

Thevalidity of the procedure defined by this standard relies on three assumptions. It isassumed that the samplelife

jstribution is appropriately modeled by the log-normal distribution. Also, it is assumed that the kinetics of the

minant failure mechanism are appropriately modeled by an Eyring acceleration model. Finally, itisassumed that
the dominant failure mechanism acting during use is the same asthat at the accelerated conditions. I-Bwam ents
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Stinson (see annex C) provide data indicating that these assumptions are applicable to CD-R systems.

2 Normativereferences

The following standards contain provisions, which, through reference in this text, constitute provisions of this
document. At the time of publication, the editions indicated were valid. All standards are subject to revision, and
parties to agreements based on this document are encouraged to investigate the possibility of applying the most
recent editions of the indicated standards.

ISO/IEC 10149 (1995-07), Information technology — Data inter change on read-only 120 mm optical data disks
(CD-ROM). Geneva, Switzerland: International Electrotechnical Commission.

IEC 60908 (1999-02), Audio recording — Compact disc digital audio system. Geneva, Switzerland: I nternational
Electrotechnical Commission.

3 Definitions

31
baseline
initial parameter measurement taken prior to any application of stress

3.2

stress

experimental variable to which the specimen is exposed for the duration of the test interval. In this standard, the
stresses are confined to temperature and relative humidity

3.3
test cell
device that controls the stress to which the specimen is exposed

34

cumulativedistribution function, F(t)

fraction of al units in the population that fail by time t, or the probability that a random unit drawn from the
population fails by timet

35

log-normal cumulative distribution function
distribution defined by the following equation:

F(t) = (W~27) [ (U a,x)e " ax
0

where
t isthetime
g, isthe log standard deviation
u, isthe log mean
In(x) = natural logarithm of x

NOTE When t=e, thelog-normal cumulativedistribution function evaluatesto 0,5. In other words, the
model predicts that at that time half of the samples have failed.
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3.6

survivor function, R(t)

fraction of all unitsin the population that survive at | east timet or the probability that arandom unit drawn from the
population survives at least timet

NOTE R(t) = 1-F(1).

3.7
end of life
occurrence of any loss of information

3.8
infor mation
signal or image recorded using the system

39
system
recording medium, hardware, software, and documentation necessary to retrieve information

3.10
retrievability
ready access to information as recorded

311
life expectancy
length of time that information is predicted to be retrievable in a system under extended-term storage conditions

3.12

standardized life expectancy

minimum life span, predicted with 95 % confidence, of 95 % of product stored at atemperature not exceeding 25 °C
and arelative humidity (RH) not exceeding 50 %

3.13

compact disc — recordable
CD-R

compact disc — write once
CD-WO

recordable disc which, after recording, satisfies the specifications as written in the disc parameters section
(section 2) of IEC 60908

3.14

block error rate

BLER

ratio of erroneousblocksto total blocks measured at the input of thefirst (C1) decoder (before any error correction
is applied) as defined in ISO/IEC 60908

NOTE The more commonly reported value for BLER is the number of erroneous blocks per second
measured at the input of the C1 decoder (see ISO/IEC 60908) during playback at the standard (1x) data
rate.

3.15

maximum block error rate

max BLER

maximum BLER measured anywhere on a disc

6
ECOT rectableerror
error inthe playback datawhich is not correctable by the crossinterleave Reed-Solomon code defined |D&w ents
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asimplemented in a system

3.17
disc-at-oncerecording
method of recording a CD-R disc whereby the entire CD is recorded in one pass without turning off the laser

3.18

track-at-oncerecor ding

method of recording a CD-R disc whereby each track isrecorded individually with 150 empty sectorsimmediately
preceding it and two run-out sectors immediately following it

3.19

glasstransition temperature

midpoint of the temperature span over which achangein properties occurs as an amorphous polymer iswarmed, at
which properties of the polymer (modulus, coefficient of thermal expansion, dielectric loss, and so on) undergo
dramatic change over a narrow temperature range

3.20

test specimen

any disc that, after recording, meets the 1SO 10149 specification and contains representative data extending to
within 2 mm of the maximum recording diameter

321
session
continuous recording that may be appended at a later time or be fixated to prevent further recording

4 Measurements

4.1 BLER

Idedlly, to find end of life, each sample is tested until the first loss of information occurs. Redlistically, thisis
impractical. Thisstandard considers maximum BLER to bea high-level estimate of the performance of thesystem.
The objective of measuring BLER isto establish apractical estimation of the system's ability to read the recorded
datawithout uncorrectableerror. Changein maximum BLER in responseto thetime at accelerated temperature and
humidity isthe principa quality parameter.

|EC 60908 statesthat the BL ER averaged over any 10 sshall belessthan 3x102 At thestandard (1x) datarate, the
total number of blocks per second entering the C1 decoder is 7350. Thus, an equivalent limit on BLER is 220
blocks/s. For the purposes of this standard, recorded data are considered to have reached end of life when the
BLER, measured as erroneous blocks per second, exceeds 220 anywhere on the disc, that is, when max BLER
exceeds 220. Itisrecognized that the correlation between actual loss of information and max BLER isvery system
dependent. A BLER of 220 is an arbitrary level chosen as a predictor of the onset of uncorrectable errors and
thereby end of life.

4.2 Test equipment

Any compact disc test system (tester) that conformsto 1 SO/IEC 10149 may be used. The make, model, and version
of the test equipment (including software) shall be reported with the test results.

4.2.1 Calibration and repeatability
A calibration according to the tester manufacturer's procedure shall be performed prior to any measurement data
being collected. A calibration disc shall be available from the tester manufacturer. In addition to the calibration
disc one control disc shall be maintained at ambient conditions, and its max BLER measured before and after each
datacollectioninterval. A control chart shall be maintained for thiscontrol disc, with + 3 standard-deviation action
limits. The mean and the standard deviation of the control disc shall be established by collecting at least five
measurements. |f any individual maximum BLER reading differs from the mean by more than three times the
dard deviation, thereby exceeding the action limit, the problem shall be corrected, and all data collected since
last valid control point shall bere-measured. If it becomes hecessary to replace the tester, The National Bureau
of Standards Handbook 91 should be followed for correlating tester outputs (see annex C). DOCU ments
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