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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
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ps collaborate in fields of mutual interest. Other international organizations, governmental and. ho
ntal, in liaison with ISO and IEC, also take part in the work. In the field of information technolagy;’ IS
ave established a joint technical committee, ISO/IEC JTC 1.

hal Standards are drafted in accordance with the rules given in the ISO/IEC Directives; Part 2.
task of the joint technical committee is to prepare International Standards. Draft Internation
5 adopted by the joint technical committee are circulated to national bodies for voting. Publication

tional Standard requires approval by at least 75 % of the national bodies casting a vote.

is drawn to the possibility that some of the elements of this documentimay be the subject of pate
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811-7 was prepared by Joint Technical Committee ISOMNEC JTC 1, Information technolog

Subcomnpittee SC 17, Cards and personal identification.
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Introduction

:2004(E)

This edition is new and was prepared by JTC 1/SC 17/WG1 Physical characteristics and test methods for ID
cards. Portions of this International Standard are identical to ISO/IEC 7811-2 and ISO/IEC 7811-6, however
the user is encouraged to review the entire International Standard. The major differences between this
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The bit density has increased from 8,27 bits/mm (track 1,3) and 2,95 bits/mm (track 2) to 40 bits/
tracks which results in 234 bytes of user data per track for an ID-1 size card.

| The encoding technique referred to as MFM is used in place of F2F. This change douibles the da

density for the same minimum transition spacing with only a small reduction in the self-clocking ab

The 3 tracks have been replaced by 6 tracks that are approximately half the width so that they o
same space on the card. These are located so that readers designed to read the high density
also be able to read cards conforming to ISO/IEC 7811-2 and ISO/IEC 781\1-6.

| Data is distributed in frames with synchronisation characters to aid in error recovery, and there is

each frame and a track CRC. Data recorded on each track is independent from other tracks (error
and correction for each track is on the same track), even though it-may be only part of the messg
card.

| Error detection and correction is included using a shortened Reed-Solomon code. The amour

correction is fixed for all card sizes.

6. The magnetic stripe area extends completely to theAgft and right edge of the card.

7| In Table 1, test density values have changed, the resolution requirement has changed from 0,7 {

test for Waveform has been deleted, and Overiwrite has been added to the requirements.

| The maximum coercivity in Table D.1 of.informative Annex D has been changed from 335 kA/m

to 250 kA/m (3125 Oe).

btes in this International Standard.are only used for giving additional information intended to as

uderstanding or use of the standard and do not contain provisions or requirements to which it is ne

nform in order to be able to-elaim compliance with this standard.
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part of ISO/IEC 781"

Scope

defined in the definitions clause and the use of such cards for international.inferchange.

his part of ISO/IEC 7811 specifies requirements for a high coercivity magnetic stripe (including any
erlay) on an identification card, the encoding technique and coded character sets. It takes into con
th human and machine aspects and states minimum requirements.

bercivity influences many of the quantities specified in this<art of ISO/IEC 7811 but is not itself
ne main characteristic of the high coercivity magnetic stripe is its improved resistance to erasur
hieved with minimal probability of damage to other“magnetic stripes by contact while retai
mpatibility with magnetic stripes as defined in ISO/IEC7811-2.

his standard provides for a card capacity ofvapproximately 10 times that of a card confi
O/IEC 7811-6. The number of tracks has been increased to 6, each track being approximately half
tracks conforming to ISO/IEC 7811-6, located so that readers designed to read these high density

ing the MFM encoding technique.;Data framing is used to limit error propagation and error
chniques further improve reliabilitylofi reading.

is the purpose of this series-af:standards to provide criteria to which cards shall perform. No consig
ven within these standards-to the amount of use, if any, experienced by the card prior to test.
nform to specified criteria should be negotiated between the involved parties.

O/IEC 10373-2 speeifies the test procedures used to check cards against the parameters specif
DTE Numeric values in the S| and/or Imperial measurement system in this part of ISO/IEC 7811 may

unded off\and therefore are consistent with, but not exactly equal to, each other. Either system may be us
0 should'not be intermixed or reconverted. The original design was made using the Imperial measurement sy

nis part of ISO/IEC 7811 is one of a series of standards describing the characteristics for identification cards

protective
sideration

specified.
e. This is
ning read

brming  to
the width
tracks will

50 be able to read cards conforming to ISO/IEC 7811-2 and ISO/IEC 7811-6. Data is encoded in § bit bytes

correction

leration is
Failure to

ed in this

have been
bd, but the
stem.

2

Conformance

A prerequisite for conformance with this part of ISO/IEC 7811 is conformance with ISO/IEC 7810. An
identification card is in conformance with this part of ISO/IEC 7811 if it meets all mandatory requirements
specified herein. Default values apply if no others are specified.

©
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3 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO/IEC 4287-1, Surface roughness — Terminology — Part 1: Surface and its parameters

ISO/IEC 7810, Identification cards — Physical characteristics

ISO/IEC 1

ISO/IEC 1

0373-1, Identification cards — Test methods — Part 1: General characteristics tests

0373-2, Identification cards — Test methods — Part 2: Cards with magnetic stripes

4 Terms and definitions

For the {
following

41

urposes of this part of ISO/IEC 7811, the terms and definitions given in4SO/IEC 7810 and t
apply.

primary standard

set of re
represent

4.2

seconda
reference|
certificate

NOTE
Bundesallg
2005.

4.3

unused |
card posq
personali
hour expq
experiend

4.4

ference cards established and maintained by Physikalisch-Technische Bundesanstalt (PTB) th
the values of Ug and I designated RM7811-7

'y standard
card designated RM7811-7 that is related to the primary standard as stated in the calibrati
supplied with each card

Secondary standards can be ordered from_Physikalisch-Technische Bundesanstalt (PTB), AG. 2.52

n-encoded card
essing all the components required for its intended purpose, which has not been subjected to a
ration or testing operation,”and which has been stored in a clean environment with no more than 4
sure to day-light at temperatures between 5 °C to 30 °C and humidity between 10 % to 90 % withg
ing thermal shock

unused gncoded card

card acc(
magnetic

rding te~473 that has only been encoded with all the data required for its intended purpose (e
encoding, embossing, electronic encoding)

ne

at

pn

be 100, D-38116 Braunschweig, Germany.\The source of secondary standards will be maintained at least until

ny
18
ut

4.5
returned

card

card according to 4.4 after it has been issued to the card holder and returned for the purpose of testing

4.6

flux transition

location o

f the greatest rate of change with distance of the magnetization

© ISO/IEC 2004 — All rights reserved
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4.7
reference current

Ir

ISO/IEC 7811-7:2004(E)

minimum recorded current amplitude under the given test conditions that causes, on the reference card, a
readback signal amplitude equal to 80 % of the reference signal amplitude Ug at a density of 20 flux

transitions per millimetre (508 flux transitions per inch) as shown in Figure 6

4.8
reference flux level

Fr

flyx level in the test head that corresponds to the reference current g

e
test recording currents
two recording currents defined by:

I min= Recording current corresponding to 2,2 fFp
I max = Recording current corresponding to 2,5 Fp
410
individual signal amplitude
U
base-to-peak amplitude of a single readback voltage signal
4111
ayerage signal amplitude
Uh

for a given track over the length of the magnegtic stripe area

412
rdference signal amplitude

Ur

413
physical recording density
némber of flux transitions per unit length recorded on a track

414
bit density
nymber ef-data bits stored per unit of length (bits/mm or bpi)

415

sym of the absolute values of the amplitude of each signal peak (U;) divided by the number of signal

m@aximum value of the average.signal amplitude of a reference card corrected to the primary standard

bitcett
distance for a data bit nominally the reciprocal of the bit density (see Figure 8)

4.16
average bit cell

Ba

peaks (n)

product of bit cell length and sum of the actual distances for all flux transition intervals on a track divided by the

sum of the nominal distances for all flux transition intervals on the track

© ISO/IEC 2004 — All rights reserved
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417
local average bit cell

Bag

comparison reference for a given flux transition interval equal to the nominal L1 distance multiplied by the sum
of the actual distances for the previous six flux transition intervals divided by the sum of the nominal distances
for the previous six flux transition intervals (L1 * (£ actual)/(Z nominal))

4.18
demagnetization current

la
D C currgnt value that reduces the average signal amplitude to 80 % of the reference signal amplitude (Ug) on

a secondary reference card that has been encoded at a density of 40 ft/mm (1016 ftpi) at a current of'/ .

419

Lq
short distance between adjacent flux transitions nominally equal to 1 times the bit cell

4.20
L,
medium distance between adjacent flux transitions nominally equal to 1,5 times the bit cell

4.21

L3
long distance between adjacent flux transitions nominally equal to"2'times the bit cell

4.22
FSC
frame syrjchronization character

4.23
CRC
cyclic redundancy check

4.24
CcP
column parity

4.25
Ur

magnitude of the individual element at 20 flux transitions per mm frequency of the Fourier spectrum for a givén
track over the length of the magnetic stripe area

5 Physiecal characteristics of the identification card

The identification card shall conform to the specification given in ISO/IEC 7810.

WARNING — The attention of card issuers is drawn to the fact that information held on the magnetic
stripe may be rendered ineffective through contamination by contact with dirt and certain commonly
used chemicals including plasticizers. It should also be noted that any printing or screening placed
on top of the magnetic stripe must not impair the function of the magnetic stripe.

4 © ISO/IEC 2004 — All rights reserved
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5.1 Magnetic stripe area warpage

Application of a 2,2 N (0.5 Ibf) load evenly distributed on the front face opposite the magnetic stripe shall bring
the entire stripe within 0,08 mm (0.003 in) of the rigid plate.

5.2 Surface distortions

There shall be no surface distortions, irregularities or raised areas on both the front and the back of the card in
the area shown in Figure 1 that might interfere with the contact between the magnetic head and magnetic

stripe.

Dimensions in millimetres(inches|)

2,54 (0.100)
maximum

Top reference edge
T

Distortion-free
area

i i

19,05 (0.750)
minimum

Figure 1 — Distortion-free area on card with magnetic stripe

If|a raised signature panel @rea is located on the front or back of the card, then it shall be no closer|to the top
edge of the card than 19;05.-mm (0.750 in).

NOTE Raised aréas* and distortions on other areas of the card may cause card transport problems with magnetic
stfipe processing equipment resulting in reading or writing errors.

© ISO/IEC 2004 — All rights reserved 5
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6 Physical characteristics of the magnetic stripe

6.1 Height and surface profile of the magnetic stripe area

The magnetic stripe area is located on the back of the card as shown in Figure 2.

Dimensions in millimetres (inches)

o A (0. 240N\
T, IF \U-ZT0)

max

/Top reference edge l

l 4 \

M

q

nimum magnetic Magnetic stripe area t a
stripe width (W)

6.1.1 Surface profile of the magnetic stripe area

The max
below. S¢g

When thd
limits are]

i i

\. J/

11,89 (0.468) min
15,95 (0.628) min

For use of tracks'\H1 to H3: a
For use of tracks H1 to H6: a

Figure 2 — Location of magnetic material

mum vertical deviation (a)of\the transverse surface profile of the magnetic stripe area is shoy

<

le

When the
limits are:

e Figures 3, 4 and 5. Theslope of the surface profile curve shall be limited to: -4a/W < slope < 4a/W.
bending stiffness value (see ISO/IEC 7810) for the card is 20 mm or more then the surface prof
Minimum stripe width As shown in Figure 3A As shown in Figure 3B
W = 6,35 mm (0.25 in) a<9,5um (375 pin) a<5,8 um (225 pin)

W = 10;28 mm (0.405 in) a<15,4 um (607 pin) a<9,3 um (365 pin)
bending stifness value (see ISOUJIEC 7810 for the card IS less than 20 mm then the surface prot
Minimum stripe width As shown in Figure 3A As shown in Figure 3B
W =6,35 mm (0.25 in) a<7,3 um (288 pnin) a<4,5um (175 pin)

W = 10,28 mm (0.405 in) a<11,7 um (466 pin) a<7,3 um (284 pin)

le

© ISO/IEC 2004 — All rights reserved
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Efa [ |

— |

S

Figure 3 — Surface profile

\’/

Permitted Not permitted

Abrupt drop

Permitted Not permitted

Figure 4 — Surface profile examples

N1

Irregular profiles as shown may result in poor quality encoding.

Figure 5 — Irregular surface profile examples

6.1.2 Height of the magnetic stripe area
The vertical deviation (h) of the magnetic stripe area relative to the adjacent surface of the card shall be:
-0,005 mm (- 200 pin) < h < 0,038 mm (1500 pin)

Spiking in the profile caused by the material “squirt out” in hot stamping is not part of the stripe. It shall not
extend above the magnetic stripe area height (h) as defined above.

© ISO/IEC 2004 — Al rights reserved 7
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6.2 Surface roughness

The average surface roughness (R,) of the magnetic stripe area shall not exceed 0,40 pm (15.9 pin) in both

the longi

tudinal and transverse directions. Refer to ISO/IEC 4287 Part 1.

6.3 Adhesion of stripe to card

The stripe shall not separate from the card under normal use.

6.4 Wear of magnetic stripe from read/write head

Average

cycles ang shall result in:

6.5 Resistance to chemicals

Average

Average

exposure| (24 hours) to acid and alkaline artificial perspiration, as defined in the referenced Test Meth
document.

7 Performance characteristics for the magnetic material

The purppse of this section is-to/enable magnetic interchangeability between card and processing system

Media c
clause 7

7.1 Geheral

signal ampplitude results from the use of the secondary reference card must be corrected by the factor suppli

with the secot |da|y reference—card:

This metTod us€s a reference card whose material is traceable to the primary standard (see Clause 4).

signal amplitude (U,) and individual signal amplitude (U;) are measured before and after,2 000 we

UA after > 0,60 UA before and Yy > 0,80 UA after

i after

UA after > 0,90 UA before and Y > 0,90 UA after

i after

UA after > 0,90 UA before and Y 0,90 UA after

i after 2

oercivity is not specified. The media's performance criteria, regardless of coercivity, is specified
3.

signal amplitude (U,) and individual signal amplitude (U;) are measgtred before and after short tefm
exposure|(as defined in the referenced Test Method document) shall resultdn:

signal amplitude (U,) and individual signal amplitude (U;) are measured before and after long tefm

ar

bd

in

Al
bd

7.2 Testing and operating environment

The testing environment for signal amplitude measurements is 23 °C + 3 °C (73 °F £ 5 °F) and 40 % to 60 %
relative humidity. When tested under otherwise identical conditions, the average signal amplitude measured at
40 ft/mm (1 016 ftpi) shall not deviate from its value in the above test environment by more than 15 % after
5 minute exposure over the following operating environment range:

temperature -35°C to 50 °C (-31 °F to 122 °F)

relative humidity 5% 10 95 %

© ISO/IEC 2004 — All rights reservi
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7.3 Signal amplitude requirements for magnetic media

The requirements for recording characteristics of the card are shown in Table 1, and Figures 6 and 7. The
media’s performance requirements specified in section 7.3 shall be met in order to achieve improved
resistance to erasure, and to enable magnetic interchange between card and processing systems. The
properties in Annex D are intended as guidelines for magnetic material. Annex D is informative and shall not
be used as performance criteria for cards.

Table 1 — Signal amplitude requirements for unused unencoded cards

Description Density Test recording Signal Requirement

ft/mm (ftpi) current amplitude result
Pignal amplitude 20 (508) Imin Ua1 0,8 Ur<Un1<1,2UR
Pignal amplitude 20 (508) Imin Ui Ui1 <1,26 Ur
Pignal amplitude 20 (508) Imax Un2 Up2 > 0,8 Ur
Pignal amplitude 40 (1016) Imax Uio Uip > 0,65 URr
Resolution 40 (1016) Imax Unas Ua3z > 0,8 Up2
Erasure 0 Imin, DC Uaz Ua4 <0,03 Ur
Extra pulse 0 Imin, DC Uia Uis <0,05 URr
[Demagnetisation 0 lq, DC Unas Uas > 0,64 Ur
[Demagnetisation 0 lq, DC Uis Uis > 0,54 URr
Dverwrite 20 (508) Imax Urs Ur7 <£0,03 Urs

40 (1016) Irnify Ur7

The slope of the saturation curve shall never be positive between /.. and /..
It is not permissible to combine the above requirements mathematically.

NOTE The density of 20 fipmm converts to 508 ftpi in this standard and to 500 ftpi in ISO/IEC 7811 part 2 pnd part 6.
These 2 are not different in principle~T0 ensure compatibility at the higher recording density the mor¢ accurate
cgnversion is used in this part of the standard.

A
i Ua1
130 / Uno
Readback 120
voltage
(%UR) 100 —.. o
80
60— vvvvvvvvvvvvvvvvvvvvvvvvvvvvvv Example curve|
40— Reference card curve
¢ ~ corrected to the primary
20— standard
IR Imin Imax Recording current

Figure 6 — Saturation curve example showing tolerance area

NOTE The curve defines the primary standard response (on a card). The window parameters define a card that will
be functional in the machine readable environment.

© ISO/IEC 2004 — All rights reserved 9
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flux transitions flux transitions

base line

NVARVA

flux transitions flux transitions

Figure 7 — Waveform example

10 © ISO/IEC 2004 — All rights reserved
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8 Encoding technique

The encoding technique for each track shall be Modified Frequency Modulation (MFM) recording for which the
conditions are:

-a flux transition shall be written at the centre of each bit cell containing a ONE,

-a flux transition shall be written at each cell boundary between adjacent bit cells containing ZEROS.

SeeFigure 8-
t t t t t t t t t t t
| | | | | | | | | | |
0 0 0 0 0 0 0 0 0 ol
1 1 1 4 1 1 1 1 1 1
60" o 1 0 1 1 1 o . 0 1
13— P

t, indicates bit cell boundaries
Figure 8 — Examples of MFM encoding
The data shall be recorded as a synchronous sequence of characters without intervening gaps.
NOTE 1 Recording with a write current which is less than Imin may result in poor quality encoding.

NOTE 2 MFM is the same as the FM technique described in ISO/IEC 7811-6 except that clocking flux transitions for 1
bits have been removed. This results in a loss of some of the self-clocking feature with FM encoding and requires more
accuracy for flux transition intervals. With this technique there may not be a flux transition at the bit cell boundary.

© ISO/IEC 2004 — All rights reserved 11


https://standardsiso.com/api/?name=bd21048ca1369dbdff4ec8322dfd6dd9

ISO/IEC 7811-7:2004(E)

9 Encoding specification

9.1 Angle of recording

The angle of recording shall be normal to the nearest edge of the card parallel to the magnetic stripe with a

tolerance of + 20 minutes. The angle of recording («) is determined by measuring the angle of the head gap
when the reading amplitude is maximum (see Figure 9).

Top reference edge \ w:gm + 20’

l\Back of card \
encoseataoc \ | ||| | [[[ [ [I] | | [I| | [

Magnetic stripe \—\’x

width

Figure 9 — Angle of recording

9.2 Nominal bit density

The nomihal bit density for each of the-tracks shall be 40 bits/mm (1016 bpi).
9.3 Flux transition spacing)variation

Flux trandition spacing variations for all tracks are given in Table 2.

Table 2 — Flux transition spacing variation

Term Description Requirement Variation

By Average bitcett 23 M (906 i)y < B < 25,3 QI (994 i) =8~ %to+1+%

Ba6 Local average bit cell 0,92 By < Bgg < 1,08 By +8 % of By

Lq Short interval 0,80 Bgp < L1 < 1,20 Bgg + 20 % of Bap

Lo Medium interval 1,30 Bgp < Lo < 1,70 Bgg +13.3 % of 1,5B36

L3 Long interval 1,80 Bgp < L3 < 2,25 Bgp + 10 % of 2B56
12
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4 Signal amplitude requirements

The requirements for signal amplitude on all tracks shall be as follows:

:2004(E)

Unused encoded cards: 0,64 Ur < Ui<1,36 Ur
Returned cards: 0,52 Ur £ U;<1,36 UR
NOTE The requirements above specify the interchange signal amplitude limits for each of the encoded track

locations at the specified bit densities. Signal amplitude requirements specified in Table 1 reflect the magnetic media

lin

9

D

U
le
nq

tracks. The general process for structuring of the data is shown in Table 3, see also Figure 11.

Its at the specified recording Trequency and recording test currents.

5 Bit configuration

hta shall be recorded with the least significant bit (2°) first.

6 Direction of recording

e encoding shall begin from the right-hand side viewed from the side with\thé magnetic stripe an
Fipe at the top.

7 Leading and trailing clock bits
he lead-in up to the first FSC shall be recorded with ones<@hd the space after the last FSC shg

corded with ones. Ones encoded from the edge of the card to 3,30 mm (0.130 in) in from the eq
rd are not required to meet the specifications given herein:

D Data structure
ser data to be written on the card shall bexdivided among the tracks used. Each track used shall be

hgth depending on the type of card used-requiring the user data to be padded with binary zero byte
t fill the the available space on the\track(s) used. Data structure on each track is independen

Table 3 — Data structure process steps

d with the

Il also be
ge of the

of a fixed
5 if it does
t of other

Step | Process

1 Determine’niimber of tracks needed based on data capacity for card type used

2 Divide'eard data into data for each track and pad end of card data with binary zero bytes if

necéssary such that all frames on every track used are filled. Padding may be done before ¢
onto tracks or after. More error correction is obtained if data is divided equally among the trg
used and then each track padded.

ividing
cks

Generate CRC for track data and append to end of track data

Divide track data into frames

Generate Reed-Solomon column parity

Add frame ID number

Generate CRC for each frame

0| N|OoO|Oo| MW

string, and add FSC’s

Arrange for writing on card: add lead/trail clock transitions, convert frame ID from 8 bit to 5 bit

NOTE

applications.

©
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10.1 Track format

10.1.1 Track layout

Each track shall consist of leading clock transitions, a FSC, data frames each separated by a FSC, a FSC, and
trailing clock transitions as shown below.

Leading clock transitions

ESC

10.1.2 F$C

The FSCl|is used to determine direction“and identify the edge of the data frame. A FSC shall occur before a
after each data frame but only 6ne"FSC shall occur between adjacent data frames. The FSC has t

Frame identifier 1

Data

Frame CRC

FSC

Frame identifier 2

Data

Frame CRC

FSC

Frame identifier 3

Data

Frame CRC

FSC

FSC

Frame identifier 18

Data

Frame CRC

FSC

Trailing clock fransitions

representation shown in Figure 0,

first

transition

;

hdjacent

last
transition

|

nd
he

adjacent

bit

L3 L4

FSC

14

direction of recording

Figure 10 — FSC representation

Ly

bit

L3

v
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NOTE

ISO/IEC 7811-7

:2004(E)

The FSC occupies a space of 7,5 bits and is a series of flux transition intervals where the edges are like 1 bits

(transition in middle of bit boundary). It is not a series of 1 and 0 bits since this pattern of flux transition intervals is unique
and will never occur with MFM encoding rules. Therefore, the FSC can be found even if character synchronisation within
the data frame has been lost, and synchronisation begins with the next data frame.

10.1.3 Data frame

Data frames shall consist of a frame number, data and a frame CRC character. The number of frames per
track shall be 18.

1*.1 .3.1  Frame identifier

E
Cq

reading, the frame identifier shall be represented as an 8 bit string.
10.1.3.2 Data
Data shall be represented in 8 bit bytes and shall be user data, column (parity, or track CRC inform

C4
C4

N
FS

10.1.3.3>~Frame CRC character

emcoding. When performing data operations prior to writing on the card or during the!decoding pro

hch data frame shall be identified with a 5 bit character representing a number. Frames shall be
nsecutively starting with 1 for the frame nearest the start of encoding and ending with,18 nearest

pacity and number of bytes per frame depends on the card size and:shall be as shown in Table 4
rd size all the amounts are fixed (no variable lengths).

Table 4 — Track capacity

Card type ID-1 ID-2 ID-3
Frame data capacity (bytes per frame) 17 22 28
Frame size (bits per frame) 156,5 196,5 244.5
Track data capacity (bytes'per track) 306 396 504
Track size (bits pertrack) 2824,5 | 3544,5 | 4408,5
Column parity (bytes) 68 88 112
Track CRG-(bytes) 4 4 4
User data capacity (bytes) 234 304 388

DTE The dser’data capacity shown in Table 4 is based on the amount of error correction used. Frame 3
BC+Frame ID#(bytes per frame*8)+CRC. Track size equals (bits per frame*18)+FSC.

humbered
he end of
cess after

ation. The
For each

ize equals

E

hoel fraoma chall inalAA ~AnA

Q hit OCDC ~charantayr
OOt

o o oo T Tiorott-OrmTc—O— o1t T o CroaraGtoT

10.2 Coding for error detection and correction

Track data shall be located in frames as shown in Figure 11 where N is 2 plus the number of bytes per track
as specified in Table 4. When written on the card, byte 1 of frame 1 is nearest the start of encoding and byte N

of

©

frame 18 is nearest the end of encoding (left to right, top to bottom).
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Byte .
1 2 [3]a] N5 | N4 [ N3 [N2[N1]| N
Frame | Data area CRC
ID
1 |cplceplecr | cP[cp|cp|cp|cp| cre
2 |cplcplcpr | cP [cp|cp|cp|cp]|cre
3 |cplcp|cp| cp[cp|cp|cp|cp]| crec
4 |cplcplcp| CP|CP|CP|CP|CP|CRC,
5 Data|Data|Data| Data | Data | Data | Data | Data| CRCs
6 Data|Data|Data| Data | Data | Data | Data | Data | CRGCj
7 Data | Data | Data| Data | Data | Data | Data | Data | CRC;
8 Data|Data|Data| Data | Data | Data | Data | Data’| “CRCg
9 Data|Data|Data| Data | Data | Data | Data | bata | CRC,
10 Data | Data | Data| Data | Data | Data | Data|'Data | CRC1q
11 Data | Data | Data| Data | Data | Data |.Data | Data | CRC4
12 Data | Data | Data| Data | Data | Data\|Data | Data | CRC;,
13 Data | Data | Data| Data | Data {-Data | Data | Data | CRC13
14 Data | Data | Data| Data | Data | Data | Data | Data | CRC4
15 Data | Data | Data| Data¢{"Data | Data | Data | Data | CRCs
16 Data | Data | Data| Daté’'| Data | Data | Data | Data | CRC1g
17 Data | Data | Data| Data | Data | Data | Data | Data | CRC4;
18 Data | Data | Data ::::: Data Track CRC CRCys

Figure 11 <~ Track data structure
NOTE The frame CRC character is used for érror detection and column parity is used for error correction.
10.2.1 Track CRC

The track| shall include a CRC ¢omprised of four 8 bit bytes generated as follows and added to the end of the
track datg. Highest order termi-for track CRC shall be in byte (N-4) frame 18.

CRC =[x tM(x)] mod g(x) ‘over GF(28)

where:

M(k)= \ all user data for the track in polynomial form (length depends on card type used). Highest ordler

9(x) = (x-a)( x-a2)( x-0)( x-c.") = generator polynomial for the track CRC
GF(28) = afinite Galois field of 256 different 8 bit binary symbols generated by a primitive polynomial
p(x) =1 +x2+x3+x4+x8

X = bit at position i

NOTE 1 The track CRC will allow the detection up to 4 errors with a probability of 1. For more than 4 errors the
probability of detecting errors is equal to 1-1/(256)4.

16 © ISO/IEC 2004 — All rights reserved
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. . 4 . . .
NOTE 2 The track CRC is the remainder of x M(x) divided by g(x) using modulo operations. For more than 251 bytes of
data, the CRC is technically not a cyclical check, it is a simple redundancy check although it is generated in the same
way.

NOTE 3 Published tables exist showing the bit representations for the corresponding power for o for GF power of alpha
corresponds to the number so that the term alpha raised to it's power is a unique bit pattern (8bit binary string). Each byte
of the user data needs to be converted from 8 bit binary into the corresponding power of o before carrying out the modulo
operation. The term x is used to denote the position of the bit in the string for example, X% in the track data would be the
third lowest order byte.

16.2.2 Column parity

Cplumn parity shall be generated for each column of byte information across all user data frames or} the track
uging a shortened Reed-Solomon code RS(255-237,251-237), also called RS(18,14). Highest order term for
track CP shall be in frame 4 and lowest order term shall be in frame 1.

CP = [x*M(x)] mod g(x) over GF(2%)

where:

M(x) = user data for a column from frame 5 to frame 18 in%polynomial form (length is fixed at 14).
Highest order term is in frame 18 and lowest order term’ in frame 5. See Figure 11.

9X) = (x-a)( x-a2)( x-0)( x-a*) = generator polynomiatfor the Reed-Solomon CP

GF(28) = a finite Galois field of 256 different 8 bit binary.symbols generated by a primitive polynomial

2 4
p(x)=1+Xx +x3+x +x8

x = bit at position i
NOTE 1 The CP will allow the correction up te~4 “erasures” with a probability of 1. More than 4 “erasures”|on a track

cgdnnot be corrected. The term “erasure” is used\in RS codes and denotes an area is not readable, the decodipng process
then treats that sector as “erased” or not there:

. . 4 . . .
NDTE 2 The CP is the remainder of x M(x) divided by g(x) using modulo operations. The term “shortened” before
R¢ed-Solomon means that there ‘are* higher order terms with a value of 0 (237 in this case) which do not need to be
cgnsidered in modulo operations.

NOTE 3 This code results jn 100 %*4/18 = 22.2 % error correction overhead.

10.2.3 Frame CRC

The frame shall'include a CRC comprised of one 8 bit byte generated as follows and added to the ¢nd of the
frame data.

CRE =[xM(x)] mod g(x) over GF(2%)

where:

M(x) = user data for frame and frame ID number from byte 1 to byte N-1 in polynomial form (length
depends on card type used). Highest order term is in byte 1 and lowest order term in byte N-1.
See Figure 11

g(x) = (x-a) = generator polynomial for frame CRC

GF(28) = afinite Galois field of 256 different 8 bit binary symbols generated by a primitive polynomial

2 4
p(x)=1+Xx +x3+x +x8

x = bit at position i
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NOTE 1 The frame CRC will allow the detection up to 1 error with a probability of 1. For more than 1 error the
probability of detecting errors is equal to 1-1/256.
NOTE 2 The CRC is the remainder of xM(x) divided by g(x) using modulo operations.
NOTE 3 The frame ID number is an 8 bit byte for all calculations but is written on the card as a 5 bit sequence.
11 Declding
The gengral steps to follow for decoding data for each track after reading are shown in Table 5 Specific
implemerntations are left to the user.
Table 5 — Decoding process
Step | Process
1 Read track data from card.
2 Expand frame ID to 8 bit size.
3 Create data structure as shown in Figure 11.
4 Check track CRC (result of [x4M(x) + CRC] mod g(x) over GF(28), (result 0 = no errors)
f a track CRC error occurs, begin error correction.
5 Check CRC of each frame. Frame errors indicate an erfor location for all columns at that byte
position.
6 f the quantity of frame errors is beyond the capability of the decoder, post a Media Error and quit.
Dtherwise, continue to the next steps.
7 Fill the frames at locations indicated by«frame CRC errors with hexadecimal zero
00) bytes (data erasure is assumed),
8 Column parity is then used along with frame CRC error locations to reconstruct
jata byte values (Reed-Solomon code RS(18,14) is used). These byte values
bre inserted at column-pesitions indicated by corresponding frame errors.
9 Check track CRC /(result of [x4M(x) + CRC] mod g(x) over GF(28) must be all 0 bytes for no errors)
10 Process the corrected data for output.
11 Process allfracks in the same manner.
NOTE  The~simplest decode process assumes “data erasure”, but other extended processes are possible. Numerous

references are available describing speciic decoding implementations. See Annex E.

12 Location of encoded tracks

Each encoded track shall be located between the two lines as shown in Figure 12. The start of encoding is
located at the centreline of the first transition of the first FSC. The end of encoding is located at the centreline
of the last transition of the last FSC.

18
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End of Start of
encoding encoding

T f d
Encoded track / op reference edge
L[ .

4_

o —»
© —»  [e—

6,4 (0.252) 6,4 (0.252)
minimum minimum

\. J

Dimensions in millimetres (inches)

Track dimension

a 5,75(0.226) maximum
Track H1

b 6,75(0:266) minimum

a 7745(0.293) maximum
Track H2

b 8,45(0.333) minimum

a 9,15(0.360) maximum
Track H3

b 10,15(0.400) minimum

a 10,85(0.427) maximum
Track H4

b 11,85(0.467) minimum

a 12,55(0.494) maximum
Track H5

b 13,55(0.534) minimum

a 14,25(0.561) maximum
Track-H6

b 15,25(0.601) minimum

Figure 12 — Location of encoded tracks
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