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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
ISO/IECJCT:

Internatipnal Standards are drafted in accordance with the rules given in the ISO/IEC Directiveg, RPart 2.

The main|task of the joint technical committee is to prepare International Standards. Draft lnternational
Standardp adopted by the joint technical committee are circulated to national bodies”for voting.
Publicatipn as an International Standard requires approval by at least 75 % of thé)national bodies
casting aote.

Attention is drawn to the possibility that some of the elements of this document'may be the subject|of
patent rights. ISO and IEC shall not be held responsible for the identifying any,or all such patent rights.

[72)

ISO/IEC 29121 was prepared by Joint Technical Committee ISO/IEC |TC 1, Information technology,
Subcomnjittee SC 23, Digitally recorded media for information interchange and storage.

This secdnd edition cancels and replaces the first edition (ISQ/IEC 29121:2009), of which has begn
technically revised.

iv © ISO/IEC 2013 - All rights reserved
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Many organizations now use optical disks for long-term storage of information. It is assumed that a disk
selected for recording has already been qualified for that purpose. It is therefore important to be able
to verify that data has been recorded correctly and remains readable for the required amount of time.
Previous International Standards clearly defined requirements for interchange, but did not contain
requirements for longevity.

Longev1ty is 11m1ted both by dlsk degradatlon and by technology obsolescence Interchange shall be

yea
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for
eferable that disks selected for long-term preservation should have(@ayong estimated lifetimne, which

p1]

rs. Consequently, recordings that require a longer lifecycle may have to be transferred to
htforms every ten to thirty years.

ptical disks for long-term storage should be evaluated. Significant longevity differences
disks from different manufacturers and even between disks from:the same manufact

can be estimated according to ISO/IEC 16963.
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sks with initially poor quality do not offer sufficient headroom and can reach the unrecoverd
reshold before the next scheduled inspection, which is to beyavoided for long-term data sto
bans that a disk of high initial recorded quality that mdintains this condition for life is ex
ve superior longevity.

cause read data are corrected by an error-correction decoder, it is impossible to detect de
thout detecting the raw error rate or raw error nuimber. The raw error can be detected with a
5t drive. The quality of the disk can be specified as the number of erroneous inner-parity d
th DVD-R, DVD-RW, +R, and +RW disks. Thé-quality of a DVD-RAM disk is defined instead b
for rate. Deterioration can be monitored by checking the raw error numbers and shall cont
bnitored. Methods described in this\lnternational Standard define a quality-control policy
n-destructively identify degradation) and thereby support timely and effective corrective a

(D-R, DVD-RW, DVD-RAM, +R, and +RW disks are based on the technology now widely know
the market. This entails the use of red laser diodes, two 0,6-mm thick substrates bonded
an adhesive layer to protect the recording layer from dust, write-once (DVD-R, +R) or phaj
cording layers (DVD-RW, DVD-RAM, +RW), and a 0,60 or 0,65 NA objective lens to ensure go
hrgins required for@professional data preservation. Disks having dual recording layers wit
tween them aredised in addition to those with a conventional single recording layer.
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Information technology — Digitally recorded media for
information interchange and storage — Data migration
method for DVD-R, DVD-RW, DVD-RAM, +R, and +RW disks
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Digital data can be migrated to a next new disk without loss from the present disk as long as d
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is International Standard specifies a data migration method for long-term data storage. Acq
e standard, manufacturers are able to construct storage systems that use DVD-R, DVD{RW, [
, or +RW disks for information storage. A user of the storage system can select disks with
ngevity potential, on the basis of an initial performance test, and can continuously md
tential for retrieving data from those disks on the basis of periodic performangce test. These

correctable errors, in response to time at controlled storage conditionstoproduce accelera

e completely corrected before and during the migration, and provided copying of the data if

e methodology for data migration is intended to be applied to disks with longer storage life
commended to use disks with estimated life time is givensas\a mean value and a standard
specified in ISO/IEC 16963. If the estimated lifetime of the disks is known, users can detern
ferval according to the estimated lifetime. If the estimated lifetime is known as a mean v4
hindard deviation, regardless of the test method for‘the estimation, it is recommended to
ta migration based on this standard. If the estimated lifetime is unknown, the test interval
ree years or less. Considering the generational changeover of systems or applications, the
termine a migration interval disregarding.the‘estimated lifetime of the disks.

5ts. In addition, degradation of recorded data occurs by complex failure mechanisms. Storag
brefore, varies depending not only.on temperature and humidity but also on many other ef
exposure to light, corrosive gases, contamination, handling, and variation in playback su
nsequently, severe storage environments require more frequent periodic tests. The frequency ¢
sting also needs to be fixed/based on the quality of the disks for storing data and the storage env

Normative references

lispensable “for its application. For dated references, only the edition cited applies. For
ferences,the latest edition of the referenced document (including any amendments) applies

D/IEG>16963, Information technology — Digitally recorded media for information interch
priage — Test method for the estimation of lifetime of optical media for long-term data storage

ording to
VD-RAM,
sufficient
nitor the
tests are

establish a practical estimate of the retrievability of the recorded data on a disk without producing

fed aging.
ita errors
allowed.

time. It is
deviation
ine a test
lue and a
carry out
should be
user can

ks with shorter estimated lifetimes haveymore rapid degradation and require more frequenjt periodic

b lifetime,
ects such
bsystems.
fperiodic
ronment.

e following dgcyments, in whole or in part, are normatively referenced in this document and are

undated

ange and

ISO/IEC 12862, Information technology — 120 mm (8,54 Gbytes per side) and 80 mm (2,66 Gbytes per side)
DVD recordable disk for dual layer (DVD-R for DL)

ISO/IEC 13170, Information technology — 120 mm (8,54 Gbytes per side) and 80 mm (2,66 Gbytes per side)
DVD re-recordable disk for dual layer (DVD-RW for DL)

ISO/IEC 16448, Information technology — 120 mm DVD — Read-only disk

[SO/IEC 17341, Information technology — Data interchange on 120 mm and 80 mm optical disk using +RW
format — Capacity: 4,7 Gbytes and 1,46 Gbytes per side (recording speed up to 4X)

ISO/IEC 17342, Information technology — 80 mm (1,46 Gbytes per side) and 120 mm (4,70 Gbytes per side)
DVD re-recordable disk (DVD-RW)

© ISO/IEC 2013 - All rights reserved
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ISO/IEC 17344, Information technology — Data interchange on 120 mm and 80 mm optical disk using +R
format — Capacity: 4,7 Gbytes and 1,46 Gbytes per side (recording speed up to 16X)

ISO/IEC 17592, Information technology — 120 mm (4,7 Gbytes per side) and 80 mm (1,46 Gbytes per side)
DVD rewritable disk (DVD-RAM)

ISO/IEC 23912, Information technology — 80 mm (1,46 Gbytes per side) and 120 mm (4,70 Gbytes per side)
DVD Recordable Disk (DVD-R)

ISO/IEC 25434, Information technology — Data interchange on 120 mm and 80 mm optical disk using +R
DLforma"— f'npnr‘ih/- 8 55 Ghvtes and 2 66 Ghvutes per side (rpr'nrriing cpppri up ta 16Y)

ISO/IEC 26925, Information technology — Data interchange on 120 mm and 80 mm optical disk using-#RW
HS format — Capacity: 4,7 Gbytes and 1,46 Gbytes per side (recording speed 8X)

ISO/IEC 29642, Information technology — Data interchange on 120 mm and 80 mm optical disk using +RW
DL format — Capacity: 8,55 Gbytes and 2,66 Gbytes per side (recording speed 2,4X)

3 Terms and definitions

For the plirposes of this document, the following terms and definitions apply.

31

BER ma:l
maximunp byte error rate at any consecutive 32 ECC blocks on a disk as measured in the first pass of the
decoder hefore correction

Note 1 to ¢ntry: BER max is applied to DVD-RAM disks.

3.2
lifetime fpr use of data migration and same as Bgypoo 1 Life which is 0,000 001 quantile of the lifetime
distribution (i.e. 0,000 1 % failure time) or 99,999 9 % survival lifetime (see Annex E)

3.3
Bs Life
5 percentjile of the lifetime distribution (i.e. 5 % failure time) or 95 % survival lifetime

3.4
(Bs Life)y
95 % lowpr confidence bound-of Bs Life

3.5
Bsg Life
50 percenptile of thelifetime distribution (i.e. 50 % failure time) or 50 % survival lifetime

3.6
data migration
process to copy data from one storage device or medium to another

3.7

Error Correction Code

ECC

mathematical computation yielding check bytes used for the detection and correction of errors in data

Note 1 to entry: For DVD-R, DVD-RW, DVD-RAM, +R, and +RW disks, the Reed-Solomon product code defined in
ISO/IEC 16448:2002 for DVD-ROM systems is applied.

3.8
error rate
rate of errors on the recorded disk measured before error correction is applied

2 © ISO/IEC 2013 - All rights reserved
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39
initial performance test
test of the recording performance of data recorded on a disk before storing

3.10
lifetime
time that information is retrievable in a system

3.11
PI SUM 8 max

ma asmreastyed in the

combination of hardware, software, storage medium, and documentation used to record, rettrieve, and

mlgration interval (year) which is determined by user

Ndte 1 toentry: See Annex F.

4 _TFest methods

TTCOTIITOCTITU I

4.1 Test parameters

For DVD-R disk defined in ISO/IEC 23912 and ISO/IEC 12862, DVD-RW disk defined in ISO/IEC 17342
and ISO/IEC 13170, +R disk defined in ISO/IEC 17344 and ISO/IEC 25434, and +RW disk defined in
ISO/IEC 17341, ISO/IEC 26925 and ISO/IEC 29642, the maximum inner-parity error shall be measured
at any consecutive 8 ECC blocks (PI SUM 8 max) in the first pass of the decoder before correction.

For a DVD-RAM disk defined in ISO/IEC 17592, the maximum Byte error rate (BER max) shall be
measured (see Annex C).

© ISO/IEC 2013 - All rights reserved 3
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4.2 Test Drive

The test drive shall comply with ISO/IEC 16448 for DVD-R, DVD-RW, +R, and +R disks and ISO/IEC 17592
for DVD-RAM disks. It shall have the capability to measure PI SUM 8 max for DVD-R, DVD-RW, +R, and
+RW disks and BER max for a DVD-RAM disk, respectively.

4.2.1 Testdrive calibration

The test drive shall be calibrated by using a calibration disk prepared by the test drive manufacturer
based on the calibration procedure defined by the manufacturer. The calibration shall be done at the

intervals

4.2.2 T
Prior to ¢
finger pri
with the
examinat

4.2.3 T

Before te
test drivd
tested by

Test resu
for a DVD

4.3 Tes
The entir

(see Anng

5 Test

5.1 Ini

When daf
checked.
DVD-RW,

At least, 1

performalnce of Level 2 should not be used for long-term data storage, and those of Level 3 are out of t

specificat

recommended by the manufacturer.

bst preparation

on may reveal physical deterioration, such as delamination and porosity ofth&protective coati

bst execution

5ting disks, the test drive shall be verified by checking the calibration disk supplied with t
or publicly verified. If the drive passes the calibration cheek, the disk to be checked shall
the test drive.

ts shall be judged by the P SUM 8 max for DVD-R, DVD4RW, +R, and +RW disks or the BER m
-RAM disk.

t area
e recorded area of all the disks should betested in order to confirm the readability of the d3
X G).

result evaluation

Lial performance testresult evaluation

a is recorded on disks, the initial recording performance on the whole recorded area shall
['he initial recording performance is categorized as Level 1, 2 and 3 by PI SUM 8 max for DVD
+R, and +RWdisks and BER max for DVD-RAM as shown in Table 1 (see Annex C).

he initial vecording performance shall be within Level 1. Disks showing the initial recordi

ion‘and shall not be used.

pnducting tests, the disks shall be visually examined to determine whether they contain dujst,
Ints, or other contaminants. If appropriate, such contaminants shall be remoyed)in accordarice
lisk-manufacturer’s recommendations. Certain options are contained in AnneX A. Microscopic

g.

he
be

ng
he

If the init

alrecording perrormance 1s worse than Level 1, the performance of the diskand drive used

or

recording the data should be verified because PI SUM 8 max and BER max depend on the performance
of both disks and drives. If the drive is not good, the drive should be replaced. If the disk is not good,
another lot of disks should be used.

© ISO/IEC 2013 - All rights reserved
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Table 1 — Category of initial recording performance

DVD-R, DVD-RW,
Level Status DVD-RAM
+R, +RW
1 Recommended <140 <5,0x10-4
2 Should not be used 140 to 280 5,0 x 10-4to 1,0 x 10-3
3 Shall not be used > 280 >1,0 x 10-3

PI SUM 8 max BER max

Tt atoT

Di
re
fo

If

If
di
If
i
en

D3

.2 Periodic performance test result evaluation

sks used for storing data should be periodically checked with the testinterval deseribed in Clapise 6. The
rording performance at the periodic performance testis categorized in Level 4,.5’and 6 by PI SUM 8 max
- DVD-R, DVD-RW, +R, and +RW disks and BER max for DVD-RAM as shown,in Table 2 (see Anhex C).

the recording performance is within Level 4, the disk is good enough tocontinue to be used

5k as soon as possible.

the recording performance is in Level 6, the data stored onythe disk shall be copied to and

ough in Level 6 to disable retrieval the data without uncorrectable errors.

ta migration flow for the initial performance test-afid periodic performance test is shown in

Table 2 — Category of recordingperformance at periodic performance test

the recording performance is within Level 5, the data stored on theZdisk shall be migrated tp another

ther disk

mediately, as far as the data can be retrieved, Please ndte that PI SUM 8 max and BER max are high

Figure 1.

DVD-R, DVD-RW,

Level Status DVD-RAM
+R, +RW
4 Use asitis <200 <71 x10-4
Migrate data
5 200 to 280 7,1 x 10-4to 1,0 ¥ 10-3
as soop-aspossible
6 Migratedata immediately > 280 >1,0 x 10-3

Recordjngperformance

o~ PI SUM 8 max. BER max.
indicator

©
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Figure 1 — Data migration flow for DVD-R, DVD-RW, DVD-RAM, +R, and +RW disks

6 Testlinterval

If estima

estimated lifetime, otherwise the disks should be checked every three years or less.

If the esti

Disks haying well defined characteristics that are stored under conditions described in Annex B, 3

carefully

satisfactdry longevity with-similar disks would encourage longer intervals between testing.

The occul

i @ Level 6: Migrate data

29121:2013(E)

» Level 3: Shall not use.

Pl Sum 8 max or Level 2: Should not use.

BER max

Test drive
Level 1: Recommend to use.
Initial
Data-arerecorded-and
performance test @ disk will be kept in certain environment.

>
>

©

immediately.

Level 5: Migrate 'data

Pl Sum 8 max or .
as soohn as possible.

BER max

Test drive

Periodic
performance test

» Level4: Use as itis.

Led lifetime of the disks is knowi,sthe test interval may be determined according to t

handled, and are‘read infrequently may require testing only every few years. A history

mated lifetime is given usingISO/IEC 16963, the disks should be checked according to Annex E
and Annex F.

w3l

re
of

'rence of rétrievability problems or long read times may indicate a need for immediate testi

g.

When tedts indicate deterioration of one disk, additional tests may be performed on other disks of the

same typ
considere

d-ifsuch additional tests indicate significant problems.

b, ageyor lot to ascertain their condition. Replacement of all similarly affected disks should pe

7 Prevention of deterioration

Necessary precautions shall be taken to reduce the possibility of deterioration, in orderto assure the integrity
of the disks during their use, storage, handling, or transportation. Causes of deterioration and their effects

are noted

in Annex A. For long-term storage, the recommendations in Annex B should be implemented.

Disks intended for long-term storage should not be left in readers, nor remain exposed to light, dust, or
to extremes of temperature or humidity.

© ISO/IEC 2013 - All rights reserved
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Annex A
(informative)

Causes of deterioration for DVD-R, DVD-RW, DVD-RAM, +R,
+RW disks

2013(E)
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A
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1 Deterioration

D-R, DVD-RW, DVD-RAM, +R, and +RW disks are composed of a recording layer and‘a reflec
terioration of the recording and reflective layers may occur in the following environments;

storage at high temperature and/or high humidity

storage under sun light or UV light

storage in a high density of corrosive gases (hydrogen sulfide, etcJ

storage in fluctuating environments (temperature change/humidity change, etc.)
addition, the laser incident surface may be damaged or ¢entaminated during use.

is deterioration will increase the error rate of disks:

2 Disk structure

D-R, DVD-RW, DVD-RAM, +R, and +RW disks comprise a recording substrate covered with

dreflective layers bonded to a dummy,substrate, for a single-sided disk, or another recording
" a double-sided disk. The angle between the two substrates is controlled to minimize d
sociated with changes in ambiefitjconditions. The adhesive material selected for bonding ¢

supstrates is selected to minimize stresses resulting from the bonding process.

D\
ad

A

Re
as

Re
an

(D-R and +R disks adopt. organic dye recording layers, whereas DVD-RAM, DVD-RW and +
opt inorganic phase-change recording layers.

3 Causes ofdeterioration

cording and-reflective layers may deteriorate during long-term storage in an extreme env
indicated in A.1 above.

cording layers may be degraded by corrosion, cracking, decomposition, etc. As a result, re
d‘quality of recording signals are degraded. Recorded marks may be also deformed during

Live layer.

recording
substrate
stortions
f the two

RW disks

ronment,

flectivity
ong-term

storage In such an extreme environment. In the case of phase-change disks, amorphous recor
may be partially crystallized at random, and then fluctuations of the rim and change of the reflectivity
of each mark may occur. Those phenomena result in reduction of the signal modulation or increase in the
jitter noise. In the case of dye-type disks, a recorded mark is formed with a change in refractive index
of the dye material or with physical deformation of the substrate material. On receiving environmental
stress, discoloring of the dye material or a relaxation of the physical deformation may occur. Those
phenomena also result in the reduction of signal modulation or an increase in jitter noise.

ed marks

Reflective layers may be degraded by corrosion, cracking, decomposition, etc. As a result, reflectivity
and the quality of recording signals are degraded.

As with all optical disks, small defects are allowed at the time of manufacture. Over along period of time,
under extreme environmental exposure, these defects may grow. The growth of defects as well as the

© ISO/IEC 2013 - All rights reserved
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deterioration of recording and reflective layers as mentioned above can be shown to follow Arrhenius
laws and this method can be used to confirm the predicted lifetime of DVD-R, DVD-RW, DVD-RAM, +R,
and +RW disks.

Storage in fluctuating environments may also degrade mechanical property, such as tilt, and axial or
radial runout.

Damage or contamination on laser-incident surface can obscure the recording layer and create dropouts
in the data. Additionally, particulate damage or contamination may cause transients in the servo signals
used by the drive to maintain focus and tracking to the required accuracy. One of the most-frequent
causes ofuncontrotHed—contamination—is—castat—cleaningof-disks—usinguapproved—rateriats—
procedurgs. Cleaning of disks should
in Annex[B.

only be carried out in accordance with the procedures containgd

A.4 Nature of deterioration

The operpting environment will determine the nature of the deterioration. In the case of disks used
in a librgry this environment is well controlled, however, operation of disks. 41, stand-alone drives
will potentially subject the disks to a wider range of contamination and enyvifehmental extremes.|ln
particulaf, disks left in uncontrolled storage may be subject to physical @btise or contamination [in
contraveption of manufacturers’ recommendations.

A.5 Effects of deterioration

The comlfination of beam obscuration and possible disturbarice)of the servo signals will be to generdte
a dropouf in the data reaching the decoder. While the Erfor Correction Code has a very high buyst
correctioh capability (6 mm maximum), a large dust particle may cause this capability to be exceededl.

A.6 Unexpected deterioration

For protection from unexpected serious deterioration of the disks, it is recommended to have a backip
system fdr the long-term data storage according to the characteristics and importance of the data.

8 © ISO/IEC 2013 - All rights reserved
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Annex B
(informative)

Recommendations on handling, storage and cleaning conditions

for DVD-R, DVD-RW, DVD-RAM, +R, and +RW disks

B

TH
t
oy

)

Di
re
ng

1 Handling

bether with the readout surface. It is recommended to handle the disk carefully, touching
ter edge and inner hole. It is strongly recommended not to touch the readoutsurface.

utralize static charges on the disk that can attract and retain loos€epntaminants.

e fragile protective coating on the label surface is vulnerable to damage and should be protected

only the

sks should be protected from dust and debris. This is especially imiportant for recordable and
writable disks during the recording process. The use of a deionizing environment is recommended to

B2 Storage
Far general storage such as in an office environment, it is recommended to limit the storage enylironment
to[the ranges given in Table B.1.
Table B.1 — Recommended conditions for general storage
Ambient Condition Recommended Range
Temperature 52Cto302C
Relative humidity 15 % to 80 %
Absolute humidity 1 g/m3to 24 g/m3
Atmospheric pressure 75 kPa to 106 kPa
Temperature'gradient 10 °C per hour maximum
Relative humidity gradient 10 % per hour maximum
If long-term storage‘is desired, the storage conditions should be more tightly controlled|and it is

re

commended to\limit the storage environment to the ranges given in Table B.2.

Table B.2 — Recommended conditions for controlled storage

Ambient Condition Recommended Range
Temperature 102 Ctg252C
Relative humidity 30 % to 50 %
Absolute humidity 3g/m3to 12 g/m3
Atmospheric pressure 75 kPa to 106 kPa
Temperature gradient 10 9C per hour maximum
Relative humidity gradient 10 % per hour maximum

There should be no condensation of moisture on the disk. Cool and dry storage condition is preferred.
To maintain the desirable temperature and humidity fluctuation tolerance levels, and to protect against
high intensity light and pollutants, storage of DVD-R, DVD-RW, DVD-RAM, +R, and +RW disks in clean

©
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insulated records containers is suggested. Dust or debris in operational or storage locations should be
minimized by appropriate maintenance and monitoring procedures, especially when recording disks.

B.3 Cleaning

Prior to performing cleaning operations of disks containing useful data, tests should be carried out on
disks of the same type and from the same supplier that do not contain any useful data, in order to ensure
that no adverse reaction will occur.

Loose conts a = short one bursts of clean dry airavoiding expu
of cold propellants. If the manufacturer has not supplied any cleaning information, organic pol§
substratg disks can be cleaned using a lint-free cloth of a non-woven fabric and either clean ar\soapy
water. It |s recommended not to use detergents or solvents such as alcohol. All wiping actjons shoyld
be in a radial direction, taking care not to exert isolated pressure or to scratch the disks.dt is strong
recommejnded not to use abrasives. It is recommended not to use acrylic liquids, waxes, ox.0ther coati
on eitherfsurface.

10 © ISO/IEC 2013 - All rights reserved
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Annex C
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Relation between BER and PI SUM 8

The byte error rate BER is the number of erroneous bytes divided by the total number of bytes. Because

th
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nere p denotes BER.

=208x8xNp;

e length of one code word of the inner code is 182, the probability of an erroneous innerd
i can be expressed as a binomial probability on the assumption that errors occur at randem

e number of PI errors in 8 ECC blocks Np;sg can be expressed by Formula (C.2) because the
e outer code word is 208, as shown in Figure C.1.
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Figure C.1 — Relationship between BER (p) and PI SUM 8
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Guideline for adjustment of the estimated lifetime to higher
stress conditions

In actual storage conditions, the temperature and relative humidity may deviate from 25 °C/50 %’RH,
which changes the estimated lifetime. In this case, the estimated lifetime at 25 °C/50 % RH should pe
adjusted fo the estimated lifetime at the actual storage conditions as described below.

According to ISO/IEC 16963, the estimated lifetime Bs Life, based on Eyring Method, is derived as follows.
By Life = exp (B + B, X, + B, X, — 1,646 ) (D|1)
where,
Bo=InA, By =AH/k, B, =B

X10and ¥o9  denote the temperature-dependent factor and the felative-humidity-dependent factor
at the Controlled storage condition (25 °C / 50 %RH) respectively.

A denotes the pre-exponential time constant
AH denotes the activation energy per moleciile
k denotes the Boltzmann constant

B denotes the RH exponential constant

Ifthe storaige temperature and humidity differ from 25 °C /50 % RH, Bs Life isreplaced with Bs Life(, ), which
willbe expressed by the following formiula, where mand n denote numerals representing the temperature apd
the relatiye humidity respectively. X1»/and X2, represent the temperature-dependent factor at temperatyre
m and the¢ relative-humidity-dependent factor at relative humidity n respectively in following equatiofs.
Bs Life in fhe Eq. D.1 can be also:described as Bs Life(, 0) in this Annex D applying Eq. D.2.

Bs Life(,, ) = exp (B By Xy, + ByXy, —1,646) (Df2)
Then, the pdjustment'coefficients normalized by Bs Life (Ad (m,n) = Bs Life(m,n) / Bs Life) are derived as follows.

Aglmb) 2 exp(By + By X + ByXy, —1,646) [exp(By + X o+ oK, —1,646)

= eXP(ﬁ1 (le - X10) + [}2 (XZn - Xzo)) (D.3)

Corresponding to the ISO/IEC 16963, an example computation of the adjustment coefficients Ag (m,n) for
the estimated lifetime Bs Life (Year) (Bs Life/24/365) is shown in Table D.1. It is calculated by changing
the temperature from 25 °C to 30 °C in unit of 1 °C and the humidity from 50 % to 80 % in units of 5 %,
under the condition that Bsg Life(Year) at the 25 °C/50 % RH is 1101 years and Bs Life (Year) is 887 years.

Table D.1 shows that the estimated lifetime shortens abruptly when the storage conditions become more
severe than 25 °C/50 % RH even in the recommended conditions for general storage shown in Table B.1.
For example, the estimated lifetime at the storage conditions of 30 °C/80 % RH shortens by about 1/6

12 © ISO/IEC 2013 - All rights reserved
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compared with that of 25 °C/50 % RH. Therefore, careful consideration should be given to the actual
storage conditions.

In addition, in order to calculate the adjustment coefficients for a disk, the estimated lifetime of the
population to which the disk belongs and the estimation values of the coefficients based on the Eyring
method are needed. Except for the case where life estimation using ISO/IEC 16963 is performed, it is
recommended to inquire of the disk manufacturer as to the adjustment coefficients of the disk.

Table D.1 — - Adjustment coefficients for the estimated lifetime (calculated by using the test
data of Annex B of ISO/IEC 16963)

n 0 1 2 3 4 5 6
m 50 % RH 55 % RH 60 % RH 65 % RH 70 % RH 75 % RH 80 % RH
0 25°C 1,00 0,86 0,74 0,64 0,55 047 0,41
1 26 °C 0,84 0,72 0,62 0,54 0,46 0,40 0,34
2 27 °C 0,70 0,61 0,52 0,45 0,39 0,33 0,29
3 28°C 0,59 0,51 0,44 0,38 0,38 0,28 0,24
4 29°C 0,50 0,43 0,37 0,32 0;27 0,24 0,20
5 30°C 0,42 0,36 0,31 0,27 0,23 0,20 0,17

© ISO/IEC 2013 - All rights reserved
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Calculation for Bpjg Life using Bsg Life and Bs Life

ISO/IEC 16963 defines the estimated lifetime of optical disks as Bsg Life, Bs Life and 95 % lower

confidend
failure. T
lifetime,

retain the

In the ca
time at W
determin,
the lifetin
can be ca

Accordin

In Bp

Where, 7

25°Cand 50 % RH
(

Using Eq

e bound of Bs Life (= (Bs Life)r). The estimated lifetime of Bs Life means 5 % of products rea
herefore, from the viewpoint of reliability, it is not appropriate to use Bs Life as the estimat
when determining a test interval and deciding on data migration, for long-term stprage
integrity of original data.

e of data migration, it is necessary to have low enough failure probabilityoTherefore, t
hich one millionth products reach their time to failure is used as the estimated lifetime
P the test interval or migration interval in this standard. B 0o 1 Life is/0,600 001 quantile
he distribution (i.e. 0,000 1% failure time) and defined as Bnig Life in thi$ standard. Bnig L
culated using Bsg Life and Bs Life as follows:

> to ISO/IEC 16963, In B , isgivenasEq. (E.1)

= Bo + BiX1g + ByXag 211000 (E

denotes percentile OfN(O,GZ) and {xqq,X,0}~8enotes the Controlled storage conditi

(E.1), In é0.0001 which is the estimated lifetime with the failure probability of one millionth i

ich
ed
to

he
to
of
fe

1y

given by Eq. (E.2). The estimated lifetime with the failure probability of one millionth corresponds|to
4,75 o provided the distribution is normal.

In By boo1 = Bo + BiX1g + ByXyg ~4.756 =In By, — 4,756 (Ef2)
On the other hand, In 35 is given by Eq. (E.3)

In By = By + B1x, + ByXsy — 1,646 =In By — 1,646 (E[3)
Putting Bfsg Life andBs Life into Eq. (E.2) and Eq. (E.3)

] A ) A In 350 —In ES

By go4 1LAf€= exp (In By — 4,756 ) = exp| In By - 475 ==

= exp(2,9In By —1,9In By ) (E4)
Thus

B yglife = By ggq 1 Life = exp (2,9 n By —1,9 In By )

For example, Annex B of ISO/IEC 16963 gives the data of Bsg Life and Bs Life.

Bs Life=1101years(=9 648593 hours)

14

(E.

5)
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In B, =In (9 648 593) = 16,082 3
Bs Life =887 years(=7 770875 hours)
In B, =1n (7 770 875) = 15,865 9

Bmig Life is calculated by substituting these values to equation (E.5).

B yiglife = exp (2,9 In By —1,9 In Byg) = exp (2,915,865 9~ 1,9% 16,082 3)

=5151199 hours =588 years

© ISO/IEC 2013 - All rights reserved
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Guideline of test interval and migration

This Annex describes guidelines for choosing the test interval and performing data migration both for

disks whose lifetime is estimated and known and for disks whose lifetime is unknown.

Accordin
specified
long enoy

However
and/or af
Moreover
safety. In
and this v

The migr

In Annex
Life: 0,00
the perio
intervals

three yealrs or less. In this case the test is recommended\to'be limited twice.

If the test

F1 Te:

1) Inca
Level

a) 1
S

b) 1

=

2) Inca
data

c I

b to this standard, optical disks are periodically tested and when disks errors exceed t
values in Table 2, data migration is carried out. Therefore, if the estimated lifetime of'disks
gh, the migration interval of disks can also be increased.

if generational changes of the system, including reading devices, and/or_the tile structuy
plications, occur during the migration interval, the stored data may not\be easily retrievg

consideration of these factors as stated above, the migration intervalisidefined as X mig (yea
alue is determined by use of this standard.

htion interval X mig may be also applied even if the estimated lifetime of disks is unknown.

E, the estimated lifetime for test interval and data migration is defined as Bnjg Life (=Bo.00
0 1 % failure time). A half of B mig (hereafter B nmig {years)) is set as the test interval, a
ical performance test (PP test) is carried out. Aftertwo times of PP test, which means tg
reach to B nig, in case the test result is equal to.hével 4 in Table 2, next test interval is set

5t interval and data migration

e the initial performance test resultis equal to Level 1 (Recommended) in Table 1. ( Other th
1, should not be used or shall not be used)

[ X mig - Bmig /2 is greater'than 0, test interval of the first periodic performance test (PP te
hould be set to Bpijg- /2!

F X mig - Bmig /2-isJess than or equal to 0, test interval of the first PP test should be set to X pf
ata migration should be carried out at the first PP test in spite of the test result.

e the PPtest result of a) is equal to Level 4 (Use as it is) in Table 2. ( Other than Level 4, migr4
hs soo1ras possible or migrate data immediately)

[ Xnig - 2%Bmig /2 is greater than 0, test interval of the second PP test should be set to Bpig

he
S

—n

es
d.

if the stored data has high value, the user might like to migrate aftera’shorter interval for

15)

) 1
hd

st
to

interval islong, itis recommended to carry.out sampling check of the disks in appropriate timinpg.

5t)

ig-

te

2.

d) If X mig - 2xBmig /2 is less than or equal to 0, test interval of the second PP test should be set to
X mig- Data migration should be carried out at the second PP test in spite of the test result.

3) In case the test result of c) is equal to Level 4 (Use as it is) in Table 2. ( Other than Level 4, migrate
data as soon as possible or migrate data immediately)

e) In case of X mig - 2xBmig /2 - 3 is greater than or equal to 0, the test interval of the third PP test

S

16

hould be set to three years.
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