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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/IEC]TC 1.

described in [the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for
the differenttypes of document should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

The procedufes used to develop this document and those intended for its further maintenar;‘Ee are

Attention is ¢{lrawn to the possibility that some of the elements of this documentymay be the sjubject
of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent
rights. Detaills of any patent rights identified during the development of theldocument will be[in the
Introduction fand/or on the ISO list of patent declarations received (see wwwiso.org/patents).

Any trade name used in this document is information given for the cohvenience of users and doles not
constitute an|endorsement.

For an explanation on the voluntary nature of standards, the‘meaning of ISO specific tern]s and
expressions Telated to conformity assessment, as well as iiformation about ISO's adherence fto the
World Trade Prganization (WTO) principles in the Technical.Barriers to Trade (TBT) see the following
URL: www.isp.org/iso/foreword.html.

This documgnt was prepared by ISO/IEC JTC 1, Iaformation technology, SC 17, Cards and pdrsonal
identification

This third edlition cancels and replaces the,second edition (ISO/IEC 7811-7:2014), which hag been
technically r¢vised.

Major changgs from the previous edition are as follows:

— the primpry standard cards ‘held by Q-Card are used to calibrate the manufacture of secqndary
reference¢ cards; other primary standard cards held by PTB and Card Testing International (CTI) are
used as Hackup to replace/cards held by Q-Card as they wear out;

— deleted reference to’eharacter sets in the Scope since none are used in this document;

— list of mgjor differences has been moved from the Introduction to Annex A;

— the suppliet“of secondary reference cards has changed from PTB to Q-Card.

Notes in this document are only used for giving additional information intended to assist in the
understanding or use of the document. They do not contain provisions or requirements to which it is
necessary to conform in order to be able to claim compliance with this document.

Alist of all the parts in the ISO/IEC 7811 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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INTERNATIONAL STANDARD

ISO/IEC 7811-7:2018(E)

Identification cards — Recording technique —

Part 7:
Magnetic stripe: High coercivity, high density

1 Scope

This document is one of a series of standards describing the characteristics for identific3
defindd in the definitions clause and the use of such cards for international interchange.

This document specifies requirements for a high coercivity magnetic stripe (including a

overl

) on an identification card and encoding technique. It takes into consideration bot

machine aspects and states minimum requirements.

Coerc
main

achiey
compd

This d
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the w|
high d
Data i
propa

Itisth
No co
prior

1SO/1
this d

NOTE
roundg
interm

vity influences many of the quantities specified in this docunient but is not itself s
characteristic of the high coercivity magnetic stripe is its improved resistance to er
ed with minimal probability of damage to other magneticistripes by contact while r
itibility with magnetic stripes as defined in ISO/IEC 7811-2.

ocument provides for a card capacity of approximiately 10 times that of a card ¢

tion cards as

hy protective
h human and

pecified. The
psure. This is
etaining read

pnforming to

C 7811-6. The number of tracks has been incréased to 6, each track being approfkimately half

idth of tracks conforming to ISO/IEC 7811-6;located so that readers designed f
ensity tracks will also be able to read cards*é¢onforming to ISO/IEC 7811-2 and IS(
5 encoded in 8 bit bytes using the MFM encoding technique. Data framing is used
pation and error correction techniques further improve reliability of reading.

e purpose of the ISO/IEC 7811 series-of standards to provide criteria to which cards s
sideration is given within these standards to the amount of use, if any, experience
o test. Failure to conform te specified criteria is negotiated between the involved p{

C 10373-2 specifies thetest procedures used to check cards against the parameter
bcument.

o read these
/IEC 7811-6.
fo limit error

hall perform.
d by the card
rties.

s specified in

Numeric values)in the SI and/or Imperial measurement system in this document may have been

bd off and are _censistent with, but not exactly equal to each other. Using either system
ixing or recenverting values can result in errors. The original design was made usin

measufrement system.

2 N

rmative references

is correct but
b the Imperial

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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 4287, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Terms, definitions
and surface texture parameters

[SO/IEC 7810, Identification cards — Physical characteristics

ISO/IEC 10373-1, Identification cards — Test methods — Part 1: General characteristics

ISO/IEC 10373-2, Identification cards — Test methods — Part 2: Cards with magnetic stripes
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3 Terms,

definitions, symbols and abbreviated terms

For the purposes of this document, the terms and definitions given in ISO/IEC 7810 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

IEC Elect

3.1 Terms

3.1.1

primary sta
set of referen
PTB, Q-Card,

3.1.2

secondary st
reference car
certificate su

Note 1 to entr
source of seco

3.1.3

unused un-e
card possess
to any persof
more than 4§
10 % to 90 %

3.1.4
unused enca

ropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp

and definitions

ndard

and Card Testing International that represent the values of Ur and IR desigiiated RM7

randard

pplied with each card

i: Secondary standards can be ordered from Q-Card, 301 Reagan St., Sunbury, PA 17801, U{
hdary standards will be maintained at least until 2018.

ncoded card

ng all the components required for its intéhded purpose, which has not been sub
alization or testing operation, and which @ias been stored in a clean environment w
hour exposure to day-light at temperatures between 5 °C to 30 °C and humidity be
without experiencing thermal shock

ded card

card according to 3.1.3 that has only been encoded with all the data (magnetic, embossing, eled

etc) required

3.1.5
returned caj
card accordir

3.1.6
flux transiti
location of th|

3.1.7

for its intended purpose

rd
g to 3.1.4 after ithas been issued to the card holder and returned for the purpose of ]

bn
e gréatest rate of change with distance of the magnetization

ce cards established by Physikalisch-Technische Bundesanstalt (PTB) and'maintaiped by

811-6

d designated RM7811-6 that is related to the primary standard ds’'stated in the calibration

A. The

jected
ith no
fween

tronic

esting

reference current

Ir

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 U, at a density of 20

flux transitio

3.1.8

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

reference flux level

Fr

flux level in th

3.1.9

e test head that corresponds to the reference current Ig

test recording currents

two recordin

2

g currents defined by:
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I'min= Recording current corresponding to 2,2 FR

I'max= Recording current corresponding to 2,5 Fr

3.1.10
individual signal amplitude

Ui

base-to-peak amplitude of a single readback voltage signal

3.1.11
average signal amplitude

Ua

sum df the absolute values of the amplitude of each signal peak (U;j) divided by the nonjber of signal

peaks

3.1.12
referé¢
Ur

maxirn

3.1.13
physi
numb

3.1.14
bit de
numb

3.1.15
bit ce
distar

3.1.16

(n) for a given track over the length of the magnetic stripe area

bnce signal amplitude

hum value of the average signal amplitude of a reference card corrected to the prim:

ral recording density
b of flux transitions per unit length recorded on a track

nsity
br of data bits stored per unit of length

1
ce for a data bit nominally the reciprocalof the bit density as shown in Figure 8

aver
Ba

e bit cell

produlct of bit cell length and sum of the actual distances for all flux transition interva
dividdd by the sum of the nomirial distances for all flux transition intervals on the track

3.1.1
local
Ba6
compd

verage bit cell

irison reference for a given flux transition interval equal to the nominal L1 distance

the sum of the actual distances for the previous six flux transition intervals divided by t

nomir

3.1.18

al djstances for the previous six flux transition intervals (L1 * (X actual)/(2 nomina

iry standard

Is on a track

multiplied by
he sum of the

1))

demagnetlzatlon current

Iq

D.C. current value that reduces the average signal amplitude to 80 % of the reference signal amplitude
(URr) on a secondary reference card that has been encoded at a density of 40 ft/mm (1 016 ftpi) at a
current of Imin

3.1.19

Ur

magnitude of the individual element at 20 flux transitions per mm frequency of the Fourier spectrum
for a given track over the length of the magnetic stripe area
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3.2 Symbols and abbreviated terms

CRC cyclic redundancy check

CP column parity

FSC frame synchronization character

L1 short distance between adjacent flux transitions nominally equal to 1 times the bit cell

Ly medium distance between adjacent flux transitions nominally equal to 1,5 times the bit cell
L3 long distance between adjacent flux transitions nominally equal to 2 times the bit cell

4 Conformance

A prerequisite for conformance with this document is conformance with ISO/IEC 7810. An identifi
card is in copformance with this document if it meets all mandatory requirements specified |
Default values apply if no others are specified.

5 Physicdl characteristics of the identification card

5.1 Genergl
The identificgtion card shall conform to the specification given in ISO/IEC 7810.

WARNING
magnetic s
and certain [commonly used chemicals including plasticizers. It should also be noted th:
printing or §creening placed on top of the magnetic stripe must not impair the function
magnetic styipe.

The attention of card issuers is drawn to the ‘fact that information held d

5.2 Magnetic stripe area warpage

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

5.3 Surfage distortions

There shall bg no surface distortions, irregularities or raised areas on both the front and the back
card in the area shown in Figiire 1 that might interfere with the contact between the magnetic he
magnetic stripe.

cation
erein.

n the

ipe may be rendered ineffective through<contamination by contact with dirt

)it any
pf the

stripe

of the
hd and
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Dimensions in millimetres (inches)

2,54 (0.100)
maximum
/Top reference edge l
| = N —
Distortion-free |
area
19;0510-750)
minimym
\ g,

Figure 1 — Distortion-free area on card with midagnetic stripe
If a rajsed signature panel area is located on the front or back of'the card, then it shall be n¢ closer to the
top edge of the card than 19,05 mm (0.750 in).
NOTE Raised areas and distortions on other areas ofjthe card can cause card transport problems with

magnetic stripe processing equipment resulting in reading ér writing errors.

6 Physical characteristics of the magnetic stripe

6.1 Height and surface profile of tlfé magnetic stripe area
The nlagnetic stripe area is located omthe back of the card as shown in Figure 2.
NOTE In the case of the magnetic stripe area used for track 1 and 2, the dimension a as shown in Figure 2 of

the mdgnetic media could be less'than the maximum dimension b as shown in Figure 11 for the locgtion of track 2
data on the card. It is desirable that the magnetic stripe area extend beyond the limits of the encoded track.

© ISO/IEC 2018 - All rights reserved 5
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Dimensions in millimetres (inches)

5,54 (0.218)
max

/Top reference edge 1

1 ( )

Minimum magnetic Magnetic stripe area T A
stripe width (W)
I I
2,92 (0.115) max—>| |«

«—— 82,55 (3.250) min >

. J
For use of tracks 1 and 2: A-= 11,89 (0.468) min
For use of tracks 1, 2, and 3¢, ~A = 15,95 (0.628) min

Figure 2 — Location of magnetic.material
6.1.1 Surface profile of the magnetic stripe area

The maximufn vertical deviation (a) of the transverse surface profile of the magnetic stripe drea is
shown below]| See Figure 3, Figure 4, and Figure:5-The slope of the surface profile curve shall be ljmited
to: —4a/W < dlope < 4a/W.

When the bending stiffness value (see ISO/IEC 7810) for the card is 20 mm or more then the sprface
profile limits|are:

Minimum stripe width As:shown in Figure 3A As shown in Figure 3B

W = 6,35 mm|(0.25 in) a<9,5 um (375 pin) a <5,8 um (225 pin)

W =10,28 mip (0.405,i0) a < 15,4 um (607 pin) a<9,3 um (365 pin)

When the behding stiffness value (see ISO/IEC 7810) for the card is less than 20 mm then the shirface

profile limits

Minimum stripe width

W =6,35 mm

W = 10,28 mm (0.405 in)

are:

As shown in Figure 3A As shown in Figure 3B

(0.25in) a <73 um (288 pin) a<4,5pum (175 pin)

a<11,7 pm (466 pin) a <73 um (284 pin)

© ISO/IEC 2018 - All rights reserved
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L —
-

—]

|

6.1.2
The vq

Figure 3 — Surface profile

\’/

Permitted

Abrupt drop

Not permitted

Figure 4.~ Surface profile examples

I~

Irregular profiles as shown may result in poor quality encoding.
Figure 5 — Irregular surface profile examples

Height of the magnetic stripe area

card shall be:

rtieal deviation (h) of the magnetic stripe area relative to the adjacent surface of the

-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 ex

6.2

tend above the magnetic stripe area height (h) as defined above.

Surface roughness

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

both t

he longitudinal and transverse directions. Refer to ISO/IEC 4287.

6.3 Adhesion of stripe to card

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

© ISO/IEC 2018 - All rights reserved
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6.4 Wear of magnetic stripe from read/write head

Average signal amplitude (Up) and individual signal amplitude (U;j) are measured before and after
2 000 wear cycles and shall result in:

Ua after 2

6.5 Resista

0,60 Ua before and Ui after 2 0,80 Up after

nce to chemicals

Average signal amplitude (Ua) and individual signal amplitude (U;j) are measured before and after short
term exposure (as defined in the referenced Test Method document) shall result in:

Ua after 2

0,90 Ua before and Ui after 2 0,90 Ua after

Average signpl amplitude (Ua) and individual signal amplitude (U;j) are measured-before and after
long term exposure (24 h) to acid and alkaline artificial perspiration, as defined'in"the referenceld Test
Method document.

Un after (0,90 Ua before and Ui after 2 0,90 Ua after
7 Performance characteristics for the magnetic material
7.1 Genergl
The purpose| of this clause is to enable magnetic interchangeability between card and processing
systems. Media coercivity is not specified. The media's performance criteria, regardless of coerciyity, is

specified in 7

This method
All signal am
factor supplig

7.2 Testin

The testing e
60 % relative
measured at
more than 15

temp

relative humidity

7.3 Signal

3.

plitude results from the use of the secondary reference card must be corrected
d with the secondary reference card.

g and operating environment

nvironment foysignal amplitude measurements is 23 °C + 3 °C (73 °F £ 5 °F) and 4
humidity. Whentested under otherwise identical conditions, the average signal amp
40 ft/mm1:016 ftpi) shall not deviate from its value in the above test environm
% after 5)min exposure over the following operating environment range:

erature -35°Cto 50 °C (-31 °F to 122 °F)

uses a reference card whose material is traceable to the primary standard (see Clayise 3).

by the

) % to
litude
ent by

5% to95 %

amplitude requirements for magnetic media

The requirements for recording characteristics of the card are shown in Table 1, Figure 6, and Figure 7.
The media’s performance requirements specified in 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 C are intended as guidelines for magnetic material. Annex C is informative and
shall not be used as performance criteria for cards.

© ISO/IEC 2018 - All rights reserved
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Table 1 — Signal amplitude requirements for unused unencoded cards

D . Density Testrecording Sigpal .
escription ft/mm (ftpi) current amplitude Requirement
result

Signal amplitude 20 (508) Lnin Ua1 0,8 Ur<Up1 1,2 Ur
Signal amplitude 20 (508) Imin Uil Ui1 £ 1,26 UR
Signal amplitude 20 (508) Imax U2 Ua2 20,8 Ur
Signal amplitude 40 (1016) Imax Uiz Uiz 20,65 UR
Resolution 40 (1016) Imax Uas Upaz 20,8 Upz
Erasufe ) Tmm, D€ Urz Ua2=0,03 Ur
Extra|pulse 0 Iin, DC Uia Ui4<0]05 Ur
Demagnetisation 0 Iq, DC Uas Uas = 0,64 Ur
Demagnetisation 0 Ia, DC Uss Uss = 0|54 Ug
Overyrite 20 (508) Imax Ure Ur7<0J03 Upg

40 (1016) Imin Ur7
The slppe of the saturation curve shall never be positive between Iy, and fyfax:
It is npt permissible to combine the above requirements mathematically.
NOTE[L  The density of 20 ft/mm converts to 508 ftpi in this doéument and to 500 ftpi in ISO/IEC 7811-2 and

ISO/IEC 7811-6. These 2 are not different in principle. To ensure compatibility at the higher record

ng density the

more gccurate conversion is used in this document.
NOTER It has been observed that low resolution as.measured per Table 1 can correlate yith high flux
transifion spacing variation as measured per Table 2.
A
130 Ua2
Regadback 120
vpltage
%UR) 100
80
60_ ......................... Example curve
404 Reference|card curve
corrected o the primary
20— standard
J= Imir Ima: 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 2018 - All rights reserved
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flux transitions flux transitions
\/ base line
flux transitions flux transitions
Figure 7 — Waveform-example
8 Data structure
The encoding technique for each track shall-be Modified Frequency Modulation (MFM) recording for

which the copditions are:

— aflux transition shall be written‘at the centre of each bit cell containing a ONE;
— aflux trapsition shall be written at each cell boundary between adjacent bit cells containing ZEROS.
The data shall be recorded.as-a synchronous sequence of characters without intervening gaps.
NOTE1 Redording with.a write current which is less than Inyijn can result in poor quality encoding.

NOTE2  MFM isthesame as the FM technique described in ISO/IEC 7811-6 except that clocking flux tranfitions
for 1 bits havq beenremoved. This results in a loss of some of the self-clocking feature with FM encodipg and

requires morelaceuracy for flux transition intervals With this technique there may not be a flux transition at the

bit cell boundary.

See Figure 8.

10 © ISO/IEC 2018 - All rights reserved
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t t t t t t t t t t t
I I I I | | | I I I |
L
0 0 0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1 1 1
o ., 0 1 0 1 1 1 o ., 0 1
i I TR ey &
Key
t  bif cell boundaries
Figure 8 — Examples of MFM encoding
9 Epcodingspecification
9.1 [Angleof recording
The akgle-ofreecordingshall-be-normal-to-the-nearest-edge-of-the-ecard-parallelte-the-magnetic stripe

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

© ISO/IEC 2018 - All rights reserved
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Top reference edge \ Nwoo + 20’
} \ Back of card

[
1
I
encaasarvac _\ ||| | [[| [ 11T

~

\

Magnetic stripe \‘\/\

width

Figure 9 — Angle of recording

9.2 Nominal bit density

The nominal pit density for each of the tracks shall be 40 bits/mm (1016 bpi).

9.3 Flux tfansition spacing variation

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

Table 2 — Flux transition spacing variation

Term Description Requirement Variation
Ba Avdrage bit cell 23-um (906 pin) < By < 25,3 pm (994 pin) -8%to+19
Bas Lodal average bit cell 0,92 B, <B,6<1,08 B, +8 % of B,
L1 Shqrt interval 0,80 B3 < L1 < 1,20 Bag +20 % of Bag
Ly Medlium interval 1,30 Bag < L2 < 1,70 Bag +13,3 % of 1,5 Bae
L3 Lorg interval 1,80 Bag < L3 < 2,25 Bag +10 % of 2 Bap
NOTE It Ras beenlobserved that low resolution as measured per Table 1 can correlate with high flux

transition spa¢ing ydtiation as measured per Table 2.

9.4 Signal'amplituderequirements

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

— unused encoded cards: 0,64 Ur < Uj < 1,36 Ug;

— returned cards: 0,52 Ur < U; < 1,36 Ug.

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 limits at the specified recording frequency and recording test currents.

9.5 Bit configuration

Data shall be recorded with the least significant bit (29) first.

12 © ISO/IEC 2018 - All rights reserved
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9.6 Direction of recording

The encoding shall begin from the right-hand side viewed from the side with the magnetic stripe and
with the stripe at the top.

9.7 Leading and trailing clock bits

The lead-in up to the first FSC shall be recorded with ones and the space after the last FSC shall also be
recorded with ones. Ones encoded from the edge of the card to 3,30 mm (0.130 in) in from the edge of
the card are not required to meet the specifications given herein.

10 D

User (
of a fi
zero |
indep
Figurd

ata structure

ata to be written on the card shall be divided among the tracks used. EacH track

ked length depending on the type of card used requiring the user data to be padde

ytes if it does not fill the available space on the track(s) used. Data structure on

endent of other tracks. The general process for structuring of the data‘’s shown in Ta
11.

Table 3 — Data structure process-steps

used shall be
| with binary
each track is
ble 3, see also

Step Process

1 Determine number of tracks needed based on data capacity for card type used.

2 Divide card data into data for each track and pad end of card data with binary zero bytes|if necessary
such that all frames on every track used are filled:\Padding may be done before dividing onto tracks or
after. More error correction is obtained if data is\divided equally among the tracks used and then each
track padded.

3 | |Generate CRC for track data and append to_end of track data.

4 | |Divide track data into frames.

5 | |Generate Reed-Solomon column parity.

6 | | Add frame ID number.

7 | |Generate CRC for each frame.

8 | | Arrange for writing on card: add lead/trail clock transitions, convert frame ID from 8 bit fo 5 bit
string, and add FSC’s.

NOTE No coded character set is defined by this document. Most uses for the high density format will be for
non-tekt applications,

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 tr

ailing clock transitions as shown below.

© ISO/IEC 2018 - All rights reserved
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Leading clock transitions
FSC
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 trahsitions

10.1.2 FSC

The FSC is usgd to determine directionl and identify the edge of the data frame. A FSC shall occur pefore
and after each data frame but only~one FSC shall occur between adjacent data frames. The FSC hlas the

representatiqn shown in Figute 10.

first last
transition transition

v '

adjacent adjacent
 bit bit

L3 L1 L2 L3

FSC

v

direction of recording

Figure 10 — FSC representation
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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
intervalsis 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.

10.1.3.1 Frame identifier

Each flata frame shall be identified with a 5 bit character representing a number. Frg
numbegred consecutively starting with 1 for the frame nearest the start of encoding and epding with 18
neareft the end of encoding. When performing data operations prior to writing,on|the ¢
the dgcoding process after reading, the frame identifier shall be represented as an 8 bit st

10.1.3.2 Data

Data

Fore

NOTE
equals|

10.1.3

all be represented in 8 bit bytes and shall be user data, columfparity, or track CRC
The cqdpacity and number of bytes per frame depends on the card size and shall be as shoy

ch card size all the amounts are fixed (no variable lengths]-

Table 4 — Track capacity

mes shall be

hrd or during
ring.

information.
vn in Table 4.

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 per track) 2824,5 | 3544,5 | 4408,5
Column parity (bytes) 68 88 112
Track CRC (bytes) 4 4 4
User data capacity(bytes) 234 304 388

.3 Frame CRC-character

Each firame shall include one 8 bit CRC character.

10.2

Cading for error detection and correction

The user data capacity shown in Table 4 is based on the amount of error correction us
FSC+Frame ID+(bytés‘per frame*8)+CRC. Track size equals (bits per frame*18)+FSC.

ed. Frame size

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).

© ISO/IEC 2018 - All rights reserved
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NOTE

Byte
1 2 3 4 N-5 | N-4 | N-3 [ N-2 | N-1 N
Frame | Data area CRC
ID
1 CP CP CP CP CP CpP CP CP CRCy
2 Cp Cp Cp Cp Cp Cp Cp Cp CRC:
3 CpP CP CP CpP Cp Cp CpP Cp CRC3
4 Cp Cp Ccp Cp Cp Cp Cp Cp CRC4
5 Data | Data | Data Data | Data | Data | Data | Data | CRCs
6 Data | Data | Data Data | Data | Data | Data | Data | [RCs
7 Data | Data | Data Data | Data | Data | Data | Data“|\ CRC;
8 Data | Data | Data Data | Data | Data | Data | Data | CRCs
9 Data | Data | Data Data | Data | Data | Data. | ‘\Data | CRCo
10 Data | Data | Data Data | Data | Data | Data | Data | CRCio
11 Data | Data | Data Data | Data | Data.| Data | Data | CRCy;
12 Data | Data | Data Data | Data | Data | Data | Data | CRCy2
13 Data | Data | Data Data | Data</ Data | Data | Data | CRCi3
14 Data | Data | Data Data | Data”| Data | Data | Data | CRCy4
15 Data | Data | Data Data¢|‘Data | Data | Data | Data | CRCss
16 Data | Data | Data Data’ | Data | Data | Data | Data | CRCys
17 Data | Data | Data Data | Data | Data | Data | Data | CRCy7
18 Data | Data | Data Data Track CRC CRCis
Figure 11 — Track data structure

Th¢ frame CRC character'is used for error detection and column parity is used for error correction.

10.2.1 Track CRC

The track shdll includea €RC comprised of four 8 bit bytes generated as follows and added to the end of

the track datg. Highest-order term for track CRC shall be in byte (N-4) frame 18:

CRC = [x*ME&)]'mod g(x) over GF(28)

where

16

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

Highest order term is in byte 2 frame 5 and lowest order term in byte N-5 frame
See Figure 11;

g(x) = (x-a)( x-a?)( x-a3)( x-a*) = generator polynomial for the track CRC;

18.

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

nomial defined as: p(x) = 1 + x2 + x3 + x4 + x8;

xi = bit at position i.
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NOTE1  The track CRC will allow the detection of 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)%.

NOTE 2  The track CRC is the remainder of x4M(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 a for GF power
of alpha corresponds to the number so that the term alpha raised to it’s power is a unique bit pattern (8 bit binary
string). Each byte of the user data needs to be converted from 8 bit binary into the corresponding power of a
before carrying out the modulo operation. The term x is used to denote the position of the bit in the string for
example, x2 in the track data would be the third lowest order byte.

10.2.2 Column parity

Colunin parity shall be generated for each column of byte information across all useri.data frames on the
track psing 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 A:

CH = [x4M(x)] mod g(x) over GF(28)

where

M(x) = user data for a column from frame 5 to frame A8 in polynomial form (length is fixed at
14). Highest order term is in frame 18 and {owest order term in frame 5. Sep Figure 11;

g(x) = (x-a)( x-a2)( x-a3)( x-a4) = generator polynomial for the Reed-Solomon CP;

(F(28) = a finite Galois field of 256 different 8 bit binary symbols generated by a primitive poly-
nomial defined as: p(x) = 1 + x2aX3 + x4 + x8;

xi= bit at position i.
NOTE|L  The CP will allow the correction of up to 4 “erasures” with a probability of 1. More thgn 4 “erasures”
on a trfack cannot be corrected. The ternt “erasure” is used in RS codes and denotes an area that if not readable,
the de¢oding process then treats thatssector as “erased” or not there.
NOTER  The CP is the remainder of x4M(x) divided by g(x) using modulo operations. The terjm “shortened”
before|Reed-Solomon means'that there are higher order terms with a value of 0 (237 in this cas€) which do not

need tp be considered in inodulo operations.

NOTEB  This codetesults in 100 %*4/18 = 22,2 % error correction overhead.

10.2.3 Frame-CRC

The frjame shall include a CRC comprised of one 8 bit byte generated as follows and added to the end of
the fréqnre-data:

CRC = [xM(x)] mod g(x) over GF(28)

where

© ISO/IEC 2018 - All rights reserved 17
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GF(28) =

NOTE 1

M(x)

g(x)

x1

= 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;

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

nomial defined as: p(x) = 1 + x2 + x3 + x4 + x8;

= bit at position i.

The frame CRC will allow the detection of up to 1 error with a probability of 1. For more than

a finite Galois field of 256 different 8 bit binary symbols generated by a primitive poly-

] error

the probability

NOTE 2

NOTE 3

Thd

Thd

11 Decodi

The general g
implementations are left to the user.

r of detecting errors is equal to 1-1/256.
CRC is the remainder of xM(x) divided by g(x) using modulo operations.

frame ID number is an 8 bit byte for all calculations but is written on the card g@s-a'5 bit seq

ng

teps to follow for decoding data for each track after reading arxe Shown in Table 5. Sj

Table 5 — Decoding process

uence.

becific

Step Process

1 Read track data from card.

2 Expand frame ID to 8 bit size.

3 |Creatp data structure as shown in Figure 11.

4 |ChecH track CRC (result of [x4M(x) + CRC] mod-g(x) over GF(28), (result 0 = no errors).

If a trhck CRC error occurs, begin error cortection.

5 |ChecHlf CRC of each frame. Frame errorsindicate an error location for all columns at that byte position.

6 If the[quantity of frame errors is béyond the capability of the decoder, post a Media Error and quif.
Otherjwise, continue to the next steps.

7 Fill tHe frames at locations indicated by frame CRC errors with hexadecimal zero (00) bytes (datd era-
sure ig assumed).

8 |Columpin parity is thenfsed along with frame CRC error locations to reconstruct data byte values
(Reed-Solomon code'RS(18,14) is used). These byte values are inserted at column-positions indicated
by cofrespondingframe errors.

9  |ChecH track CRC/result of [x4M(x) + CRC] mod g(x) over GF(28) must be all 0 bytes for no errors).

10 | Procgss the corrected data for output.

11 |Procgssiall tracks in the same manner.

NOTE The simplest decode process assumes “data erasure”, but other extended processes are possible.

Numerous references are available describing specific decoding implementations. See Annex D.

12 Location of encoded tracks

Each encoded track shall be located between the two lines as shown in Figure 12b. 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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Dimensions in millimetres (inches)

End of Start of
encoding encoding
Encoded track /Top reference edge l l
l 4 N\
f Fo
6,4 (0.252) e N 6.4 (_0.25%)
\. J
Dimensionsin.mm (inches)
Track Dimension
a 575 (0.226) | maximum
Track H1
b 6,75 (0.266) minimum
a 7,45 (0.293) | maximum
Track H2
8,45 (0.333) minimum
9,15 (0.360) | maximum
Track H3
b 10,15 (0.400) minimum
10,85 (0.427) | maximum
Track H4
b 11,85 (0.467) minimum
12,55 (0.494) maximum
Track H5
b 13,55 (0.534) minimum
14,25 (0.561) maximum
Track H6
b 15,25 (0.601) minimum

Figure 12 — Location of encoded tracks
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Annex A
(informative)

Compatibility of magnetic stripes (ISO/IEC 7811-6, ISO/IEC 7811-7)

The purpose of this annex is to explain to users the limitations of the term 'read compatibility' as

mentioned in

the scope of this document, and applied to ISO/IEC 7811-6 and ISO/IEC 7811-7.

The high den
these tracks
a combinatio
normal track
in the same W

The increase
ISO/IEC 7811
amplitude va

The followin
ISO/IEC 7811

1) The bit gﬁansity has increased from 8,27 bits/mm (track 1,3)@nd 2,95 bits/mm (track 2) to 4

mm for

2) The encd
storage ¢
clocking

3) The 3 tr
occupy t
density t

4) Dataisd
a CRC for
(error de
of the me

5) Error de
error cor

6) The mag

sity tracks specified in this document are arranged such that a reader designed)t
will also be able to read the normal tracks defined in ISO/IEC 7811-6. Thisalso
h of normal and high density tracks to coexist on the same magnetic stripe, for ex
5 1 and 2 with high density tracks H5 and H6. It is not possible to interchange write
ray that read heads can be.

-6: approximately 40 % based on testing of PTB. The exact ratiog’between these two
ues will depend on the type of magnetic stripes used.
b is an overview of the main differences between this deciiment and ISO/IEC 7811

-6.

1 tracks which results in 234 bytes of user data‘per track for an ID-1 size card.

hbility.

he same space on the card. These are located so that readers designed to read th

each frame and a track.CRC. Data recorded on each track is independent from other

ssage on the card:

rection isfixed for all card sizes.

netic stripe area extends completely to the left and right edge of the card.

7) In Table

1 _toct doncityv ualuoc hava chanaod tho rocalutian roauiramont hac chanaod fram
STty — v ety e cHa R 5 et e eSOt O T e r e et o e g e a1 o1t

b read
hllows
ample
heads

 density specified in this document will result in a lower signal.amplitude compajred to

signal

2 and

bits/

ding technique referred to as MFM is used®in’ place of F2F. This change doubles the data
ensity for the same minimum transitiop.$pacing with only a small reduction in the self-

icks have been replaced by 6 tracks that are approximately half the width so that they

e high

Facks will also be able to read cards conforming to ISO/IEC 7811-2 and ISO/IEC 7811-6.

stributed in frames with synchronisation characters to aid in error recovery, and there is

fracks

tection and correcfion for each track is on the same track), even though it may be only part

fection and;‘eorrection is included using a shortened Reed-Solomon code. The amdunt of

0,7 to

=t eoT

0,8, the test for Waveform has been deleted, and Overwrite has been added to the requirements.

8) The maximum coercivity in Table C.1 has been changed from 335 kA/m (4200 Oe) to 250 kA/m
(3125 Oe).
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