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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-goveérnmental, in liaison with 1ISO and IEC, also take part in the work. In the field of infermation
technology, I$O and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Btandards are drafted in accordance with the rules given in the ISO/IEC Directives;-Part 2.

The main tagk of the joint technical committee is to prepare International Standards., Draft Interngtional
Standards adopted by the joint technical committee are circulated to national bodies for vVoting. Publicatfon as
an Internationjal Standard requires approval by at least 75 % of the national bodies gasting a vote.

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 identifying any or all sueh-patent rights.

ISO/IEC 10373-6 was prepared by Joint Technical Committee ISONEC JTC 1, Information technplogy,
Subcommittep SC 17, Cards and personal identification.

This second| edition cancels and replaces the first edition Y(ISO/IEC 10373-6:2001), which has [been
technically |revised. It also includes the Amendments ISO/IEC 10373-6:2001/Amd.1]2007,
ISO/IEC 10373-6:2001/Amd.2:2003, ISO/IEC 10373-6:2001/Amd.3:2006, ISO/IEC 10373-6:2001/Amd.4:2006
and ISO/IEC [10373-6:2001/Amd.5:2007.

2

ISO/IEC 10373 consists of the following parts, undétithe general title /dentification cards — Test method
— Part 1: General characteristics

— Part 2: Gards with magnetic stripeS

— Part 3: Integrated circuit cards-with contacts and related interface devices

— Part 5: Qptical memory.cards

— Part 6: Proximity cards

— Part 7: Vfcinity_¢ards

— Part 8: USB-ICC

— Part 9: Optical memory cards — Holographic recording method

vi © ISO/IEC 2011 — All rights reserved
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Identification cards — Test methods —

Part 6:
Proximity cards

1 S

1ISO/I
in 1S
1ISO/I
empld

NOTH
mentiq

NOTE
card o

This

proxin
and |
integn

2 Normative references

The 1
refere
docur
1ISO/I

1ISO/I
Part 1

ISO/I

jcope

FC 10373 defines test methods for characteristics of identification cards according to the d
D/IEC 7810. Each test method is cross-referenced to one or more base’ standards, Vv
FC 7810 or one or more of the supplementary standards that define the information storage
yed in identification card applications.

1 Criteria for acceptability do not form part of ISO/IEC 10373, but{will be found in the Internati
ned above.

2 Test methods defined in this part of ISO/IEC 10373 are intended to be performed separately. A
I object, or proximity coupling device, is not required to pass-through all the tests sequentially.

bart of ISO/IEC 10373 defines test methods which are specific to proximity cards and
hity coupling devices, defined in ISO/IEC 14443-1:2008, ISO/IEC 14443-2:2010, I1SO/IE
SO/IEC 14443-4:2008. ISO/IEC 10373-1 défines test methods which are common to
ated circuit card technologies and other parts deal with other technology-specific tests.

ollowing referenced documents are indispensable for the application of this documer
nces, only the edition cited applies. For undated references, the latest edition of th
hent (including any amendments) applies.

EC 7810:2003, Idertification cards — Physical characteristics

FC 14443-472008, Identification cards — Contactless integrated circuit cards — Proxin
: Physical characteristics

FC/14443-2:2010, Identification cards — Contactless integrated circuit cards — Proximity c3

efinition given
hich can be
technologies

nal Standards

given proximity

objects, and
C 14443-3.—
pne or more

t. For dated
e referenced

nity cards —

rds — Part 2:

Radid

frequency power and signal interface

ISO/IEC 14443-3:—"), Identification cards — Contactless integrated circuit cards — Proximity cards — Part 3:
Initialization and anticollision

ISO/IEC 14443-4:2008, Identification cards — Contactless integrated circuit cards — Proximity cards —
Part 4: Transmission protocol

IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement techniques —
Electrostatic discharge immunity test

1) To be published.
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3 Terms,

For the purposes of this document,

definitions, symbols and abbreviated terms

the terms, definitions,

abbreviations and symbols given

in

ISO/IEC 14443-1:2008, ISO/IEC 14443-2:2010, ISO/IEC 14443-3:—, ISO/IEC 14443-4:2008 and the following

apply.
NOTE

31

3.1.1

Elements in bold square brackets [ ] are optional definitions.

Terms and definitions

base standa
standard whi

3.1.2
Cascadeleyv
number of ca

313

"Class 1" PI{
PICC whose
maximum loa

3.1.4
Command S
set describing

NOTE Sel
3.1.5

Mute

no response

3.1.6

PICC States

different PIC(

NOTE Se

31.7
Scenario
defined typic
this part of IS

3.1.8

d
h the test method is used to verify conformance to

pls
scade levels of the PICC

CC
antenna is located as defined in ISO/IEC 14443-1:2008 and which_passes the "Class 1"
ding effect test defined in 7.2.4

pt
the PICC commands during initialization and anticollision

e ISO/IEC 14443-3:—, 6.4 for PICC Type A and ISO/IEC. 14443-3:—, 7.5 for PICC Type B.

vithin a specified timeout, e.g. expirationsof FWT

D states during initialization.and anticollision

e ISO/IEC 14443-3:—, 6.3 for PICC Type A and ISO/IEC 14443-3:—, 7.4 for PICC Type B.

O/IEC 10373

Test Initial S

tate

TIS

PICC

bl protocol and' application specific communication to be used with the test methods defined in

element from PICC States that is the PICC state before performing a specific PICC command from Command

Set

3.1.9
test method

method for testing characteristics of identification cards for the purpose of confirming their compliance with
International Standards
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3.1.10
Test Target State
TTS

ISO/IEC 10373-6:2011(E)

element from PICC States that is the PICC state after performing a specific PICC command from Command

Set

3.2 Symbols and abbreviated terms

(xxxxx)b Data bit representations
'XY' Hexadecimal notation, equal to XY in base 16
ATA(¢id) Answer to ATTRIB, i.e. (mbli+cid CRC_B), with mbli an arbitr:

ATTRIB(cid, fsdi)

DUT

ESD

(see ISO/IEC 14443-3:—, 7.11)

Default ATTRIB command with PUPI from~ATQB, C
Maximum Frame Size Code value = fsdi i.e. (1D “PUPI cid
CRC_B)

Device under test

Electrostatic Discharge

I(c)n(ipf [,CID = cid] [NAD = nad]ISO/IEC 14443-4 I-block with chaining bit ce{1,0}, block numbe

[.L~CRCI])

IuT

LT

m
Mute
N/A

PPS(¢id, driydsi)

information field inf. By default no CID and no NAD will be t
CID = cide{0...15} is speg€ified, it will be transmitted as second
NAD = nade{0...'FF'}.is"specified it will be transmitted as third
second parameter, .ifoho CID is transmitted). If the literal '
specified, a valid €RC corresponding to the type of the
transmitted by default (i.e. CRC_A or CRC_B)

Implementation Under Test (ISO/IEC 9646); within the scope
ISO/IEC10373, IUT represents the PCD under the test

Lower Tester (ISO/IEC 9646), the PICC-emulation part of t
apparatus

Modulation index

No response within a specified timeout

Not applicable

Default PPS request with CID =cid,

DRI =dri anq

ary hex value

D=cid and
fsdi '01 00'

rne{1,0} and
ransmitted. If
parameter. If
barameter (or
-rCRC' is not
PICC will be

pf this part of

he PCD-test-

i DSI =dsi,

i.e. (‘D' +cid "11'dsi x 4 + dri CRC_A)

R(ACK [,CID = cid] [,~CRC]),

R(NAK [,CID = cid][,~CRC]),

RATS(cid, fsdi)

READY(l)

© ISO/IEC 2011 — All rights reserved

ISO/IEC 14443-4 R(ACK) Block with block number n. The de

finition of the

optional CID and ~CRC symbols is as described in the I(c), block above

ISO/IEC 14443-4 R(NAK) Block with block number n. The de

finition of the

optional CID and ~CRC symbols is as described in the I(c), block above

Default RATS command
i.e. ('EO' fsdi x 16+cid CRC_A)

with  CID=cid and

READY state in cascade level I, | € {1, 2, 3}; e.g. READY(
cascade level 2

FSDI value = fsdi

2) is a PICC
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READY*(l)

REQB(N)

S(WTX)(WTXM
[,CID = cid][,~CRC])

S(DESELECT [,CID = cid]
[.~CRC])

READY™* state in cascade level |, | € {1, 2, 3}; e.g. READY*(2) is a PICC
cascade level 2

REQB command with N as defined in ISO/IEC 14443-3.—, 7.7.4

ISO/IEC 14443-4 S(WTX) block with parameter WTXM. The definition of the
optional CID and ~CRC symbols is as described in the I(c), block above

ISO/IEC 14443-4 S(DESELECT) block. The definition of the optional CID
and ~CRC symbols is as described in the I(c), block above

SAK(cascadg

~

SAK(complet

(4
~

SEL(c)

SELECT(l)

SLOTMARKER(n)

TB-PDU

TEST_COMMAND1(1)

TEST_COMNAND1(n), n > 1

TEST_COMNAND1(n),

TEST_COMNAND2(n), n > 1

the-SELECH-answerwith-the-caseade-bit{bit3)sette{Hb—————
the SELECT(I) answer with the cascade bit (bit 3) set to (0)b

Select code of level ¢ (i.e. SEL(1) ='93', SEL(2) = '95', SEL(3)-='97")
SELECT command of cascade level |, i.e.

SELECT(1) = ('93 70' UIDTX, BCC CRC_A)

SELECT(2) = ('95 70" UIDTX, BCC CRC_A)

SELECT(3) = ('97 70" UIDTX; BCC CRC_A)

Slot-MARKER command with slotnumber n, i.e. (16 x (n — 1) + 5 CRC| B)

Transmission Block Protocol\Data Unit, which consists of either |-blo¢k, R-
block or S-block

Default test command ‘eonsisting of one unchained I-block

NOTE This command depends on the negotiated maximum frame size value of
the PICC.

Default'tést command consisting of n chained I-blocks (PCD chaining)

NOTE This command depends on the negotiated maximum frame size value of
the PICC.

INF field of k'th I-block chain of TEST_COMMAND1(n)

NOTE This command depends on the negotiated maximum frame size value of
the PICC.

Default test command which expects a response consisting of n chaiphed I-

TEST_COMMAND3

TEST_RESPONSE1(n)

TEST_RESPONSE2(n)

il ]
MTUURNS

NOTE This command depends on the negotiated maximum frame size value of
the PCD.

Default test command consisting of one I-block which needs more than FWT
time for execution

INF field of the response to TEST_COMMAND1(n)
NOTE This response is assumed to be always unchained.

Response to TEST_COMMAND2(n)

© ISO/IEC 2011 — All rights reserved
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TEST_RESPONSE2(n)y

TEST_RESPONSE3
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NOTE This response depends on the negotiated maximum fram
the PCD.

INF field of k'th I-block chain of TEST_RESPONSE2(n)

NOTE This response depends on the negotiated maximum fram
the PCD.

Response I-block to TEST_COMMAND3

NOTE This response is always assumed to be unchained.

e size value of

e size value of

TM- RDU
UIDTK,
uT

UT_APDU

WUPB(N)

X[[a..p]]

X[[n]]
X[n]

Test Management Protocol Data Unit (ISO/IEC 9646-1, PDU)
Transmitted UID 32-bit data at cascade level | (see Table'1)
Upper Tester (ISO/IEC 9646), the master part of the-PCD-test-4

Upper Tester Application Protocol Data Unit; ‘a‘packet of data
the PCD to the LT through the RF interface

WUPB command with N as defined inISO/IEC 14443-3:—, 7.7

Bit sequence consisting of the inverted bits of bit sequence X o
sequence different from X

Bit subsequence of bit sequence X consisting of the bits betwg
and b included. If a > b then the sequence is empty

Bit at position n of bit sequence X. First bit is at position 1

Byte at pasition n of bit sequence X. First byte is 3
(i.,e. X[n]EX[[(n-1)x8+1.nx8]])

Table 1 — Mapping from UID to UIDTX

pparatus

to be sent by

4

any other bit

en position a

t position 1

Cascade level Single UID PICC Double UID PICC Triple UID PICC
UIDTX4 UlDO UID1 UID2 UID3 '88' UIDO UID1 UID2 '88' UIDO UID1 L|JID2
UIDTX: UID3 UID4 UID5 UID6 '88' UID3 UID4 WID5
UIDTX; UID6 UID7 UID8 |UID9

4 Debaiti teabte-to-tt method

4.1 Test environment

Unless otherwise specified, testing shall take place in an environment of temperature 23 °C +3°C
(73 °F £ 5 °F) and of relative humidity 40 % to 60 %.

4.2 Pre-conditioning

No environmental pre-conditioning of PICCs or PCDs is required by the test methods in this document.
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4.3 Defaul

t tolerance

Unless otherwise specified, a default tolerance of £ 5 % shall be applied to the quantity values given to specify
the characteristics of the test equipment (e.g. linear dimensions) and the test method procedures (e.g. test
equipment adjustments).

4.4 Spurious Inductance

Resistors and capacitors should have negligible inductance.

4.5 Total measurement uncertainty

The total measurement uncertainty for each quantity determined by these test methods shall be stated

test report.

Basic inform4g

5 Appare
parameter;

This clause
according to

Measure
Calibrati
Test PCI
Referend

These are de

51 Minim

5.1.1 Oscil

tion is given in ISO/IEC Guide 98-3:2008.

tus and circuits for test of ISO/IEC 14443-1 and ISO/IEC;14443-2
5

Hefines the test apparatus and test circuits for verifying the“operation of a PICC or a
SO/IEC 14443-1:2008 and ISO/IEC 14443-2:2010. The test.apparatus includes:

ment instruments (see 5.1);
bn coil (see 5.2);

D assembly (see 5.3);

e PICC (see 5.4).

scribed in the following clauses.
um requirements for measurement instruments

oscope

The digital sampling oscilloscope shall be capable of sampling at a rate of at least 500 million samplg

second with 3
250 MHz. Th
mathematica
(see Annexes

NOTE Th

5.2 Calibr

This clause d

5.21

resolution’of+at least 8 bits at optimum scaling and shall have an overall minimum bandw
b oscilloscope should have the capability to output the sampled data as a text file to fag
and,other operations such as windowing on the sampled data using external software pro
E/and F).

in the

PCD

s per
dth of
ilitate
jrams

e overall bandwidth is the combination of oscilloscope and probing system bandwidth.

ation coil

efines the size, thickness and characteristics of the calibration coil.

Size of the calibration coil card

The calibration coil card shall consist of an area which has the height and width of an ID-1 type defined in
ISO/IEC 7810:2003 containing a single turn coil concentric with the card outline (see Figure 1).
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ISO/IEC 1037

ISO/IEC 7810 ID-1 outline

( \
/
Coil 72 mm x 42 mm Connections
e 1tum -
\.
\ J

3-6:2011(E)

5.2.2

The t
suital]

5.2.3

The ¢
with g

NOTE
The d
shall

1,5m
NOTH
A hig
and 3

in the

NOTH

resongnt frequency greater than 60 MHz.

The ¢
peak

NOTE
or coal

Figure 1 — Calibration coil

Thickness and material of the calibration coil card

le insulating material.

Coil characteristics

oil on the calibration coil card shall have one turn. The outer size of the coil shall be 72
orner radius 5 mm. Relative dimensional tolerance shall be.* 2 %.

1 The area over which the field is integrated is approXimately 3000 mm?Z.

oil shall be made as a printed coil on printed ¢éircuit board (PCB) plated with 35 um coppe
be 500 ym with a relative tolerance of’;+20 %. The size of the connection pg
m x 1,5 mm.

2 At 13,56 MHz the approximate inductance is 250 nH and the approximate resistance is 0,4 Q.

N impedance oscilloscope probe with an input admittance equivalent to a parallel capacitan
parallel resistance R, > 9 kQ at 13,56 MHz shall be used to measure the (open circuit) vo
coil. The resonance frequency of the calibration coil and connecting leads shall be above 6
3 A parasitic capagitance of the probe assembly of less than 35 pF normally ensures for th
pen circuit_calibration factor for this coil is 0,32 V (rms) per A/m (rms) [Equivalent to 900

per A/m (fm1s)].

4 (The high impedance oscilloscope probe ground connection should be as short as possible, le
Xial connection.

hickness of the calibration coil card shall be less than that of an ID-1 card:"1t shall be conpstructed of a

mm x 42 mm

r. Track width
ds shall be

ce C, < 14 pF
tage induced
0 MHz.

e whole set a

mV (peak-to-

5s than 20 mm

5.3

Test PCD assembly

The test PCD assembly shall consist of a 150 mm diameter test PCD antenna and two parallel sense coils:
sense coil a and sense coil b. The test set-up is shown in Figure 2. The sense coils shall be connected such
that the signal from one coil is in opposite phase to the other. The 10 Q potentiometer P1 serves to fine adjust
the balance point when the sense coils are not loaded by a PICC or any magnetically coupled circuit. The
capacitive load of the probe including its parasitic capacitance shall be less than 14 pF.

NOTE

© 180/

1 The capacitance of the connections and of the oscilloscope probe should be kept to a minimum for
reproducibility.

IEC 2011 — All rights reserved
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NOTE 2 In order to avoid any unintended misalignment in case of an unsymmetrical set-up the tuning range of the
potentiometer P1 is only 10 Q. If the set-up cannot be compensated by the 10 Q potentiometer P1 the overall symmetry of
the set-up should be checked.

NOTE 3  The high impedance oscilloscope probe ground connection should be as short as possible, less than 20 mm
or coaxial connection.

Sense coil a

....... — e e
= — 1
240|Q
I %
-l- Identical length twisted I

pairs or coaxial cables
of less than100 mm

m— Sense coil b
- \
m -
O X =X
oscillosqope
Test PCD +

anjenna

Figure 2= Test set-up (principle)

5.3.1 Test PCD antenna

The test PCIO antenna shall hayea diameter of 150 mm and its construction shall conform to the drawipgs in
Annex A.

The matching of the testPED antenna should be accomplished by using an impedance analyzer or a ngtwork
analyzer or @ LCR ngeter. If either an impedance analyzer or a network analyzer or a LCR meter |s not
available, theh the matching may be accomplished with the procedure given in Annex B.

5.3.2 Sensecoils

The size of the sense coils shall be 100 mm x 70 mm with corner radius 10 mm. The sense coil construction
shall conform to the drawings in Annex C.

5.3.3 Assembly of Test PCD

The sense coils and test PCD antenna shall be assembled parallel and with the sense and antenna coils
coaxial and such that the distance between the active conductors is 37,5 mm as shown in Figure 3. The
dimensional tolerance shall be better than + 0,5 mm. The distance between the coil in the DUT and the
calibration coil shall be equal with respect to the coil of the test PCD antenna.

NOTE These distances are chosen to represent the typical operating distance of the PICC.

8 © ISO/IEC 2011 — All rights reserved
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=375 mm» +37,5 mmﬁ Active

5.4

I I conductors
DUT
J Calibration coil
Sense coil a Test PCD antenna Sense coil b

Figure 3 — Test PCD assembly.

Reference PICC

A Reference PICC is defined to test the ability of a PCD to:

— 9
—
—  t
— T
in its
5.4.1
The R
ISO/I
PICC

no int

Outlin

enerate a field strength of at least H,;, and not exeeeding Hax;
ansfer power to a PICC;

ansmit a modulated signal to a PICC;

pceive a load modulation signal from the PICC;

pbperating volume.

Dimensions of the-Reference PICC

Reference PICC ‘shall consist of an area containing the coils which has the height and wi
EC 7810:2008:for ID-1 type. An area external to this, containing the circuitry which emulate
functions;shall be appended in such a way as to allow insertion into the test set-ups and s
erferenceto the tests. The dimensions shall be as in Figure 4.

e ISO/IEC 7810

ith defined in
5 the required
o as to cause

ID-1 type

+—172mm _—

Figure 4 — Reference PICC dimensions
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5.4.2 Reference PICC construction

The Reference PICC construction is defined in Annex D.

The Reference PICC shall have a circuit diagram as defined in Figure 5 and component values as defined in

Table 2.
J1
; | |ra
bT ¢ dT
CME3 _ CON3
CON4
L2 1 Lo
(Pick up CMF4 R1 R2 R8 Ca=r
coil) [ 1 1
R CMF2 CON2
Q- | —
| —
R9 R7
D1 D2V M
L1 R3 =
(Main% 017Z 027Z )
coil) CMF1  CONt
D3y | D44 C3— Dzit Qfa | Q1b J 'Ry |
o
Figure 5 — Reference PICC circuit diagram
NOTE Pokition 'd' of jumper J1 is RFU.
Table 2 — Reference PICC components list
Component Value Component Value
L1 See Annex D C1 7 pF — 50 pF ©
L2 See Annex D c2 3pF-10pF?®
R1 1,8 kQ c3 27 pF
R2 0kQ-2kQ®2 C4 1nF
R3 220Q D1, D2, D3, D4 BAR43S or equivalent
R4 51 kQ Dz BZX84, 15 V or equivalerjt ©
R5 51 Q Q1a, Qib BCV/G1A or nqni\/nlnnf
R6 500 kQ Q2 BSS83 or equivalent
R7 110 kQ CMF1, CMF2, CMF3, CMF4 ACM3225 -102-2P or equivalent
R8 51Q CON1, CON2, CON3, CON4 RF connector
R9 1,5 kQ

a

b

C

A multi-turn potentiometer (turns = 10) should be used.

Q - factor shall be higher than 100 at 13,56 MHz.

Care should be taken on parameters Cj (Junction capacitance), Cp (Package capacitance), Ls (Series inductance) and Rs

(Series resistance) of equivalent diodes. Note that these values may not be available in the datasheet.

10
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At CON1 the load modulation signal shall be applied. The load modulation can be determined in test PCD
assembly. When not used, the load modulation signal generator shall be disconnected or set to 0 V.

With the voltage at CON2 the Reference PICC load can be adjusted until the required DC voltage shows at
CONa3.

The Reference PICC DC voltage shall be measured at CON3 using a high impedance voltmeter and the
connection wires should be twisted or coaxial.

The PCD waveform parameters are picked up at CON4 using a high impedance oscilloscope probe. The high
impedance oscilloscope probe ground connection should be as short as possible, less than 20 mm or coaxial

ction

Reference PICC resonance frequency tuning
eference PICC resonance frequency shall be calibrated with the following procedure:
et jumper J1 to position 'a".

onnect the calibration coil directly to a signal generator and the Reference PICC connect
igh impedance voltmeter. Connect all the other connectors to the same equipment as used

ocate the Reference PICC at a distance d = 10 mm above thé) calibration coil with the ax
pils (calibration coil and Reference PICC main coil) being congruent (see Figure 6).

rive the calibration coil with a sine wave set to the deSired resonance frequency.

djust the Reference PICC capacitors C1 and C2:to-get maximum DC voltage at CON3.
djust the signal generator drive level to readha’DC voltage of 6 V at CON3.

epeat steps e) and f) until the maximum*voltage after step e) is 6 V.

alibrate the Test PCD assemblyto produce the H,,, operating condition on the calibration ¢
lace the Reference PICC:into the DUT position on the Test PCD assembly. Switch the
osition 'b' and adjust R2 te-obtain a DC voltage of 6 V measured at connector CON3. The ¢
pndition shall be verified by monitoring the voltage on the calibration coil and adjusted if neq

epeat steps b) 1o g) with the obtained value of R2.

Instead’of a signal generator a vector network analyzer may be used if sufficient power is provi
CONB3 while reaching the maximum resistive part of the measured complex impedance of the calibrat

Pick up coil (top)

br CON3 to a
for the tests.

es of the two

oil.

jumper J1 to
perating field
essary.

Hed to produce
on coil.

conne
5.4.3
The H
a) S
b) (@

h
c) L

d
d) O
e) A
f) A
g9) R
h)
i) R

P

e
) R
NOTE
6V at
Main

; > - =

// /—> to voltmeter
coil (bM = - _ .
to signal generatorl /é/\ d // Reference PICC circuit

Calibration coil (top)

Figure 6 — Reference PICC frequency tuning set-up (principle)
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6 Test of ISO/IEC 14443-1 parameters

6.1 PCD tests

6.1.1 Alternating magnetic field

6.1.1.1 Purpose

This test determines that the PCD generates a field not higher than the average value specified in
ISO/IEC 14443-1:2008, in any possible PICC position.

6.1.1.2 TeLt procedure

a) Tune the

b) Calibrate
4.4 on th

c) Place th
position
conditior

WARNIN

d) Position
3V.

e) If exceeqled, use the same conversion factor to measure the maximum and average DC voltag

convert
ISO/IEC

6.1.1.3  Tept report

The test repo

6.2 PICC fests

6.2.1 Alternpating magnetic field

The purpose

at 13,56 MH2.

Reference PICC to 19 MHz as described in 5.4.3 steps a) to g).

the Test PCD assembly to produce the average field value specified in ISONEC 14443-1
e calibration coil.

b Reference PICC into the DUT position on the Test PCD assembly,)Switch the jumper
b' and adjust R2 to obtain a DC voltage of 3 V measured at connegtor CON3. The operatin
shall be verified by monitoring the voltage on the calibration coil and adjusted if necessary.

G - R2 value should be between 55 and 65 Q.

the Reference PICC in any possible PICC position.<The DC voltage at CON3 shall not e

in field strength to check the maximum and the average field values specifi
14443-1:2008, 4.4 in 30 s period.

rt shall give the DC voltage .measured at CON3.

of this test(is-to check the behavior of the PICC in relation to alternating magnetic field exp

2008,

J1 to

y field

xceed

e and
ed  in

osure

6.21.1 Ap

paratus

The test PCD assembly shall be used to produce the alternating magnetic field.

6.2.1.2 Test procedure

The procedure is as follows.

a) Adjust the RF power delivered by the signal generator to the test PCD antenna to a field strength of
10 A/m (rms) as measured by the calibration coil.

b) Place the PICC under test in the DUT position and readjust immediately the RF drive into the test PCD
antenna to the required field strength if necessary.

12
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After 5 min, remove the PICC from the DUT position for at least 5 s.

Adjust the RF power delivered by the signal generator to the test PCD antenna to a field strength of

12 A/m (rms) as measured by the calibration coil.

Place the PICC under test in the DUT position and readjust immediately the RF drive into
antenna to the required field strength if necessary.

Apply for 5 min an ASK 100 % modulation to this field with the following duty cycle:

— 5sat0A/m(rms);

the test PCD

—+ 25sat12 A/m (rms).

Check that the PICC operates as intended.

6.2.13 Test report

The tést report shall state whether or not the PICC operates as intended.

6.2.2| Static electricity test

The purpose of this test is to check the behavior of the card IC in-relation to electrostatic dis
expogure in the test sample. The PICC under test is exposed-te a simulated electrostatic dis
human body model) and its basic operation checked following,the exposure (see Figure 7).

ESD gun Discharge tip

PICC

_// 0,5 mm thick insulating support

1 _ hatl 1
V\ Horizontal coupling

470 kQ conductive plane on wooden
table, standing on ground
reference plane

470 kQ

J

Figure 7 — ESD test circuit

6.2.21 Apparatus

charge (ESD)
charge (ESD,

Refer to IEC 61000-4-2:2008.

a)

Main specifications of the ESD generator:

— energy storage capacitance: 150 pF + 10 %;

— discharge resistance: 330 Q + 10 %;

— charging resistance: between 50 MQ and 100 MQ ;

— rise time: 0,7 nsto 1 ns.

© ISO/IEC 2011 — All rights reserved
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b) Selected

— type

specifications from the optional items:

of equipment: table top equipment;

— discharge method: direct application of air discharge to the equipment under test;

— discharge electrodes of the ESD generator: Round tip probe of 8 mm diameter.

6.2.2.2 Te

st procedure

Connect the ground pin of the apparatus to the conductive plate upon which the PICC is placed.

Apply the dis
repeat the sa
least 10 s.

WARNING -
contacts shd

Check that th

6.2.2.3 Tept report

The test repg

charge successively in normal polarity to each of the 20 test zones shown in Figure 8.
Ime procedure with reversed polarity. Allow a cool-down period between successive,pulses

f the PICC includes contacts, the contacts should face up and the zone which inc|
puld not be exposed to this discharge.
e PICC operates as intended at the end of the test.

Top reference edge

- N\
12 3 ¥ s
6 7 8 9 10
11 12 W3 1 15
6 .17 18 19 | 20
\ k 3 ! i /

Figure 8 — Test zones on PICC for ESD test

It shallstate whether or not the PICC operates as intended.

Then
5 of at

udes

7 Test of ISO/IEC 14443-2 parameters

7.1 PCD tests

All the tests described below will be done in the operating volume as defined by the PCD manufacturer.

7.1.1 PCD field strength

7111 Pu

rpose

This test measures the field strength produced by a PCD in its operating volume.

14
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NOTE

71.1.2
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The test takes account of PICC loading of the PCD.

Test procedures

Procedure for Hp,a test:

a) Tune the Reference PICC to 19 MHz as described in 5.4.3 steps a) to g).

b) Calibrate the Test PCD assembly to produce the H,.x operating condition on the calibration coil.

c) Place the Reference PICC into the DUT position on the Test PCD assembly. Switch the jumper J1 to

it i i —Alternatively,
jumper J1 may be set to position 'c' and the applied voltage on CON2 is adjusted to obfain|a DC voltage
3 V at connector CON3. In both cases, the operating field condition shall be verified“by monitoring the
ltage on the calibration coil and adjusted if necessary.
ARNING - R2 value should be between 75 and 85 Q. Check this range at least once pefore using
the alternative method.

d) Hosition the Reference PICC within the defined operating volume of the PCD under test. THe DC voltage
gt CON3 shall not exceed 3 V.

Procdgdure for Hy,, test:

a) Tlune the Reference PICC to 13,56 MHz as described in/5.4:3.

b) (Qalibrate the Test PCD assembly to produce the H,,ixioperating condition on the calibration qoil.

c) Hlace the Reference PICC into the DUT position on the Test PCD assembly. Switch the [jumper J1 to
position 'b' and adjust R2 to obtain a DC.yoltage of 3 V measured at connector CON3.|Alternatively,
jumper J1 may be set to position 'c' and the'voltage on CON2 is adjusted to obtain a DC volfage of 3 V at

nnector CON3. In both cases, the .operating field condition shall be verified by monitoring the voltage
n the calibration coil and adjusted if-necessary.
ARNING - R2 value should!'be between 400 and 550 Q. Check this range at least |once before
using the alternative method:-

d) Hosition the Reference\PICC within the defined operating volume of the PCD under test. THe DC voltage
gt CON3 shall exceed3 V.

7118 Test report

The test report-shall give the DC voltage measured at CON3 for R2 or variable load resistor adjusted to Hni,

and Hnmay field strength under the conditions applied.

7.1.2 —PCDfield strength supporting operation withr “Class 1t PICCs

7.1.21  Purpose

The following additional PCD test is necessary for interoperability between PCDs and "Class 1" PICCs. This
test is similar to PCD field strength test specified in 7.1.1 but uses a Reference PICC adjusted to apply a
higher loading effect.

NOTE The loading effect of "Class 1" PICCs is lower than the loading effect of the Reference PICC used in this test
(see "Class 1" PICC maximum loading effect test in 7.2.4). This guarantees that Hmi, is supplied in the "Class 1" PCD
operating volume if additionally the "Class 1" PICCs' antenna size and location are similar to the Reference PICC (Annex
D) antenna size and location. For PICCs with different antenna size and/or location other classes may be created with, for
each class, a corresponding Reference PICC.
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71.2.2 Test procedure

The PCD field strength test defined in 7.1.1, procedure for H.,;, test, shall be repeated with the Reference
PICC calibrated to obtain 6 V at CON3 instead of 3 V.

NOTE The Reference PICC calibration used in this test is the same as the calibration defined in 7.1.1.
71.2.3 Testreport

The test report shall give the DC voltage measured at CON3 for R2 or variable load resistor adjusted to Hni,
field strength under the conditions applied.

NOTE The volume in which the DC voltage exceeds 6 V defines the "Class 1" operating volume.
7.1.3 Power transfer PCD to PICC

7.1.31  Purpose

This test is Used to determine that the PCD is able to supply a certain power to-a PICC placed anywhere
within the defjned operating volume.

7.1.3.2 Tept procedure

a) Tune thg Reference PICC to 19 MHz as described in 5.4.3 steps a).to g) and leave jumper J1 to pgsition

a.

b) Position the Reference PICC within the defined operating, volume of the PCD under test. The DC
voltage 4t CON3 shall exceed 3 V.

7.1.3.3 Teptreport

The test repqrt shall give the DC voltage at CON3 measured within the defined operating volume undgr the
defined condftions.

7.1.4 Modulation index and waveform

71.41 Purpose

This test is uped to determine-the index of modulation of the PCD field as well as the rise and fall timels and
the overshoof values as defined in ISO/IEC 14443-2:2010.

7.1.4.2 Tept procedure

a) Position [thécalibration coil at an arbitrary position in the defined operating volume and displgy the
induced coil voltage on a suifable oscilloscope. Defermine the modulafion index and waveform
characteristics using the analysis tool defined in Annex E.

b) Tune the Reference PICC to 16,5 MHz as described in 5.4.3 steps a) to g) and switch the jumper J1 to
position 'c'.

c) Place the Reference PICC at a particular position in the PCD operating volume.

d) Apply and adjust a DC voltage at CON2 to obtain a DC voltage at connector CON3 of 3 V or optionally
6 V when supporting "Class 1" at that position.

NOTE 1 If a DC voltage of 6 V cannot be reached at the selected position, the maximum achievable voltage should be
used for the test.
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e) If the unmodulated voltage on CON4, measured with a suitable oscilloscope (requirements see 5.1.1) is
below 1 V (peak-to-peak), use an alternative pick up coil to determine the waveform characteristic.

NOTE 2  This alternative pick up coil should have a "figure of 8" shape with 15 mm radius positioned farthest away from
the Reference PICC to minimize coupling and as close as possible to the PCD antenna to maximize induced voltage.

f) Determine the modulation index and waveform characteristic from the voltage at CON4 or at the
alternative pick up coil using the analysis tool defined in Annex E.

g) Repeat steps c) to f) for various positions within the operating volume.

NOTE 3 The selected position of the calibration coil within the operating volume is not expected to affect the results.

NOTE|4  The Reference PICC load does not represent the worst case loading effect of a PICC. Higher[loading effects
may b achieved with resonance frequencies closer to carrier frequency (e.g. 15 MHz or 13,56 MHz),

71483 Testreport

The fest report shall give the measured modulation index of the PCD fieldy-the rise and fall times and
overshoot values, within the defined operating volume in unloaded and loaded conditions.

7.1.5| Load modulation reception

7.1.51 Purpose

This fest is used to verify that a PCD correctly detects.thé ‘load modulation of a PICC whichlf conforms to
ISO/IEC 14443-2:2010.

7.1.52 Test procedure

The Reference PICC and its calibration proecedure allow the sensitivity of a PCD to load modulation to be
assegsed. The Reference PICC does not emulate the loading effect of all types of PICC.

—

a) Tune the Reference PICC to 13,56:-MHz as described in 5.4.3 and switch the jumper J1 to pgsition 'c'.

b) Rlace the Reference PICCata particular position in the PCD operating volume.

c) Apply and adjust a DC\voltage at CON2 to obtain a DC voltage at connector CON3 of 3 \{ or optionally
g V when supporting 'Class 1" at that position.
d) Ipcrease the. modulation signal amplitude at CON1 to produce responses until the PCD dgtects at least

1[0 of them-consecutively.

e) Hlacethe Reference PICC in the DUT position on the Test PCD assembly.

f) djuat thc cht PCD aaac|||b=y tU pludubc d flC:d Dtlclluth lll’ Vvhibh HEVCO thc; 2dllc vu:tayc at CON3 and
note the corresponding field strength by reading the calibration coil voltage.

g) Measure the Reference PICC load modulation amplitude Vi ua as described in 7.2.1 and compare it with
the standard limit associated with the noted field strength. This measured V| ya level defines the PCD
sensitivity criterion in order to compare with the standard limit to perform these test measurements.

h) Repeat steps b) to g) for various positions within the operating volume.

i) Repeat steps a) to h) with Reference PICC resonance frequency 15 MHz.

Any position in which the PCD sensitivity is above the standard limit shall be considered out of the operating
volume.
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NOTE 1

12 MHz and 10 MHz.

The test coverage may be expanded by using additional resonance frequencies below 13,56 MHz such as

NOTE 2  The PCD sensitivity should be below the standard limit to ensure good reception of the PICC load modulation.
NOTE 3  This test does not check that the PCD reception is independent of the phase of the PICC load modulation.
Consequently, it cannot guarantee the correct reception of any PICC compliant with ISO/IEC 14443-2:2010.

7.1.5.3 Testreport

The test repo

rt shall give the PCD load modulation sensitivity for the tested positions.

7.2 PICC Jests

7.21 PICC

7.211

The purpose
field range [H
and Type B
determined.

NOTE No

7.21.2 Te

Step 1: The

Adjust the REF
as measured
digital sampli
This signal sH

WARNING -
from 0 A/m (

Step 2: The
into the test H

A REQA or a

obtain a signal or load'-moedulation response from the PICC.

Display a se
sampling os¢

Purpose

st procedure

transmission

of this test is to determine the load modulation amplitude V| ya of the-PICC within the ope
Imin, Hmax] @s specified in ISO/IEC 14443-2:2010. Also the functionality of the PICC for T
within their corresponding modulation ranges as defined in ISO/IEC 14443-2:2010 sh

load modulation test is required for bit rates of fc/64, fc/32 and f¢/16.

pad modulation test circuit of Figure 2 and the Test PCD assembly of Figure 3 are used.

by the calibration coil. Connect the output of the load modulation test circuit of Figure }
hg oscilloscope. The 10 Q potentioméeter P1 shall be trimmed to minimize the residual ¢
all be at least 40 dB lower than the signal obtained by shorting one sense coil.

The PICC load modulation @mplitude test should be done by increasing the field str
rms), thus checking correct PICC operation starting from H,;,.

PICC under test shall-be placed in the DUT position, concentric with sense coil a. The RH
CD antenna shall'be re-adjusted to the required field strength.

REQB command sequence as defined in ISO/IEC 14443-3:— shall be sent by the Test P

rating
ype A
all be

- power delivered by the signal generator<to the test PCD antenna to the required field stiength

P to a
arrier.

bngth

drive

CD to

gment)of at least six cycles of the waveform of the subcarrier load modulation on the

digital

lloscope and store the sampled data in a file for analysis by a computer software program (see

Annex F).

NOTE1 Ca

re should be taken to apply a proper synchronization method for low amplitude load modulation.

Fourier transform with a Bartlett window exactly six subcarrier cycles of the sampled modulation waveform
using suitable computer software (as the one given in Annex F). Use a discrete Fourier transformation with a
scaling such that a pure sinusoidal signal results in its peak magnitude. In order to minimize transient effects,
avoid analyzing a subcarrier cycle immediately following a non-modulating period or a phase shift of the
subcarrier. The discrete Fourier transformation shall be done at the sidebands frequencies generated by the
PICC under test, i.e. fc + fs and fc - fs.

The resulting peak amplitudes of the upper and lower sidebands at fc + fs and fc — fs shall be above the value
defined in ISO/IEC 14443-2:2010, 8.2.2.
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NOTE 2  For Type B PICC load modulation test, the oscilloscope FFT (Fast Fourier Transform) option may also be
used on a large number of subcarrier cycles with neither transient effect nor phase shift (i.e. on a stable part of
synchronization time TR1 as defined in ISO/IEC 14443-2:2010, 9.2.5 or on a stable part of SOF as defined in
ISO/IEC 14443-3:—, 7.1.4).

7.21.3 Testreport

The test report shall give the measured peak amplitudes of the upper and lower sidebands at fc + fs and
fc — fs and the applied fields and modulations.

7.2.2 PICC reception

7.2.21 Purpose

The purpose of this test is to verify the ability of the PICC to receive the PCD commands.
7.222 PICC Type A

7.2.22.1 Test conditions for a bit rate of fc/128

Threq test conditions are defined with timings at the border of the Type. A PICC modulation wayeform timing
parameters zone defined in ISO/IEC 14443-2:2010, Figure 4:

—  (ondition 1: maximum t; — £, and maximum {3, no overshoot;

— (ondition 2: minimum achievable (with Test PCD assembly) t; — t, and maximum associated f;, maximum
gvershoot;

— (ondition 3: minimum achievable (with Test RED assembly) t; and maximum associated t; 1 f,, maximum
gvershoot.

NOTE| The carrier amplitude at the end of\f> should be less than 4 %.
ThesT 3 tests conditions shall be tested at least using H,in» and H.x whereas parameter t; is the maximum

specified value when condition 1.and condition 3 are used and is the minimum specified value when condition
2 is used.

7.2.22.2 Test conditions for bit rates of fc/64, fc/32 and fc/16

Threq test conditions. are defined with timings at the border of the Type A PICC modulation wayeform timing
parameters zone€ defined in ISO/IEC 14443-2:2010, Figures 7, 8 and 9:

— (Qondjtion™1: maximum t; — ts and maximum fs, no overshoot;

- ondition 2: minimum achievable (\A/ii‘h Test PCD aeenmhly) L=t and maximum associated f5, maximum

overshoot;

— Condition 3: minimum achievable (with Test PCD assembly) fg and maximum associated f; — 5, maximum
overshoot.

These 3 tests conditions shall be tested at least using Hpin and H,,.x Whereas:

— parameter a is the maximum specified value when condition 1 is used and is the minimum achievable
value for the Test PCD assembly when condition 2 and condition 3 are used;

— parameter t; is the maximum specified value when condition 1 and condition 3 are used and is the
minimum specified value when condition 2 is used.
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7.2.2.2.3 Test procedure
Under the conditions defined in 7.2.2.2.1 the PICC shall answer to a REQA with ATQA.

A PICC supporting the optional fc/64 bit rate shall operate under the conditions defined in 7.2.2.2.2 after
selection of a bit rate of fc/64. This PICC shall respond correctly to an I-block transmitted at a bit rate of fc/64.

A PICC supporting the optional fc/32 bit rate shall operate under the conditions defined in 7.2.2.2.2 after
selection of a bit rate of fc/32. This PICC shall respond correctly to an I-block transmitted at a bit rate of fc/32.

A PICC supportlng the opt|onal fc/16 bit rate shall operate under the condltlons defmed |n 7 2. 2 2 2 after

selection of arb c/16.

7.22.3 PICC Type B

7.2.2.31 est conditions

Three test canditions are defined with timings at the border of the Type B PICC modulation waveform fiming

parameters zpne defined in ISO/IEC 14443-2:2010, Figures 14, 15, 16 and 17:

— Condition 1: maximum & and maximum t,, no undershoot and overshoot;

— Conditiop 2: minimum achievable (with Test PCD assembly)  and“maximum associated {;, maximum
undershgot and overshoot;

— Conditiop 3: minimum achievable (with Test PCD assembly).{. and maximum associated £, maximum
undershgot and overshoot.

These 3 testq conditions shall be tested at least using:

- Hmin and Hmax;

— minimun] and maximum modulation index m for the associated field strength applied| (see
ISO/IEC |14443-2:2010, Figure 13).

7.2.2.3.2 Tlest procedure

Under the conditions defined in-7:2.2.3.1 the PICC operating at a bit rate of fc/128 shall answer to a REQB

with ATQB.

A PICC supporting thecoptional fc/64 bit rate shall operate under the conditions defined in 7.2.2.3.1| after

selection of a|bit rate 6f'f¢/64. This PICC shall respond correctly to an I-block transmitted at a bit rate of f£/64.

A PICC supporting/the optional fc/32 bit rate shall operate under the conditions defined in 7.2.2.3.1 after

selection of a|bit'rate of fc/32. This PICC shall respond correctly to an I-block transmitted at a bit rate of f£/32.

A PICC supporting the optional fc/16 bit rate shall operate under the conditions defined in 7.2.2.3.1 after
selection of a bit rate of fc/16. This PICC shall respond correctly to an I-block transmitted at a bit rate of fc/16.

7.2.24 Testreport

The test report shall confirm the intended operation at the mandatory fc/128 bit rate. For PICCs supporting
one or more of the optional high bit rates the test report shall confirm the intended operation at the supported

bit rates. Used test conditions shall be mentioned in the test report.

20
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7.2.3 PICC resonance frequency (informative)

7.2.31 Purpose

The test may be used to measure the resonance frequency of a PICC.

When two or more PICCs are placed in the same PCD energizing field, the resonance frequency of each
PICC decreases.

Care should be taken in designing each PICC resonance frequency.

WAR

7.2.32 Procedure

The resonance frequency of a PICC is measured by using an impedance analyzer,or-a network
LCR-meter connected to a calibration coil. The PICC should be placed on the calibration coil at

NING=The Tesonance frequency may depend-onthe fietd strengthrused during the measurement.

analyzer or a
a distance of

10 mi, with the axes of the two coils being congruent. The resonance frequeney is that frequency at which

the resistive part of the measured complex impedance is at maximum.

7.2.38 Testreport

When applied the test report shall give the PICC resonance frequency and the measurement con
7.2.4| "Class 1" PICC maximum loading effect

7.24/41 Purpose

The following additional PICC test is necessary-for interoperability between PCDs and "Cld
defingd in ISO/IEC 14443-1:2008.

NOTE This test improves interoperability\only if the "Class 1" PICCs antenna size and location arg
Refergnce PICC (Annex D) antenna size and location. For PICCs with different antenna size and/or locatio
may b created with, for each class, a corresponding reference PICC.

7.242 Test procedure

The RICC loading effecthat Hni, shall be measured using the test PCD assembly. It shall ng
loading effect of the Reference PICC tuned to 13,56 MHz and calibrated to obtain 6 V at CON
procedure of this substitution method is as follows.

a)
b)

c)

Tlune the Reference PICC to 13,56 MHz as described in 5.4.3.

CQalibrate the Test PCD assembly to produce the H,,, operating condition on the calibration ¢

ditions.

ss 1" PICCs

similar to the
h other classes

t exceed the
8 at Hn,n. The

oil.

Place the Reference PICC into the DUT position on the Test PCD assembly. Switch the
position 'b' and adjust R2 to obtain a DC voltage of 6 V measured at connector CON3.

jumper J1 to
Alternatively,

jumper J1 may be set to position 'c' and the applied voltage on CON2 is adjusted to obtain a DC voltage

of 6 V at connector CON3. In both cases, the operating field condition shall be verified by monitoring the

voltage on the calibration coil and adjusted if necessary.

WARNING - R2 value should be between 900 and 1000 Q. Check this range at least
using the alternative method.

Remove the Reference PICC.

Place the PICC under test into the DUT position on the Test PCD assembly.

© ISO/IEC 2011 — All rights reserved
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f)  Measure the field strength Hc monitored by the calibration coil.

The field strength H¢ shall be greater than Hy,.

7.24.3 Testreport

The test report shall give the value Hc.

8 Test of ISO/IEC 14443-3 and ISO/IEC 14443-4 parameters

8.1 PCD tésts

See Annex Hland Annex |.

8.2 PICC fests

See Annex G.
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Annex A
(normative)

Test PCD Antenna

A.1 Test PCD Antenna layout including impedance matching network

Figurgs A.1, A.2, A.3 and A4 illustrate Test PCD antenna layout. Drawings are not to scale.
The gntenna coil track width is 1,8 mm (except for through-plated holes).

Startipg from the impedance matching network there are crossovers every 45 °.

Printdd circuit board (PCB): FR4 material, thickness 1,6 mm, double sided with.35 um copper.
NOTE|1 The layout of the impedance matching network is informative.

NOTE|2  Such printed circuit boards and Rex resistors are available from various commercial sources.

A + A Impedance

matching network

_EXT2 R_EXTY

R_EXTS ~ R_EXT4  R_EXT3

Figure A.1 — Test PCD antenna layout including impedance matching network for a bit rate of fc/128
(View from front)
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150mm

AN

Antenna coil

P

Figure A.2 1

+

Ground
compensation
coil

//—P

— Test PCD antenna layout including impedance matching network for a bit rate of fg/128

(View from back)
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Impedance
matching network

/

R_EXT4  R_EXT3  REXT2  R_EXT1

Figure A.3 —Test PCD antenna layout including impedance matching network for bit rates of fc/64,
fc/32 and fc/16 (View from front)
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Figure A.4

26

150mm

N

Antenna coil

+

Ground
compensation coil

— Test PCD antenna layout including impedance matching network for bit rates of fg/64,

fc/32 and fc/16 (View from back)
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A.2 Impedance matching network

The antenna impedance (Ran, Lant) is adapted to the signal generator output impedance (Z =50 Q) by a
matching circuit (see A.2.1 and A.2.2). The capacitors C1, C1a, C1b, C2 and C3 have fixed values. The input
impedance phase can be adjusted with the variable capacitor C4.

The test PCD assembly as defined in 5.3 and in this Annex is intended to be used for time limited
measurements, to avoid any overheating of the individual components. If the test is run continuously, heat
dissipation shall be improved. Care shall be taken to keep maximum voltages and maximum heat dissipation
within the specified limits of the individual components.

Two impedance—mateh ire-retworks—are—deseribed—the—impedanee—m atehireretwo of-a—bittate of fc/128
and the impedance matching network for bit rates of fc/64, fc/32 and fc/16. Table A.1 contains their use cases.
Table A.1 — Impedance matching network use cases

Impedance matching network Magnetic field capability Bit rate capability
For a bit rate of fc/128 Up to 12 A/m (rms) Only fc/128
For bit rates of fc/64, fc/32 and fc/16 Up to 7,5 A/m (rms) From fc/128 to fg/16

NOTE|1 The tolerance of the matched antenna impedance is + 5 Q and + 10 °.
NOTE|2  Rex is placed on the ground side of the antenna coil.
NOTE/3  The power and voltage ranges include a safety margin.

NOTE|4  The linear low distortion variable output 50Q power driver should be capable of emitting Typg A and Type B
modulptions for transmission of REQA and REQB as‘defined in 7.2.2. The output power should be adjustable to deliver H
fields jn the range of 1,5 A/m (rms) — 12 A/m (rnis). Care should be taken with the duration of fields aljove the upper
operafing range of 7,5 A/m (rms).

A.2.1 Impedance matching network for a bit rate of fc/128

50 Q

power driver Antenna coil
D 'Tn':fgﬁi?,‘;e Component Table:
1] network
Value | Unit Remarks
C1 47 pF Voltage rangg 200 V

Cc2 180 pF Voltage rangge 200 V

C3 22 pF Voltage rangg 200 V
C4 2-27 pF Voltage range 200 V
Rext 0,94 Q Power range 10 W

ol M_
Z=500Q Cz_‘_ci(;

Figure A.5 — Impedance matching network for a bit rate of fc/128
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NOTE 1 Rext may be built by connecting five resistors of 4,7 Q 2 W in parallel.
NOTE 2  Rex may still be placed at the position marked with a dashed outline, as shown in Figure A.5.
NOTE 3  Rext may be 4 W if the maximum field is up to 7,5 A/m (rms).

NOTE 4  The parasitic capacitance of the antenna is not shown in Figure A.5.

A.2.2 Impedance matching network for bit rates of fc/64, fc/32 and fc/16

50 £ -
. Antenna coil
power driver impedance Component Table:
| D, matching
network Value | Unit Remarks
Cla 82 pF X(oltage range 200 V
C1b C1b 8,2 pF Yoltage range 200 V
Cc2 150 pF Voltage range 200 V
C3 10 pF Voltage range 200 V
C4 2-27 pF Voltage range 200 V
Rant Rext 4,7 Q Power range 20 W
Lant

Figure A.6 — Impedance matching network for bit rates of fc/64, fc/32 and fc/16

NOTE 1 Reft may be built by a parallel circuit of*each two resistors of 4,7 Q 5 W in series.
NOTE 2  Rekshould be placed on the GND.side of the antenna as drawn.

NOTE 3  Thg parasitic capacitance af.the antenna is not shown in Figure A.6.
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Annex B
(informative)

Test PCD Antenna tuning
Figures B.1 and B.2 show the two steps of a simple phase tuning procedure to match the impedance of the

antenna to that of the driving generator. After the two steps of the tuning procedure the signal generator shall
be directly connected to the antenna output for the tests.

Step [i:

A high precision resistor of 50 Q + 1 % (e.g. 50 Q BNC resistor) is inserted in the signal line| between the
signa| generator output and an antenna connector. The two probes of the oscilloscopé are conrlected to both
sides|of the serial reference resistor. The oscilloscope displays a Lissajous figure when it is pet in Y to X
presentation. The signal generator is set to:

—  Wave form: Sinusoidal;
— Hrequency: 13,56 MHz;
—  Amplitude: 2V (rms) -5V (rms).

The o¢utput is terminated with a second high precision-resistor of 50 Q +1 % (e.g. 50 Q BNC terminating
resistpr). The probe, which is in parallel to the output.connector has a small parasitic capacitance Cpyrope. A
calibrption capacitance C., in parallel to the reference resistor compensates this probe capacitor if
Ceal =|Cprobe- The probe capacitor is compensated when the Lissajous figure is completely closed

¥
closed figure: @ =0 ~ P4 angle
SSUNEENL corresponding
n t0 50
y, 4
44
Signal Oscilloscope
nerator
genedh X reference: Y

50Q output
catibration
Ccal = Cprobe )j’l resistor
O 500
probr?

Figure B.1 — Calibration set-up (Step 1)

NOTE The ground cable has to be run close to the probe to avoid induced voltages caused by the magnetic field.
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Step 2:

Using the same values as set for step 1, in the second step the matching circuitry is connected to the antenna
output. The capacitor C4 on the antenna board is used to tune the phase to zero.

_ e
closed figure: ¢ =0 _ ya I
~ angle
ESNE "7,"/ corresponding
o L0 O
p4EM
‘ [
Oscilloscope
Signal
gengrator
==t X reference: Y output
i R=50Q Antenna coll
| I :n 1. - \
| |_Y_ impedance _/F\
: 13,56 MHz ' = e matching
! : 100 O cal = “probe network _\/
: O
| | H e
L — — —_—— — — probe; . .
C4 Phase calibration

Figure B.2 — Calibration set-up (Step 2)
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Annex C
(normative)
Sense coil
C.1 Sense coil layout
Figure¢ C.1 illustrates sense coil layout.
170

connegtions

170
100
_|_

70

Figure C.1 — Layout for sense coils aand b

Dimensions in millimeters (drawings are not to scale).

The sense coil track width is 0,5 mm with relative tolerance + 20 % (except for through-plated holes). Size of
the coils refers to the outer dimensions.

Printed circuit board (PCB): FR4 material, thickness 1,6 mm, double sided with 35 um copper.

NOTE Such printed circuit boards are available from various commercial sources.
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C.2 Sense coil assembly

Figure C.2 illustrates sense coil assembly.

Test PCD Antenna

N

—' connections

13,56 MHz
\

Sense coil a
Sense coil b

Figure C.2 — Sense coil assembly
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Annex D
(normative)

Reference PICC antenna layout

Figure D.1 illustrates Reference PICC antenna layout.
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3 r=38mm | 3 (.\.‘ ~8|s 8 <|? 1
| y, i M o (It
| 3 .\ 1Y) |
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! r=2mm i ! i
& ) J ) : r=tmm |
i 0900Q000QOCS % 3 ( XXX XXX XX X J %
ao;010010{0 ,,,,,,,,, _ e 0;03010 ,,,,,,,,, i
(View from frant, Pick up coil) (View from back, Main coil)
Figure D.1 — Antenna layout

Dimepsions to track\eenter (drawings are not to scale).

The Rick up ceikand the Main coil shall be concentric.

The tyvo ceils.track width and spacing shall be 0,5 mm with a relative tolerance of + 20 %.

Printdd-circuit board (PCB): FR4 material, thickness 0,76 mm with a relative tolerance of + 10 %, double sided

with 35 Im copper.

NOTE 1 At 13,56 MHz the inductance of the Main coil L1 is 2,3 yH £ 10 % and the resistance is 1,8 Q + 10 %.

NOTE

NOTE

2 At 13,56 MHz the inductance of the Pick up coil L2 is 375 nH £ 10 % and the approximate resistance is
0,65Q + 10 %.

3 Such printed circuit boards are available from various commercial sources.
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Annex E
(normative)

Modulation index and waveform analysis tool

E.1 Overview

The working principle of the modulation index and waveform analysis tool is illustrated in Figure E.1.

Sampling

l

Filtering

Conditioning

v

Envelope Generation

|

Envelope Smoothing

Processing

Modulation Index

I

Timings

Over-/Undershoot

Parameter
Determination

Each block is|described in following.clauses.

E.2 Sampling

Figure E.1 — Modulationindex and waveform analysis tool block diagram

The oscilloscppe used.for signal capturing shall fulfill the requirements defined in 5.1.1. The time and vopltage

data of one modulation pulse (see Figure E.2) shall be transferred to a suitable computer.

34
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‘ ||
2

Figure E.2 — Modulation pulse

A 4thlorder, Butterworth type band pass filter with center frequency of 18,56 MHz and 10 MHz 3-fiB bandwidth
shall pe used for filtering the DC and higher harmonic components:..The filter characteristic i illustrated in

Figure E.3.
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E.4 Envelope generation

The filtered signal shall be Hilbert transformed and the magnitude of this complex transform represents the
signal envelope.

E.5 Envelope smoothing

The signal envelope shall be smoothened with a moving average filter and the filter period shall be one carrier
period. The smoothened envelope signal is illustrated Figure E.4.

E.6 Modu

The initial an
smoothened

Rl R R R L Lt LT LT T LT -
- | | ' v v v v v

38y i nitial envelope i
37 L. signal amplitude

36 BRR - - -2 e L
3.4 AR SR SO S A— ;

33 | s T S S

Modulated /-
: . envelope signal .
3 i amplitude. " - :

32

()

-----------------------------------------

\M AT

Figure E.4 — Envelope smoothing

ation index‘determination

] modulated envelope signal amplitudes shall be determined by calculating the histogram
envelope signal. The most frequent values correspond to the initial and modulated eny

of the
elope

signal amplity

deFor Type A modulation signals only the initial envelope signal amplitude shall be deter

mined

using the histogram approach.

E.7 Timing determination

The rise and fall times should be determined according to the definitions in ISO/IEC 14443-2:2010.

36
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E.8 Overshoot and undershoot determination
The already smoothened envelope signal shall be further smoothened by a moving average filter over 3

carrier periods before determining the overshoot and undershoot values according to the definitions in
ISO/IEC 14443-2:2010.

E.9 Program of the modulation index and waveform analysis tool (informative)

The following program written in C language gives an example for the implementation of the modulation index
and waveform analysis tool.

The ¢ implementation consists of 6 different files which should be placed in the same folder.
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E.9.1 structures.h

/*************************************************************************/

/*structures.h

*/

/*This code contains the structures to save important results */
/*************************************************************************/

#ifndef STRUCTURES H
#define STRUCTURES H

typedef struct esl
{

double wvjo+&s
double fime;
struct gsl *sig;
}ESL;
typedef sfruct times
{
double {f; // Type B
double dr; // Type B
double Y; // Type B
double frstartind; // Type B
double Hrendind; // Type B
double Yfstartind; // Type B
double Hfendind; // Type B
double H1; // Type A (all bit rates)
double flstartind; // Type A (all bit rates)
double flstart; // Type A (all bit rates)
double flendind; // Type A (all bit rates)
double H2; // Type A
double Hf2startind; // Type A
double Y2start; // Type A
double Y3; // Type A
double Y{3end; // Type A
double H3endind; // Type A
double H{4; // Type A
double f4endind; // TypenA
double t5; // Type X (Higher bit rates)
double f5startind;%// Type A (higher bit rates)
double H6; // TypevA (higher bit rates)
double H6end; (/*Type A (higher bit rates)
double f6endind; // Type A (higher bit rates)
double 4&; /Y JType A (higher bit rates)
double gplebne; //Type A (higher bit rates)
}TIMES;

typedef struct shootreader
{
double shootind;
double shootind b;
double hf reader;
double hr reader;
double above;
double above Db;
} SHOOTREADER;

#endif
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E.9.2 fftrm.h

/************************************************************************/
/*fftrm.h */
/*This i1s the header file for fftrm.c */

/************************************************************************/

#ifndef FFTRM H

#define

#def

#defi

type
type
type
type
int

int

void

void

#end

ine
ine

FFTRM H

RE(z) ((z).r)
IM(z) ((z).di)

He £
He f
He
He £

i f

rffts
Fiffts
zfftrmc (doublecomplex *X,
rmpo

float real;

double doublereal;

struct { real r, i; } complex;

struct { doublereal r, i; } doublecomplex;

(int debug,
(int debug,

doublecomplex *X,
doublecomplex *X,
int M,

int M);
int M) ;
int P, float

(int *rv, int *rvp );

© ISO/IEC 2011 — All rights reserved
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E.9.3 fftrm.c

/*******************************************************************************/
/*fftrm.c */
/*This code contains the necessary function for Fourier and inverse Fourier */
/* transformation */

/*******************************************************************************/

#include <stdio.h>
#include <math.h>
#include <malloc.h>
#include " FEEEem—h!

#ifndef M [PI
#define M |[PI 3.1415926535897932384626433832795
#endif

float *WR;
float *WI;

doublereall *DWR;
doublereall *DWI;

void rmpo( int *rv, int *rvp )
{
int vallue h;
int n;

n=1;
*rvp =
value H = 1;

while value h > 0 )
{
valge h = *rv - n;
(*rvp) ++;
n +9 n;

}

void zfftymc( doublecaomplex *X, int M, int P, float D )
{
int MvZ4,MM1,J, VK, L, LE,LELl, IP, IQ, IND, IND1,R;
int 11,[01;
float A, B;
float WCOS,WSIN;
float VRWVI;

float ARG;

static int IPOTC;
static float DALT;

DWR = (doublereal *)calloc (M, sizeof (doublereal)):;
DWI = (doublereal *)calloc(M,sizeof (doublereal));
/* 1if (IPOTC == P & D == DALT) goto warmstart; */
IPOTC = P;

DALT = (float)D;

LE = 1;

40
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IND = 0;

for (L=1;L<=P;L++)
{

LE1l = LE;

LE = LE*2;

DWR[IND] = 1.0;

DWI[IND] = 0.0;

ARG = (float)M PI/(float)LEl;
WCOS = (float)cos (ARG)

WSIN = (float) (D*sin (ARG)) ;

ISO/IEC 10373-6:2011(E)

for (R=1;R<=LE1l;R++)

{
IND1 = IND+1;
A = (float)DWR[IND];
B = (float)DWI[IND];
DWR[IND1] = A*WCOS - B*WSIN;
DWI[IND1] B*WCOS + A*WSIN;
++IND;

/F warmstart: */
My2=M/2;
MM1=M-1;

JE1;

fpr (I=1; I<=MM1l; I++)

if (I >= J)

goto P1l;

Jl = J-1;

I1 = I-1;

VR = (float)RE(X[J1Y);
VI = (float)IM(X[J1l]);
RE(X[J1]) =\RE(X[I1]):
IM(X[J1]) =/IM(X[I1]);
RE (X [LX]) = VR;
IM(R[FL]) = VI;

© ISO/IEC 2011 — All rights reserved
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for (R=0; R<LEl; R++)

{
WCOS = (float)DWR[IND];
WSIN = (float)DWI[IND];
IND = IND+1;
for (IQ=R; IQ<M; IQ+=LE)
{

IP = IQ+LE1l;

A = (float)RE(X[IP]);
B (float) IM(X[IP])

VR A*WCOS - B*WSIN;
VI = B*WCOS + A*WSIN;

RE(X[IP]) = RE(X[IQ]) - VR;
IM(X[IP]) = IM(X[IQ]) - VI;
RE(X[IQ]) = RE(X[IQ]) + VR;
IM(X[IQ]) = IM(X[IQ]) + VI;
}
}
}
free (DWR) ;

Y —— */
/* 1-D HFT with respect to a spatial cooxdinate */
/*:::::::::::::::::::::::::: _________________________ */
int zffts( int debug, doublecomplex *X,\int M )
{

int P;

float 0,

D= -1.0;

rmpo ( &M, &P);

if ( dgbug )

{

printf ("P =%d\n",P);
priftf ("FEE/. . .\n");

}

zfftrmc—%—M—P+—P) * fftem-o—X

return 0;
}
[ *r===== S —— */
/* 1-D Inverse FFT with respect to a spatial coordinate */
2 — */
int ziffts( int debug, doublecomplex *X, int M )
{

int 1i;

int P;

float D;
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D=1.0;
rmpo ( &M, &P);

if ( debug )
{
printf ("P = %d\n",P);
printf ("IFFT ...\n");
}

zfftrme( X, M, P, D); /* fftrm.c */

/F Multiply with 1/M */

fpr (i=0; i<M; i++)
{
RE(X[1]) /= (doublereal)M;
IM(X[1]) /= (doublereal)M;

rpturn 0;
}/*Ehd of fftrm.c*/

© ISO/IEC 2011 — All rights reserved
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E.9.4 hilbert.h

/***************************************************************************/
/*hilbert.h */
/*This code contains the necessary functions for extracting envelope */

/***************************************************************************/

#ifndef HI
#define HI

LBERT H_
LBERT H_

/*This function reads the sampled data recorded in the file*/

int ReadD

i [z ) -
=\

/*This furn
void Fft (v

/*This fun
void Phasg

/*This furn
void Ifft

/*Envelopd
int Enveld

/*Hilbert
void hilbg

#endif /*

=<7 7

ction performs the Fourier transform*/
oid) ;

ction performs the necessary phase shift*/
Shifting(void);

ction performs the inverse Fourier transform*/
void) ;

reconstruction is done by this function*/
peReconstruction (void) ;

main function*/
rt (char *fnamep);

HILBERT H */

44
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E.9.5 hilbert.c

/** * X ok Kk *x k* Kk Kk K*x X * Kk Kk *x * * Kk KX *x * * Kk *x * * Kk *x *x * * * *x *x * * /
/ * * * This program extract the envelope of modulated carrier *oxox
/ * k5 % Input: * k5 % /
/ * * * File in text format containing a table of two columns * ok ox )
/ * * * (time and test PCD output voltage wvd) * ok ox o/
/ * k*  * * kx % /
/ * * * Data format of input-file: *oxox
/ * k% % * kX % /
/ * * * One data-point per line, * ok ok
/ * x x Xk /
/ * F * {time[seconds], sense-coil-voltagel[volts]) iR/
/ * K % * Nk | * /
/ * [ * Data-points shall be equidistant time o
/ * F * Minimum sampling rate: 100 MSamples/second * x|k /
/ * [ * example for spreadsheet file (start in next line): * k| x o/
/ * F * (time) , (voltage ) * k| x o/
/ * F * 3.00000e-06,1.00 * x| x )/
/ * F * 3.00200e-06,1.01 * x| *x )
/ * K % * x| % /
/ * K % Run: * x| % /
/ * F * hilbert Filename.txt O B
/ * K % or * k| % /
/ * F * hilbert (default file name input.txt) * k| x o/
/ * K % * x| % /

/********************************************************************** k**/

/*hillbert.c */
/*Mafin program */
/********************************************************************** k**/

inplude <stdio.h>
inklude <math.h>
inplude <malloc.h>
infplude <ctype.h>
inplude <string.h>
inglude "fftrm.h"

H= = o H

#deffine MAX POINT 200000

#ifnfef M PI

#deffine M PI 3481415926535897932384626433832795
#endfi £

int Hebug=0;
int [fftdebug=0;

double *Gvalue;

double *Gtime;

double *Gr;

double *Gi;

double *Gc;
doublecomplex *Gt ifft;

/*File containing the input data*/
char *InputFileName ="input.txt";

int SampledPoints=0;

int N;
int row;
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const int col=2;

int ReadData (void)

{

46

float a,b;

int i=0;

FILE *fpl;

i=0;

SampledPoints=0; //IA

if ((fpl = fopen (InputFileName,"r")) == NULL)
{

priftf ("Cannot open input file.\n");
retyrn 1;

}

while (!|feof (fpl))
{
fscdnf (fpl, "%e, se\n", &a, &b);

Gtime [SampledPoints] = a;

Gvallue [SampledPoints] = b;

SamgledPoints++;

if (SampledPoints>= MAX POINT) break;
}
fclose (fpl) ;

fpl=fogen ("inputfile.txt","w");
if (!'fgl)
{

fprijntf (stdout, "Can't write the sampléd data in inputfile.txt. \n");

retyrn 1;

}
for (i=(Q; i<SampledPoints; i++)

fprintfl(fpl, "$e\n",Gvalue[i]); /%Gtime[i] has been omitted*/
fclose (fpl);

if (debyg)
{
fplqfopen ("inputtimeltxt", "w") ;
if ('fpl)
{

[

printf (st@eut, "Can't write the sampled data in inputtime.txt.
Heturn I

\n") ;

for (|i=0¢ ,i<SampledPoints; i++)
fpringf (fpl, "$e\n",Gtime[1i]); /*Gtime[i] has been omitted*/
fcldsetEpts
}
if (debug)
{
if ((fpl=fopen ("inputfile.bin","wb")) !'=NULL)

{
fwrite (Gvalue, sizeof (double), SampledPoints, fpl);

fclose (fpl);

}

if (SampledPoints<N)
{
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for (i=SampledPoints; i<=N;i++)
{
Gvalue[i] = 0;

}

return 0;
}/*End Of Function ReadData;*/

void

{

Fft (void)

doublecomplex *Gt freq;

b

@)

H >

[N

N

=~

-

[LE *fpl, *fp2, *fp3;
nt k,numl,num?2;

L freq = (doublecomplex *)calloc(sizeof (doublecomplex) , row)s

* FFT Procedure Starts for Sampled Data*/
br (k=0; k<=N; k++)

RE (Gt _freqg[k])=Gvalue[k];

IM(Gt freq[k])=0.0;

f (debug)

if ((fp3=fopen("f.bin","wb")) !'=NULL)
{

fwrite (Gvalue, sizeof (double), row, fp3) ;
fclose (fp3);

ffts (fftdebug, Gt freq, row)y; /*FFT is done in spatial coordinate*/
br (k=0; k<=N; k++)

Gr[k]=RE (Gt_freqlk]);
Gi[k]=IM(Gt fwegl[k]);

¥ FFT Procedure Ends for Sampled Data*/

* Writindg The Real And Imaginary Part Of Reflected Part for Debugin
- Writdwg the real part of sampled data*/

. (debug)

y*/

if ((fpl=fopen ("Gr.bin","wb")) !'=NULL)

{
numl=fwrite (Gr, sizeof (double), row, fpl);
fclose (fpl);

}

else
fprintf (stdout,"Can't Open Gr.bin");

// Writing the img part of sampled data
1if ((fp2=fopen ("Gi.bin","wb")) !'=NULL)
{
num2=fwrite (Gi, sizeof (double), row, fp2);
fclose (fp2);

© ISO/IEC 2011 — All rights reserved
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}

else
fprintf (stdout,"Can't Open Gi.bin");

fprintf (stdout, "Num of Real Part Data after FFT =

$d\n", numl) ;

fprintf (stdout, "Num of Img Part Data after FFT = %d\n",num2) ;

}

free (Gt _freq);

}/* End Of The Function Fft */

void PhasgShifting(void)
{

double |*tempr, *tempi;

int k;

FILE *flpl;

tempr H (double *)calloc(sizeof (double), row);
tempi H (double *)calloc (sizeof (double), row);

for ( K=0; k<=N; k++ )
{
temgr [k]=Gr[k];
temgi[k]=Gil[k];

for ( K=0; k<=ceill (N/2); k++ )

Gr[H] = tempilk];
—-temprlk];

[0}

-

o
Il

for ( K=(int)ceil (N/2)+1; k<=N; ck++ )

Gr[Hq] = -tempilk];
Gi[H] = temprlk];
}
if (debyg)
{
if ((fpl=fopenffrpt.bin","wb")) !=NULL)

flwrite(Gr, sizeof (double), row, fpl) ;
flclogefpl) ;

lf( N o (W EE ot Ll o T Wl WY Y | NITIT T\
(EFpr—repept—F Pt Wo— ) 1——troo

{
fwrite (Gi, sizeof (double), row, fpl);
fclose (fpl);
}
}
free (tempr);
free (tempi);
}/*End of PhaseShifting() function*/

void Ifft (void)
{
double *Gt tmp; /* It takes the real part of R ifft*/

48
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double *Gt tmpi;

FILE *fpl;

int k,1i;

Gt _tmp = (double *)calloc(sizeof (double),row);
Gt_tmpi = (double *)calloc(sizeof (double), row);

for (k=0;k<=N;k++)

{
Gt _ifft[k].r=Gr[k];
Gt_ifft[k].i:Gi[k];

ziiffts (fftdebug,Gt _ifft,row);/*IFFT of the signal in spatial coordingte*/

/V End of IFFT
fbr (k=0;k<=N; k++)

Gt _tmp[k]=Gt ifft([k].r;

-

f (debug)

fpl=fopen("ifft.txt","w");
if (!fpl)

fprintf (stdout,"Can't write in file'V,;
for (1=0; i<=N; i++)

fprintf (fpl,"%.4e\n", (Gt _ifft[i] &) 7 ;
fclose (fpl);

-

f (debug)

if ((fpl=fopen("iffrpt.bin,"wb")) !=NULL)

{
fwrite (Gt tmp, sizgof(double), row, fpl);
fclose (fpl);

}

if ((fpl=fopen("tffipt.bin","wb")) =NULL)

{
fwrite (GE_tmpi, sizeof (double), row, fpl);
fclose (fpl) ;

}

H —

ree (Gtoemp ) ;
free (Gt tmpi );
}/* Edd ,Of Function Ifft*/

int EnvelopeReconstruction (void)

{
FILE *fpl;
int k;

doublecomplex *G; /*Input signal read from input file in complex form*/
doublecomplex *Ganalytical;/*Analytical function of our input signal*/

double *test;

double *sqgrtr;
double *sqrti;
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sqgrtr[k]l=qgrt (Ganalytical[k].r*Ganalytical[k].r+Ganalytidalik].i*Ganalyticall

}

G = (doublecomplex *)calloc(sizeof (doublecomplex), row);
Ganalytical = (doublecomplex *)calloc(sizeof (doublecomplex),row) ;

test =
sgrtr=
sqrti=

(double *)calloc (sizeof (double), row);
(double *)calloc(sizeof (double), row);
(double *)calloc (sizeof (double), row);

for (k=0;k<=N;k++)

{

RE (G[k]) = Gvaluelk];
IM(G[k]) = 0.0;

for (kH0;k<=N;k++)

RE (danalytical[k])=G[k].r;
IM(Janalytical[k])=Gt ifft[k].r;

for (kH0;k<=N; k++)

fpl=fogen ("output.txt","w");
if (!'fgl)

{

fprijntf (stdout,"Can't write extracted énvelope in output.txt.\n");
freq(
fred(
fredq(test);
fredq(
fred(
retyrn 1;

}

for (k=
fprintf (fpl, "%e, $e\n"; Gtime [k],sqrtr[k]);
fclose

free
free
free
free

— e~~~

G
G
t
sqrtr) ;

free (sqrtif;
return

=

G);
Ganalytical);

sgrtr) ;

sqrti);

(; k<SampledPoints; (kj+)
fpl);

)|

dnalyticaldy
qst) ;

07

/*Main Function*/
void hilbert (char *fnamep)

{

50

int status=0,i=1;
char fname[256];
strcpy (fname, fnamep);
InputFileName= fname;

//Reading the sampled data

do
{

N=(int)pow(2,1)-1;
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i++;
}while (MAX_POINT > N);

if (debug)
printf ("N= %d\n",N);

row=N+1;

Gvalue = (double *)calloc(sizeof (double), row);

Gtime = (double *)calloc (sizeof (double), row);

Gr = (double *)calloc(sizeof (double), row) ;

Gi = (double *)calloc(sizeof (double), row);

GE_ifft = (doublecomplex *)calloc(sizeof (doublecomplex), row);
Gk = (double *)calloc(sizeof (double), row);

]

Fatus = ReadDatal() ;
f (status== 1) goto MainExit;

-

*Does FFT*/
tt ()

LIS

~

*Appropriate Phase has been Shifted*/
haseShifting();

g

~

Does IFFT*/
Cft () ;

H

~

*Envelope Reconstruction */
Fatus = EnvelopeReconstruction();
f (status== 1) goto MainExit;

R

HinExit:

ree (Gvalue) ;

ree (Gtime) ;
(Gr) ;

ree (Gi) ;

ree (Gt _ifft);
(Ge) ¢

Hh Hh Hh b b Hh R
I}
[0)
0)

}/*Ehd Of Main*/
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E.9.6 functs.c

/******************************************************************************/

/*functs.c * /
/*This code contains all functions which provide the program functionality. */
/*Main function of the whole program can be found at the end of this file. */

/******************************************************************************/

#include <stdio.h>
#include <stdlib.h>
#include <string.h>

#include <etyperh
#include <math.h>
#include "[structures.h"
#include "lhilbert.h"

#define MAX SAMPLES 200000
#ifndef M |PI

#define M |[PI 3.1415926535897932384626433832795

#endif

// Reads g line from a file

(£)

and returns two char arrays
// It is Ysed to read files written in "comma separatiom'-format.

void read |line (FILE *f, char *s, char *t)

{
int a=(;
int i=(;

a=fgetd(f); /* Takes chars from the file pointed by f */
while (isspace(a)) /* spaces at the begimning of line are taken out */

a=fdetc (f);
while (a!=',' && a!=EOF)

t[iH+]=(char)a;
a=fdetc (f);

t[i]="\O0";

a=fgetd(f);
while (a'='\n' &&Va.l=EOF)

s[iH+]1=(chan)a;
a=fdetc (£)

s[1i]="\O'%

(s and t)

/* spaces\at the beginning of line are taken out [/

/* We add the line end */

}

// Reads a line from a file
void skip line (FILE *f)
{

int a=0;

a=fgetc(f);
while (a'!='\n' && a!=EOF)
{
a=fgetc (f);
}

52

(£)

and discards it.
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// Creates a ESL node with the given volt and time parameters
ESL *createnodef (double voltf, double timef)
{
ESL *new=NULL;
new= (ESL *)malloc (sizeof (ESL));
if (new!=NULL)
{
new->volt=voltf;
new->time=timef;
new->sig=NULL;

ellse
fprintf (stderr, "Memory Error");
return new;

// Flees the allocated memory for ESL nodes
void| freelist (ESL *first) // frees ESL list

52l

BL. *to_ free;
hile (first->sig!=NULL)

-~ =

to free=first;
first=first->sig;
free(to_free);

// Cleates a TIME node with the given volt and time parameters

void| createtime (TIMES *new, double tx¥) double tf, double b, double trst

doublle trendind, double tfstartind, “double tfendind, double t1,

double

tlsthrtind, double tlstart, double“tlendind, double t2, double t2starti
t2sthrt, double t3, double t3end,” double t3endind, double t4, double t4
doubjle t5, double tbstartind,~double t6, double t6end, double t6endind,

doublle tploone)

cw—->tf=tf;

bw—>tr=tr;

bw—>b=b;
bw—>trstartind=trstartind;
bw—->trendind=frendind;
bw—->tfstaktind=tfstartind;
bw—>t fendind=tfendind;
bw—>tT =t
bw—YtMstartind=tlstartind;
>t lstart=tlstart;

tlondioad_+1 "2 .
croha T T et T

o e e e Re Re e e e e Je)

hrtind,

hd, double
bndind,
double a,

new->t2=t2;
new->t2startind=t2startind;
new->t2start=t2start;
new->t3=t3;
new->t3end=t3end;
new->t3endind=t3endind;
new->t4d=t4;
new->t4endind=t4endind;
new->t5=t5;
new->t5startind=t5startind;
new->to6=t6;
new->toend=t6end;
new->toendind=t6endind;

o7
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new->a=a;
new->tploone=tploone;

}

// Inserts a ESL node (new)

in a list pointed by "first"

void insert node (ESL **first, ESL *new)

{
ESL *p=NULL;
ESL *previous=NULL;
if (new!=NULL)
{
p=*first;

if (p==NULL)

Hfirst=new;

while (p!=NULL)

previous=p;
p=p->sig;

ze}

}

/* Multipllies order polynomials supposing
/* b and d are complex values stored in a table where even elements are */

revious->sig=new;

/* real and odd elements imaginary */

double *mylt poli (int num pol, double *Dbj double *c)

{
int i=0;
int y=0;
double|*real;
double | *imag;
double|*vector;
double|*new real;
double|*new_imag;
double|real b=0;
double|real c=0;
double |imag b=0;
double|imag c=0¢

real= (doulbTe* *)calloc (4*num pol,
imag=(dlouble *)calloc(4*num pol,

sizeof (double)
sizeof (double)

1 oo £ (Ao

(X"22% b*x + ¢) */

[~

new reidt——douvblte—*)recallt
new:imag:(double *)calloc (4*num_pol,
vector=(double *)calloc(4*num pol,

54

I pum—pedt—os £{doubt
sizeof (double
sizeof (double)) ;

© ISO/IEC 2011 — All rights reserved


https://iecnorm.com/api/?name=e3ceafbae4c0d2f65a15fa2f43964196

ISO/IEC 10373-6:2011(E)

for (y=1; y<num pol; y++)

{

// Selects values b and c
real b=b[2*y];

real c=cl[2*y];

imag b=b[2*y+1];

imag c=c[2*y+1];

for (i=0; i<=(2*num pol-2); i++)

{
// Starts with coeff "c"
new real[i]+=realli]*real c-imag[i]*imag c;
new imag[i]+=realli]*imag c+imag[i]*real c;
// Continues with coeff "b"
new real[i+l]+=reall[i]*real b-imag[i]*imag by
new imag[i+l]+=realli]*imag b+imag[i]*real b7
// Finishes with coeff "1"
new real[i+2]+=realli];
new imag[i+2]+=imag[i];

}

// Update Values
for (i=0;i<(4*num pol); i++)
{
reall[i]=new realli];
imag[i]=new imagl[i];
new real[i]=0;
new imag[i]=0;

flor (y=0; y<(2*num popl); y++)

vector[2*y]=imagly];
vector[2*y+fl)=really];

flree (new<{Imag);
flree (hew real);
flree( (imagqg) ;
flrég, (real) ;

return (vector);

}

// Part of the calculation of the butterworth coeffs.
double *butter d coeffs(double freql, double freg2)
{

int butter order=2;

int index=0;

double theta=0; // M PI *(freg2-freql)/2.0
double cp=0; // cosine of phi

double *vec r=0; // z”-2 coefficients
double *vec t=0; // z”-1 coefficients

double *dcoeff=0; // d coefficients
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double pole ang=0; // pole angle
double divisor=0;

cp = cos (M PI*(freg2+freql)/2.0);
theta = M PI*(freg2-freql)/2.0;

vec_r=(double *)calloc(2*butter order,sizeof (double));
vec_t=(double *)calloc(2*butter order,sizeof (double));

for (index=0; index<butter order;++index)

{
pole ang=M PI* (double) (2*index+1) / (double) (2*butter order) ;
divisor=sin (2*theta) *sin(pole_ang)+1.0;
vec| r[2*index]=cos (2*theta) /divisor;

vec| r[2*index+1]=sin(2*theta) *cos (pole_ang) /divisor;
vec| t[2*index]=-2.0*cp* (cos (theta) +sin(theta) *sin(pole ang))/digisor;
vec| t[2*index+1]=-2.0*cp*sin (theta) *cos (pole ang)/divisor;

}
dcoeffl=mult poli (butter order,vec t,vec r);

dcoeffl[4]=dcoeff[1];
]

dcoeff[3]=dcoeff[3];

dcoeff[2]=dcoeff[5];

dcoeff|[l]=dcoeff[7];
dcoeffl[0]=1;

for (index=5; index<=2*butter order;index++)
ddoeff[index]=0;

free(vec_t);
free(Vec r);

return (dcoeff) ;

}

// Calculdtes the Butterworth f@Iter coefficients
void buttgqrworth coeffs(doubley*freql, double freq2, double *dfiltercoeff, douple
*cfiltercgeff)
{
// n flilter order
// fregql, freqg2 lower/uppercutoff frequencies

doubld sf; // scaling factor
doubld *dco&ff; // d coefficients
doubld cofan=0; // cotangent of theta

ot ont x

TCTCehtTS

£
freql, freqg2);

/* callegdlate +the d coef

dcoeff=butter d coeffs

/* d coefficients for 4th order butterworth */
dfiltercoeff[0]=dcoeff([0]; // Always 1

dfiltercoeff[l]=dcoeff[1l];
dfiltercoeff[2]=dcoeff[2];
dfiltercoeff[3]=dcoeff[3];
dfiltercoeff[4]=dcoeff[4];

/* scalling factor for the c¢ filter coefficients (Butterworth 4th order */
cotan=1.0/tan(M_PI* (freq2-freql)/2.0);
sf=(1.0/(((cotan+sqgrt (2)/2) * (cotan+sqrt (2)/2))+1/2));
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/* ¢ coefficients for 4th order butterworth*/
cfiltercoeff[0]=1*sf;

cfiltercoeff[1]=0*sf;
cfiltercoeff[2]=-2*sf;
cfiltercoeff[3]=0*sf;
cfiltercoeff[4]=1*sf;

free (dcoeff);
}

// Checks if the data input is adequate to our algorithms

ISO/IEC 10373-6:2011(E)

int datacheck (int posval, int negval, int samplesp, double tlast,FILE *pointfile)

{
buble diffr=0.0;
har timestrl[25];
har timestr2([25];
har voltstr([25];
buble timestrfl=0;
buble timestrf2=0;
buble cut sample=0;
puble delta t=0;
buble val t=0;

Nt loop=0;

buble 1inf=0;

nt 1ind=0;

PO P00 0 00 0 Q Q0

~

Checks that there are
iff (posval>negval)
diffr=(posval-negval)/ ((posval+negwval)/2);
ellse

diffr=(negval-posval)/ ((posvalirdéegval)/2);

f (diffr>0.8)
fprintf (stdout, "Data Corrupted: Too little negative
valugs\n") ;

-

/V L=n*p with P=2*pi and n=1,2,3... - Cuts data
rewind (pointfile);

rpad line(pointfile,voltstr, timestrl);
rpad line (pointfile,voltstr, timestrl);
rpad line(pointfile,voltstr, timestrl);
not

=

rad linpeXpointfile,voltstr,timestrl);
hile (wveltstr[0]!'="\0")

-~ =

read line(pointfile,voltstr,timestr2);

il el e

(nearly) much pésitive as negative values

(or positive)

// Skips csv header if present or

-+ 7

}
loop=loop+3;

rewind (pointfile);
for (lind=0; lind<loop; lind++)
{
read line(pointfile,voltstr, timestr2);

}

// t(4)
// t(end)

timestrfl=atof (timestrl);
timestrf2=atof (timestr2);

cut sample=((1/13.56e6)/ ((timestrf2-timestrfl)/(loop-1)));

linf=samplesp;
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while (1linf>0)
{

linf=linf-cut sample;
}
linf+=cut sample;
samplesp=samplesp-1inf-3;

// At least 7 points per sample
delta t=tlast-timestrfl;
val t=delta t/samplesp;
if (val t>(1/13.56e6)/7)

fprintf (stdout, "More samples points needed - Nyquist\n");

return |(samplesp) ;

}

// Finds the most frequent value(s) of the given signal,
Hmin (Typq B) .
void Hmaxflinder (double *env, double *Hmax, double *Hmin,

{

int hidt[2001]1={0}; // IA Changed memory access violation.\JIncreased +1

int hi |low i=0;
double [tophist=0;
double [bothist=100;
double |[diffhist=0;
double |value=0;

int hidtind=0;

int may i=0;

int min i=0;

double max=0;
double min=0;

// Finds higher and lower values of;samples

for (hi low i=0; hi low i<MAX SAMRRES; hi low i++)

{
if (env[hi low i]!=0)
{

Jf (env[hi low i]<béthist)

bothist=env[hi low i];

Jf (env[hi low _i}>tophist)

}

}
diffhidqt=tophist-bothist;

for (hi low ;3=0; hi low_i<numsamples; hi low_ i++)

{

if (epsfhi—Teow—3+1=09

tophist=env{bi low i]; // Finds limits for the histogram

Hmax (Types)&/B) and

int num§amples)

{
value=env[hi low 1i];
histind=(int) (2000* ( (value-bothist)/diffhist));
quantization
hist[histind]++;
}
}

for (hi low i=0; hi low i<1000; hi low i++)
{

// Performs a lineal

if (hist[hi low i]>min) // Searches most frequent value in the lower

half of the form
{

58
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}

min=hist[hi low 1i];
min i=hi low i;
}
*Hmin= (bothist+ (diffhist/2000)* (min 1i));

for (hi low i=1001; hi low i<2000; hi low i++)

{

ISO/IEC 10373-6:2011(E)

if (hist[hi low i]>max) // Search most frequent value in the upper half
of the form

{

max=hist[hi low 1i];

max_i=hi low i;
}
*Hmax= (bothist+ (diffhist/2000) * (max 1i));

// Liinear convolution (z= x convolve V)

void

B b QL

N

}

LinearConvolution (double X[],double Y[], double Z[],

buble *zptr,s, *xp, *yp;

ht lenz;
ht i,n,n lo,n hi;

Enz=lenx+leny-1;
btr=2;

pbr (1=0;i<lenz;i++)

s=0.0;

n lo=0>(i-leny+l)?0:i-leny+1;
n hi=lenx-1<i?lenx-1:1i;
xp=X+n_ lo;

yp=Y+i-n lo;

for (n=n_lo;n<=n_hijfn*+)
{

St=*xXp * *yp;

Xpt++;

yYp-—=7s
}

*zptr=s;
zptrd+;

nt lenx,

int

leny)

int envfilt (double *output, double *toutput, int filterlength, double tini,

doub

{
i
i
d
i
d
d
d
i
i

© 180/

le tend, int lengthp, double *envelope)

nt cofpi=0;

nt xx=0;

ouble cofp=0.0;

nt lengthpl=0;

ouble lengthf=0;
ouble cof[2000]={0};
ouble points=0.0;

nt pointsi=0;

nt lengthtotal=0;

IEC 2011 — All rights reserved
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cofp=(73.75e-9)/ ((tend-tini)/ (lengthp)) ;
cofpi=cofp+0.5;

lengthf=cofpi*filterlength;
points=(5*73.75e-9)/ ((tend-tini)/ (lengthp-1));
pointsi=(int)points+l;

lengthpl=lengthp;

for (xx=0; xx<lengthf; xx++)
cof [xx]=1/lengthf;

for (xx=lengthf+l; xx<2000; xx++)
cof [xx]=0;

Lineardonvolution (cof, output, envelope, lengthf, lengthp);

for (xx=0; xx<(pointsi); xx++) // "Cuts" envelope

{
enveglope [xx]=0.0;
touyput [xx]=0.0;
envglope[lengthpl-xx]=0
touput [lengthpl-xx]=0. O

}

for (xx=lengthpl+l; xx<MAX SAMPLES; xx++)
{
enveglope [xx]=0
toufput [xx]=0. O

}

lengthfotal=lengthpl-2* (pointsi) ;
return |(lengthtotal);
}

// Perfornls the search of a certain level (target) in the envelope, i.e. 5% ,[60%,

90% in Tygde A, 106 kbit/s

int localilzador (double *env, double *toutput, double target, ESL **crosses, inht

env_lengtHh)
{

int flgg=0;

double |[diff;

ESL *ndw;

double |v;

double |[t;

int crdsscountet=0;

int lodat index=0;

int lodat dndex start=0;

while (eavdeecat—dndesc——0-09 Leaves—0s—out

locat index++;

locat index start=locat index;
if (env[locat index]-target>0)
{
for (locat index=locat index start;
locat index<env_length+locat index start-1; locat index++)
{
diff=env[locat index]-target;
if (diff<0 && flag==0 && env[locat index]!=0.0)
after an odd occurrence, envelope is over "target" level
{
flag=1l; // down!

60

// At the beginning or
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v=target;
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t=toutput[locat index-1]+((toutput[locat index]-toutput[locat index-
1])/ (env[locat index]-env[locat index-1])* (target-env[locat index-1]));

new=createnodef (v, t) ;
insert node(crosses, new);
crosscounter++;

}

if (diff>0 && flag==1 && env[locat index]!=0.0)
even) occurrence, envelope is under "target" level

{
flag=0; // up!
v=target;

// After first (or

new=createnodef (v, t);
insert node (crosses, new);
crosscounter++;

}

ellse

return (crosscounter);
appepred

// Flhnction that calculates the relevantikimes

void| tfinder (char type, double *env, double *toutput,
doublle Hmin, int rate, int env_lengthy) TIMES *timeres)

buble *envc=NULL;
buble *envc2=NULL;
5L *crosses=NULL;
5L, *crosses2=NULL;
5L *crosses3=NULL;
5L, *crosses WORK=NULLy
buble ninety=0.0;
buble five=0.0;
buble sixty=0.50;
buble tp90gne=0.0;
buble tpa0&wo=0.0;
buble tpSone=0.0;
buble “tp5two=0.0;
bubleMtp60two=0.0;
bulle vp90one=0.0;

3] 200+ —0 O .
g =a g 7

Q0 0 0 0 0 0 0 0 0 MHEEEOQ Q.

fprintf (stdout,"Signal is not ---| | ——-

t=toutput[locat index-1]+((toutput[locat index]-toutput[lecat index-
1])/|(env[locat index]-env[locat index-1])* (target-env[locat index-1]1N),;

// Returns all occurrences with time and volt Iewel in a list

// Also retiarns how many occurrences

double tini, double Hmax,

double vpb5one=0.0;
double vp5two=0.0;
double vp60two=0.0
double tphione=0.0;
double tphitwo=0.0;

0

0

’

’

double vphione=0.
double vphitwo=0.
double tpmidone=
double vpmidone=
double tploone=0.0;
double tplotwo=0.0;
double vplotwo=0.0;
double t1=0.0;

0;
0.

r

0.
0.
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double t2=0.
double t3=0.
double t4=0.
double t5=0.
double t6=0.
int flag=0;
int flag2=0;
int flag3=0;
int flag improv=0;

int x improv=0;

double minvolt=0.0;
double highrate low=0.0;

~.

~e o e

[oNeoNeNolNe]
~

~e

double f[highrate mid=0.0;
double fhighrate hi=0.0;
double |a=0.0;

double |t6end=0.0;
double |t5startind=0.0;
double |t6endind=0.0;
double |b=0.0;

double [B_low=0.0;
double [B_ hi=0.0;
double [tr=0.0;

double |[t£=0.0;

double |[tfstartind=0.0;
double |tfendind=0.0;
double |trstartind=0.0;
double |trendind=0.0;
double |[t2startind=0.0;
double |[t2start=0.0;
double |tlstartind=0.0;
double |tlstart=0.0;
double |[t3end=0.0;
double |[t4dendind=0.0;
double |[t3endind=0.0;
double |tlendind=0.0;
double |loscmin=0.0;
double |osctmin=0.0;
double |oscmax=0.0;
double |osctmax=0.0;
ESL *cryossescopy=NULL;
double |tim3=0.0;

int index A=0;

int index A2=0;

int index chain<0;

int i=0;

b=Hmin;
envc=enk~

envc2=envc;

switch (type)
{
case 'A':
{

switch (rate)

{

case 106:

{
ninety=Hmax*0.9;
five=Hmax*0.05;
sixty=Hmax*0.6;

62
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flag2=localizador (envc, toutput, five, &crosses2, env_length) ; //
Finds 5% of Hmax
if (flag2==2) // 1f there are two occurrences, there’s no
problem...
{
tpSone=crosses2->time; // Temporary values are stored

for future use

type

occu

the

for future use

vpSone=crosses2->volt;
tpStwo=crosses2->sig->time;
vpStwo=crosses2->sig->volt;
freelist (crosses?);

}
else if (flag2==0) // ...1if there is no occubrence...
fprintf (stdout, "5 percent of Hmax not reached - maybe|wrong

or bitrate? \n");

else if (flag2>2) // ...if there are more than tywo
rrences. ..

{ // ...it must be checked that "peaks" comply
[SO restrictions

while (toutput[index A]<crosses2-Sgig->time)
index A++;

oscmin=envc2[index A];
for (index chain=0; index{¢hain<flag2-2; index chain+t)
{

crosses2=Ccrosses2->31g;

}

while (toutput[index A]<=crosses2->time)
{ if (envc2[dndex A]>oscmax)
{ oscgmax=envc2[index A];
o$ctmax=toutput [index A];
index_A++;

¥

while (envc2[index A2]==0)
{

index A2++;
}

while (envc2[index A2]>oscmax)
[

t

index A2++;
}

oscmin=envc2[index AZ2];
osctmin=toutput[index AZ2];

if (osctmax-osctmin>5e-7)
fprintf (stdout, "Monotony not fulfilled \n");

tpS5one=crosses2->time; // Temporary values are stored

vpSone=crosses2->volt;
tpStwo=crosses2->sig->time;
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Finds 90%

vpStwo=crosses2->sig->volt;
freelist (crosses?);

}

flag=localizador (envc, toutput, ninety, &crosses,env_length) ; //

of Hmax

if (flag>=2)
{
crosses WORK=crosses; // Copy of crosses to work with
while (x improv<flag)
{
if (crosses WORK->time<tpb5one)

stored forq

stored fon

Finds 60%

there’s nd

stored fonq

future use

future use

of Hmax

problem...

future-@se

{

tp90one=crosses WORK->time; // Temporary values fre

vp90one=crosses WORK->volt;

if (crosses WORK->time>tp5two && flag improys=0)
tp90two=crosses WORK->time; // Jeniporary values flre

vp90two=crosses WORK->volt;
flag improv=1l;

crosses_WORK=crosses WORK->sig;
X _improv++;
}

freelist (crosses);

}

else // ...otherwise...

{
fprintf (stdout, "90.1%% of Hmax not found - Noise Too High \n[");

}
flag3=localiz&adpr (envc, toutput, sixty, &crosses3,env_length); //

if (flag3==2) // if there are two occurrences,

{

te60two=crosses3->sig->time; // Temporary values are

vp60two=crosses3->sig->volt;
freelist (crosses3);

}

tl=tp5two-tp90one; // Definitive values are calculated and

stored for display

functions

64

t2=tp5two-tpb5one;
t3=tp90two-tp5two;
t4d=tp60two-tp5Stwo;

tlstart=tp90one; // Other important values for the coming

t2start=tpSone;
t3end=tp90two;
tlstartind=vp90one;
tlendind=vp5two;
t2startind=vp5one;
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t3endind=vp90two;
tdendind=vp60two;

createtime (timeres,0,0,0,0,0,0,0,tl,tlstartind, tlstart,tlendind, t2,t2startind, t2s

tart

// F

ther

for

occu

the

,t3,t3end, t3endind, t4, t4endind,0,0,0,0,0,0,0) ;

}

break;

case 212:
case 424:

case 848:
{
ninety=Hmax*0.9;
while (env[index A]==0.0) // Finds first value di

index A++;

minvolt=env[index A];
while (env[index A]!=0.0) // All,wallues are consi
{ if (env[index Al<minvolt)
{ minvolt=env[index A]; // Einds minimal voltage
index_A++;

}

highrate low=minvolt+0.I¥{(Hmax-minvolt); // Calculates
flag=localizador (envcatoutput, highrate low, &crosses,env_
inds target
if (flag==2) // ...if there are two occurr
s no problem...
{

tploone=grosses->time; // Temporary values ar
future use
tplotwe=crosses->sig->time;
vplotwo=crosses->sig->volt;

}

else if (flag>2) // 1f there are more than two
rrences. ,.$
{ // ...it must be checked that "pea
[SO régse&rictions
while (toutput[index A2]<crosses->time || toutput[ind

index A2++;

Fferent of

Hered

target
| ength) ;

bnces,

t stored

"

ks" comply

ex A2]==0)

oscmin=envc2[index A2];
while (envc2[index A2]<=oscmin)
{
oscmin=envc2[index AZ2];
index A2++;
}

osctmin=toutput[index A2];
Crossescopy=Ccrosses;
for (i=1; i<(flag-1); i++)

Crossescopy=crossescopy->sig;

tim3=crossescopy->time;
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while (toutput[index A2]<tim3)
index A2++;

oscmax=envc2[index A2];
while (toutput[index A2]<tim3)
{
if (oscmax<envc2[index A2])
{
oscmax=envc2[index A2];
osctmax=toutput[index AZ];
}
index A2++;

}

if (oscmax-oscmin> (0.09* (Hmax—-oscmin)))

for (i=1; i< (flag-1); i++)
crosses=crosses->sig;

for futurq use
tplotwo=crosses->sig->time;
vplotwo=crosses->sig->volt;

}

freelist (crosses);

// Finds tlarget
if (flag>=2)
{
crosses WORK=crosses2y
while (x improv<flay)
{
if (crosses (WORK->time<tploone)
{
tphidng=crosses WORK->time;
stored fory future use
vphione=crosses WORK->volt;

tphitwo=crosses WORK->time;
stored foy fufure use
vphitwo=crosses WORK->volt;

floer 2oz .

fprintf (stdout, "Monotony not fulfilled \n");

highrate hi=ninety+0.l*minvolt; // Calculates target
flag=localizador (envc, toutput, highrate hi,

1f (crosses WORK->time>tplotwo && flag improv==0)

tploone=crosses->time; // Temporamy\values are storfed

=
~e

&crosses2,env_length

// Temporary values pre

// Temporary values fare

TSP 7

crosses_WORK=crosses WORK->sig;
X _improv++;
}

freelist (crosses?);

}

else // ...otherwise...

{

fprintf (stdout,"90 %% of Hmax not reached! - Noise Too High?

\n") ;
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highrate mid=(Hmax+minvolt)/2; // Calculates target
flag=localizador (envc, toutput, highrate mid, &crosses3,env_length);
// Finds target
if (flag==2) // ...1f there are two occurrences,
there’s no problem...
{
tpmidone=crosses3->time; // Temporary values are stored
for future use
vpmidone=crosses3->volt;
freelist (crosses3);
}
else // ...otherwise...
fprintf (stdout, "Noise Too High \n");

tl=tplotwo-tphione; // Definitive values apesc¢altulated
and ptored for display
t5=tplotwo-tpmidone;
t6=tphitwo-tplotwo;
a=minvolt;

t6end=tphitwo; // Other important values for the coming
funcfions

tlstart=tphione;
tlstartind=vphione;
t5startind=vpmidone;
tlendind=vplotwo;
téendind=vphitwo;

creaketime (timeres,0,0,0,0,0,0,0,tl,tlstartind, tlstart,tlendind,0,0,0,0}0,0,0,0,t
5,t5ptartind, t6,t6end, t6endind, a, tpledne) ;
}

break;

}
}
break;
case 'B':
{

B low=b+0.%X\(Hmax-b) ; // Calculates target

flag=logallizador (envc, toutput,B low, &crosses,env_length) ; //| Finds

targpt
if (Flag>=2)
{
crosses WORK=crosses;
tploone=crosses WORK->time; // Temporary values are stored
for [fufure use

ka1 1
W Ay HHPE

AY
7

1o
E==as

tplotwo=crosses WORK->time; // Temporary values are stored
for future use
vplotwo=crosses WORK->volt;
crosses_WORK=crosses WORK->sig;
X_improv++;
}
freelist (crosses);
}
else
{
fprintf (stdout, "Monotony not fulfilled\n");
}
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B _hi=Hmax-0.1* (Hmax-b) ;
target

if

{

(flag>=2)

X _improv=0;
flag improv=0;
crosses WORK=crosses2;

// Calculates target
flag=localizador (envc, toutput,B hi, &crosses2,env_length);

// Finds

while (x improv<flag)
{
if (crosses WORK->time<tploone)
{
tphione=crosses WORK->time; // Temporary values arefNstpored
for futurdg use
vphione=crosses WORK->volt;
}
if (crosses WORK->time>tplotwo && flag improv==0)
{
tphitwo=crosses WORK->time; // Temporaty values are stpred
for futurqg use
vphitwo=crosses WORK->volt;
flag improv=1l;
}
crosses WORK=crosses WORK->sig;
X _improv++;
}
freelist (crosses2);
}
gdlse
{
fprintf (stdout, "Monotony \hot fulfilled\n");
}
Hf=tploone-tphione; // Definitive values are calculated and stojred
for displdy
Hr=tphitwo-tplotwoy;
ffstartind=tphione; // Other important values for the coming
functions
Hfendind=teloone;
Hrstartind=tplotwo;
Hrendihd=tphitwo;
createtimemeres—tr—+tfbtrstartind—+trendind+tfstartind—+tfendind 0000, 0,
0,0,0,0,0,0,0,0,0,0,0,0);

}

break;

}

// Checks monotony on the falling edge

void monocheck (double *env, double *toutput,
rate, char type)

{

double Hmax, TIMES *timesp, int

double tinit=0.0;
double tend=0.0;
double compare=0.0;
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double timer0=0.0;
double timerl=0.0;
double volt0=0.0;
double voltl=0.0;
int counter=0;

int flag mono=0;

switch (type)
{
case 'A':
{

switch (rate)

{
case 106:
{
while (env[counter]==0)
counter++;

tinit=timesp->tlstart;
tend=timesp->t2start;

while (toutput[counter]<tinit)
counter++; //find first value

while (toutput[counter]<tend)
{
compare=env [counter];
if (compare<env|[counter+l])
{
timerO=toutput [counter];
voltO=env[counte¥] ;

{
countersi+;
voltO=env[counter];

}
iffi (timerl-timer0>5e-6)

¥

else
counter++;
!
}

break;

case 212:
case—4-24-;

while (voltO<enwv[counter+l]) // growing values...

timefl=toutput[counter]; // ...max.value -> time

fprintf (stdout, "Monotony not fulfilled \n");

case 848:
{
while (env[counter]==0)
counter++;

tinit=timesp->tlstart;

tend=timesp->tlendind;

while (toutput[counter]<tinit)
counter++; //find first value

while (env[counter]>tend)

{

compare=env|[counter];
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if (compare<env[counter+l])
{
voltO=env[counter];
voltl=voltO;

while (voltO<env[counter+1l]) // growing values...

{

counter++;
voltO=env[counter];

}
if (voltl-volt0>0.09* (Hmax-voltO0))

fprintf (stdout, "Monotony not fulfilled \n");

}

brea

casqg

ct

s

=

L.

brea

}

// Functid
void overd
rate, chan

else
counter++;

break;
k;
IBI:
hile (env[counter]==0)
counter++;
init=timesp->tfstartind;

end=timesp->tfendind;
hile (toutput[counter]<tinit)
counter++; //find first value

hile (toutput[counter]<tend)
compare=env|[counter];
if (compare<env[countert+])

flag mono=1;

f (flag mono==1)

fprintf (stdout, * "Monotony not fulfilled \n");

k;

n thath~ealculates the overshoot times
hooft (TIMES *timesp, double Hmax, double *env2,
type, int samples, SHOOTREADER *shootreader)

{

double *toutput, int

double
double
double
double
double
double
double

shootind=0.0;
shootind b=0.
hr reader=
hf reader=
above=0.0;
above b=10.0;
start=0.0;

0.0;
0.0;

int index samples=0;

switch

{

case

{

70
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switch (rate)
{
case (1006):
{
start=timesp->t3end;
while (toutput[index samples]<=start)
index samples++;

while (index samples<=samples)

{

if (env2[index samples]>above)

{

above=env2[index samples];
shootind=toutput [index samples];
}
index samples++;
}
}

break;
case (212):
case (424):
case (848):
{
start=timesp->to6end;
while (toutput[index samples]<=start)
index samples++;

while (index samples<=samples)
{ if (env2[index sample&g]>above)
{ above=env2[index samples];
shootind=toutput [index samples];
index_samples++;

}

if (abovegsHmax) // In very strange cases i1f there’s|no
overghoot, the highest point
abQve=Hmax; // in the curve can be cutted off by|envfilt,

prodpicing a negative hr

}
kreak;
}
}
break;

= T .
(== =

{

start=timesp->trendind;
while (toutput[index samples]<start) // Starts at the rising
edge
index samples++;

while (index samples<=samples)
{
if (env2[index samples]>above)
{
above=env2[index samples];
shootind=toutput [index samples];
hr reader=(above-Hmax)/ (Hmax-timesp->b) ;
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if (hr_ reader<O0)

overshoot, the highest point

hr reader=0;

producing a negative hr

}

shootrdg
shootrdg
shootrs
shootrs

}

index samples++;

}

index samples=0;

start=timesp->tfendind;

// In very strange cases if there’s no

// in the curve can be cutted off by envfilt,

while (toutput[index samples]==0)

index samples++;

index samples++;

)

{

}

index samples++;

bredk;

shootrdader->above=above;

shootrdg

}

// Calcula

{

double [m=0;
switch |(type)

{

}

casq 'A':

{

}

while (toutput[index samples]<start)

hile (toutput[index samples]<(timesp->trstartind))
if (env2[index samples]<above b && env2[index samples}!=0)
above b=env2[index samples];

shootind b=toutput[index samples];
hf reader=(timesp->b-above b)/ (Hmax-timesp-3k)4

ader->shootind=shootind;
ader->shootind b=shootind b;
ader->hr reader=hr reader;
ader->hf reader=hf reader;

ader->above b=above b;

tes the modulation(index "m"
double modulation (char type;,double Hmax, double b)

/ m(is not defined for Type A

bredis
case 'B':

{

m=100* (Hmax-b) / (Hmax+b); // In %

}

break;

return (m);

}

// Displays on screen the results of the calculations

void display(char type,

double Hmax, double m)

{
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int rate, SHOOTREADER *shootreader2, TIMES *timesp,
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fprintf (stdout,"\n"); // 2nd set of functions, on debug purposes
switch (type)
{
case 'A':
{
fprintf (stdout, "---RESULTS--———==—=——-— \n") ;
fprintf (stdout, "Type A - Bitrate %d\n", rate);
fprintf (stdout, "---Overshoot————-—-———-- \n") ;
ovs=( ((shootreader2->above) -Hmax) / (Hmax-timesp->a)) *100;
if (ovs>0)
fprintf (stdout, "Overshoot = %$f %% \n", ovs);
else
fprintf (stdout, "Overshoot = 0 %% \n")
switch (rate)
{
case (106):
{
fprintf (stdout,"---timings-—-———--—-———-- \n ')
fprintf (stdout,"tl = %f microsec. \n", \Wimesp->tl)*1e6)
fprintf (stdout,"tl = %f/fc \n", (tifnesp->tl)*13.56e6);
fprintf (stdout,"t2 = %f microsec. \1i, (timesp->t2)*1e6)
fprintf (stdout,"t2 = %$f/fc \n", Xtimesp->t2)*13.56e6) ;
fprintf (stdout,"t3 = %f microsec™ \n", (timesp->t3)*1e6)
fprintf (stdout,"t3 = %f/fc X0, (timesp->t3)*13.56e6);
fprintf (stdout,"t4d = %f midrosec. \n", (timesp->t4)*1e6)
fprintf (stdout,"td = $f/feN \n", (timesp->t4)*13.56e6);
fprintf (stdout, "--—amplitudes——--—-———-- \n") ;
fprintf (stdout, "Hmax. =<%f volts \n", Hmax);
fprintf (stdout, "Max. Mmplitude = $f volts \n", (shootreafler2-
>aboye) ) ;
}
break;
case (212):
case (424):
case (848):
{
fprintf (stdout, "hovs = $f \n", (((shootreader2->above-
Hmax) /Hmax) ) ) ;
fprintf (stdout,"---timings--—-—---———--— \n") ;
fprintf (stdout,"tl = %f microsec. \n", (timesp->tl)*1e6)
fprintf (stdout,"tl = %$f/fc \n", (timesp->tl)*13.56¢€6);
fprintf (stdout,"t5 = %f microsec. \n", (timesp->t5)*1e6)
fprintf (stdout,"t5 = $f/fc \n", (timesp->t5)*13.56¢€6);
fprintf (stdout,"t6 = %f microsec. \n", (timesp->t6)*1e6)
fprintf(otdout Nee = OF/fa \pN (i imece SOy %13 Coech s
fprintf (stdout, "--—amplitudes——---—-—-—-- \n") ;
fprintf (stdout, "Hmax = %f volts \n", Hmax);
fprintf (stdout,"a = %f %% of Hinitial \n", ((timesp->a)/Hmax));
}
break;
}
}
break;
case 'B':
{
fprintf (stdout, "---RESULTS-—-—————————— \n") ;
fprintf (stdout, "Type B - Bitrate %d\n", rate);
fprintf (stdout, "---timings--—-—=---———-- \n") ;
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fprintf (stdout,"tf = %f microsec. \n", (timesp->tf)*1e6);
fprintf (stdout,"tf = %f/fc \n", (timesp->tf)*13.56e6);

fprintf (stdout,"tr = %f microsec. \n", (timesp->tr)*1e6);
fprintf (stdout,"tr = $f/fc \n", (timesp->tr)*13.56e6);
fprintf (stdout, "---modulation---—-———--- \n") ;

fprintf (stdout, "--—amplitudes—----———-- \n") ;

fprintf (stdout,"a $f volts \n", Hmax);
fprintf (stdout,"b = %f volts \n", timesp->Db);
fprintf (stdout, "---Overshoots-—-—-———---- \n") ;
fprintf (stdout,"hf = %f %% of Hinitial-b\n", (shootreader2-
>hf reader) *100);
florintf (stdout, "hr =
>hr reader]) *100) ;
ovsb]l=(timesp->b- (shootreader2->above b)) *1000;
ovsb?=((shootreader2->above) -Hmax) *1000;
if (¢vsbl>0)
fprintf (stdout,"hf = %f milivolts \n", ovsbl);
else
fprintf (stdout, "hf
if (¢pvsb2>0)
fprintf (stdout,"hr = %f milivolts \n", ovsb2);
else
fprintf (stdout, "hr

(
(
(
(
(
fprintf (stdout,"m = %f %% \n", m);
(
(
(
(
(

o

f

o\°

% of Hinitial-b\n", (shootreader2-

0 milivolts \n");

0 milivolts \n");

}

bredk;

}

// Main Fynction
int main (int argc, char *argvl[])
{
char type;
int rafe;
char vdltstr[25]; // imtermediate char array to modify the voltage
values
char timestr[25]; /¢ yintermediate char array to modify the time
values
double |snum=0;
double |[tnum=0;
double [t=0;
int fillterlength=0;
double |[Hmax=0;
double |[Hmin=0;
double [Hmax2=0+
double [Hmifi2=0;
FILE *goirtfile=NULL;
FILE *imput—u2=Ngii-
FILE *poutput=NULL;
double m=0.0;
int length=0;
double val=0;
int posval=0;
int negval=0;
double tini=0;
double tfin=0;
int samples=0;
int out i=0;
int length total=0;
int sample ini=0;
int sample end=0;
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int flag cut=0;

int samplesp=0;

int £i=0; // Filter generic index
double bl=0; // Filter parameters
double b2=0;

double b3=0;

double b4=0;

double b5=0;

double al=0;

double a2=0;

double a3=0;

double a4=0;

buble a5=0;

buble fregl=0;

buble freqg2=0;

buble as[5]={0};

buble bs[5]={0};

buble t0=0;

buble tlast=0;

Nt lineskip=0;

Q000 0 0 0

buble *voutput=malloc (sizeof (double)*MAX SAMPLESHN;

buble *toutput=malloc (sizeof (double)*MAX SAMPLES);

puble *envelope=malloc (sizeof (double)*MAX SAMPLES) ;

buble *vfilter=malloc (sizeof (double)*MAX SAMPLES) ;

buble *tfilter=malloc (sizeof (double)*MAX/ SAMPLES) ;

[MES *timesp=(TIMES *)malloc (sizeof (TIMES)) ;

[MES *timesp2=(TIMES *)malloc(sizeof (TWMES)) ;

HOOTREADER *shootreader2= (SHOOTREADERN*)malloc (sizeof (SHOOTREADER) )

0 HHQo o Qo 0 0

-

f (voutput!=NULL && toutput!=NULLY&& envelope !=NULL && vfilter!=NULL &&
tfilker!=NULL && timesp!=NULL && timesp2!=NULL && shootreader2!=NULL)

memset (voutput, 0, MAX SAMPLES) ;
memset (toutput, 0, MAX (SAMPLES) ;
memset (envelope, 0, MAX SAMPLES) ;
memset (vfilter, 0, MAX SAMPLES) ;
memset (tfilter, (@, yMAX SAMPLES) ;

type=*argv|[1l]s
rate=atoi (argv([2]);
if ((type!=YA' && type!='B') || (rate!=106 && rate!=212 && rate!=§24 &s&
ratel| =848))
{
fprintf (stdout, "Wrong Type (A or B) or Bitrate (106, 212, 424} 848)");
}

else

i
t

pointfile=fopen (argv[3],"x");
input u2=fopen ("intermediate.txt","w"); // modified-
intermediate amplitude vector

if (pointfile!=NULL && input u2!=NULL)
{
//1. LOAD DATA + CHECKING DATA (WITHOUT FILTER)
for (lineskip=0; lineskip<10; lineskip++) // Skips the first 10
lines which are the header of csv files
{
skip line (pointfile);
}

read line (pointfile,voltstr, timestr);
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tO=atof (timestr) ;

while (!feof (pointfile)) // We are reading the lines
of the voltage input file

{
if (voltstr[0]!='\0")
{
snum=atof (voltstr);
tnum=atof (timestr) ;
if (snum<0)

negval++;
else
posval++;
viilter[samplesp]=snum;
tfilter[samplesp]=tnum;
samplesp++;
read line (pointfile,voltstr, timestr);
}
tlast=tfilter[samplesp-11];

}

samplesp=samplesp+3;

samplesp=datacheck (posval, negval, samplesp, tlast, pointfile);

tlast=tfilter[samplesp];

//2. DATA FILTER 10 MHz BANDPASS
freql=8.56e6/(1/ (2* ((tlast-t0)/ (samplesp<INY)) ;
freq2=18.56e6/ (1/ (2* ((tlast-t0)/ (samplesp~1))));
butterworth coeffs(freql, freq2, as, De);
bl=bs[0];
b2=bs[1];
b3=bs[2];

bd=bs[3];
bd=bs[4];

al=as|[0];
aX=as[1l];
al=as[2];
a4=as[3];
a%=as[4];

for (£i=0; fi<samplesp; fi++)

{

PES(£1<T7 | f1>samplesp 7)
voutput [fi]=
else
Iz ot [ 21— (1 ks 7+ el Ffa 1 12Kk £ 7 4+ [ £ ‘I'IJ.%’.)*Y £ 1+ [ £
A A B | A~ Bl el NE i B e e R B
2]4+b4d*vfilter[fi-3]+b5*vfilter[fi-4]-a2* voutput[fi—l]—a3*voutput[ i-21-
ad*voutput [fi-3]-a5*voutput[fi-4]) /al;

}

rewind (pointfile);

lineskip=0;

for (lineskip=0; lineskip<10; lineskip++) // Skips the first 10

lines which are the header of csv files

{

skip line (pointfile);
}
for (f£fi=0; fi<(samplesp-7); fi++) /* We are reading the lines

of the voltage input file */

76
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val=voutput [fi];
read line (pointfile,voltstr,timestr);
fprintf (input u2,"%s,%$f\n", timestr,val);
length++;

}

//3. HILBERT TRANSFORM AND THE COMPLEX ENVELOPE
rewind (input u2);

hilbert ("intermediate.txt"); // performs Hilbert transform

poutput=fopen ("output.txt","r"); // Hilbert transform output

vectpr

volthge input file */

samp

les,

envelopey;

read line (poutput,voltstr,timestr);
tini=atof (timestr) ;
rewind (poutput);

if (poutput!=NULL)

{
while (!feof (poutput)) // We are reading the lines of|the

{
read line (poutput,voltstr,timestr);
if (timestr[0]!='\0")
{
snum=atof (voltstr);
voutput [samples]=snumy
t=atof (timestr);
toutput [samples] =ty
samples++; //==>U8) // Same variable as the one in Hmaxfinder
tfin=t;

}
}

else
fprintf (stdout, "Error in Hilbert transform\n");

//4. USING,A SMOOTHING FILTER (MOV. AVG) TO REDUCE THE NOISE

filterlength=1;
length_total=envfilt (voutput, toutput, filterlength, tini, {fin,

A/5. 100% OF H INITIAL
Hmaxfinder (envelope, &Hmax, &Hmin, length total);

//6. COMPUTING THE ISO BASED TIMES

tfinder (type,envelope, toutput, tini, Hmax, Hmin, rate, length total, timesp);

//7. CHECKING FOR ISO DEFINED MONOTONY
monocheck (envelope, toutput, Hmax, timesp, rate, type);

out i=0;
while (out i<MAX SAMPLES) // Finds how many zeros are at the

beginning of vector envelope

{
if (envelopelout i]==0 && flag cut==0)
{
sample ini=out i;
tini=toutput[sample ini+1];
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}

if (envelope[out i]!=0)
{
flag cut=1;
sample end=out i;
tfin=toutput[sample end];
}
out i++;

}

samples=sample end-sample ini-1; //==>US

for (out i=0; out i<samples; out i++)

{
voutput [out i]=envelope[out i+sample ini+l];
toutput[out il=toutput[out i+sample ini+l];

for (out_ i=samples+l; out i<MAX SAMPLES; out i++)
voutput [out i]=0.0;
0;

}

tini=toutput[0];
tfin=toutput[samples];

//8. OVERSHOOT OF THE READER

for debug |purposes

samples,

timesp?2) ;

filterlength=3;

gnvelope) ; // 2nd Filtering to find the alternate envelope
Hmaxfinder (envelope, &Hmax2, &Hmin2, length total);

monocheck (envelope, (foutput, Hmax2, timesp2, rate, type);

// The payameters of the altérnate envelope are calculated

overshoot (timesp2, Hmax2, envelope, toutput, rate, type, samples,

shootreaddqr?) ; // This «time the over- and undershoots are found

78

}

else

//9. MODULATION
m=modulation (type, Hmax, timesp->b);

//105~/DISPLAY
display (type, rate, shootreader2, timesp, Hmax, m);

1 i = (oot £ 1 —=—NTTIT T [ Y £ 222 | NTIT T\
O ooy

fprintf (stdout,"\n"); // 2nd set of functions, "New Line" pri

length total=envfilt (voutput,“toutput, filterlength, tini, tfin,

tfinder (type, envelope, tQutput, tini, Hmax2, Hmin2, rate, length total,

nted

B33
> T TPoThTr==— TPt

fprintf (stdout,"file(s) could not be opened \n");

fclose (pointfile);
fclose (input u2);

fprintf (stdout, "Memory could not be allocated");

free
free
free

(voutput) ;
(toutput)
(envelope

) ;

© ISO/IEC 2011 — All rights reserved


https://iecnorm.com/api/?name=e3ceafbae4c0d2f65a15fa2f43964196

ISO/IEC 10373-6:2011(E)

free (vfilter);
free (tfilter);
free (timesp);
free (timesp2);
free (shootreader2);

return 0;
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The following program written in C language gives an example for the calculation of the magnitude of the

Annex F
(informative)

Program for the evaluation of the spectrum

spectrum from the PICC.

/*********

******************************************************/

/*** This program calculates the Fourier coefficients *xk [
/*** of load modulated voltage of a PICC according **x [
/*** the |ISO/IEC 10373-6 Test methods xA K/
/*** The |coefficients are calculated at the frequencies: *x Kk /
Vi Cgrrier: fc (=13.5600 for 13.56 MHz) * kK /
Yk Udper sideband: 14.4075 MHz *xk [
Vi Lgwer sideband: 12.7125 MHz *Kkk [
/***************************************************************/
/*** Inpuy: *x (]
/*** Filg in CSV Format containing a table of two * kY
g
/*** colymns (time and test PCD output voltage vd, clause 7)%***/
P g
/*** ***/
/*** datgd format of input-file: *xx/
/*** —_——— ***/
/*** - orfe data-point per line: *xx/
Vs (gime[seconds], sense-coil-voltage[volts]) *x Ak /
/*** - cdntents in ASCII, no headers *rx/
/*** - dgta-points shall be equidistant time *xx/
/*** - milnimum sampling rate: 100 MSamples/segond *xx/
/*** - mgdulation waveform centered *xx/
Vs (mMax. tolerance: half of subcarriexcycle) *xx/
/*** ***/
/*** ***/
/*** example for spreadsheet file (start in next line): *xx/
VA (tijme) (voltage) xAx/
/*** 3.00000e-06,1.00 *okk |
/*** 3.00200e-06,1.01 xA K/
/*** P I ***/
/***************************************************************/
/*** RUN: ***/
/***  “exgfilename” [filenamel[.csv] filename[.csv] ] xHxAx/
/***************************************************************/
/*** ISO/IEC 10373=<6DFT CALCULATION xA K/
/*** Program Vergié@n 2.1 Release 2008 *Kkx /)
g

/*********

#include

******************************************************/

stdio.h>

#include
#include <

i, . k)
SCLTITY « 1T

math.h>

#define MAX SAMPLES 50000
#define MAX_POINTS 500
#define MAX MOYENNE 200

double pi

/* pi=3.14.... */

Iz

/* Array for time and sense coil voltage vd */

double vti
double vd][

80

me [MAX SAMPLES];
MAX SAMPLES];

/* time array */
/* Array for different coil voltage */
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/***************************************************************/

Vel Read CSV File Function *Kxx/
/*** ***/
Vel Description: Vs
Yk This function reads the table of time and sense coil ***/
Yk voltage from a File in CSV Format RV
/*** ***/
Vaadd Input: filename xA K/
/*** ***/
Yk Return: Number of samples (sample Count) xKxx/
Vel 0 if an error occurred *Kkx )
/*** ***/
VA Displays Statistics: xAx/
/*** ***/
Yk Filename, SampleCount, Sample rate, Max/Min Voltage ***¢

/***k***********************************************************/

int feadcsv (char* fname)

{

dpuble a,b;

dpuble max vd,min_vd;
iht i;

FLLE *sample file;

/k*********** Open Flle ***********************************/

-

f (!strchr (fname, '.'")) strcat (fname, ™ csv") ;

iff ((sample file = fopen(fname, "r"))ss NULL)

{
printf ("Cannot open input’ file %s.\n", fname) ;
return 0;

}

**********************************************************/

v Read CSV File */

/k*********************************************************/
mpx vd=-le-9F;

min vd=-max vd;

iF0;

while (!feof (sample file))
{
if (i>=MAX_SAMPLES )

{

priwtf ("Warning: File truncated !!!\n");
printf ("To much samples in file %$s\b\n", fname) ;
break;

1
J

fscanf (sample file, "$Lf,%Lf\n", &a, &b);

vtime[i] = a;

vd[i] = b;

if (vd[i]>max vd) max vd=vd[i];
if (vd[i]l<min vd) min vd=vd[i];
i++; B B

}

fclose (sample file);

/************ Displays Statistics ************************/
printf ("\n***********************************************\n") ;

printf ("\nStatistics: \n");
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return

Filename
Sample count:
Sample rate

" Max (vd)

" Min (vd)

i;

$s\n", fname) ;
%d\n", 1) ;
%1.0f MHz\n",le-6/(vtime[l]-vtime[0]));
$4.0f mV\n",max_vd*lOOO);
%4.0f mv\n",min vd*1000);

}/**************** End Readcsv ***************/

/***************************************************************/

/***

DEFT

Discrete Fourier Transformation *xx [
/***************************************************************/
dscription:
/*** D 'pt' ***/
Vel This function calculate the Fourier coefficient xHxAx/
/*** ***/
[/ xH* Input: Number of samples *xx/
oba ariables:
VAR Gllobal Variabl *xkx [
/*** ***/
Vaadd Dilsplays Results: 4
/*** ***/
VAR darrier coefficient RHA* /
Vel Upper sideband coefficient * K * [
VAR Ijower sideband coefficient *xkx [
/*** ***/

/*********

void dft (i

{
double
double
double
int N_
double
double

int i,

double

fc=13.

w0=(do

nt count)
ata,center,start
w0, wu,wl;

Wb;

fc;

6e6;

ble) (fc*2.0 ) p1i;

’

/*

c0 real,cO0 imag,cO0_abs,cO phase;
cl real,cl imag,cl abs,cl phase;
c2 real,c2 imag,c2 abs,c2 phase;

******************************************************/

Bartlett, window coefficient */

/* add* variable for carrier frequency */

/* carrier 13.56 MHz */

wu= (doyble) (1.04£+30/16.0) *w0; /* upper sideband 14.41 MHz */
wl=(doyble) (L0c1.0/16.0)*w0; /* lower sideband 12.71 MHz */
c0 _real=0; /*-feal part of the carrier Fourier coefficient */
c0 _ima¢g=0;"/* imag part of the carrier Fourier coefficient */
cl reals0Q;,/* real part of the up. sideband Fourier coefficient */
cl imadg=b+—F—imag—part—of—the—up——sidebandFourier—ecoefficient—=
c2 real=0; /* real part of the lo. sideband Fourier coefficient */
c2 imag=0; /* imag part of the lo. sideband Fourier coefficient */

center=

(count+1)/2;

/* center address */

/********** Signal Selection ******************************/

/* Number of samples for six subcarrier periods */

N data=(int) (0.5+6*16.0F/ (vtime[2]-vtime[1l]) /fc);

/* Note:

82

(vtime[2]-vtime[1l])

is the scope sample rate */

© ISO/IEC 2011 — All rights reserved



https://iecnorm.com/api/?name=e3ceafbae4c0d2f65a15fa2f43964196

start=center -

(int) N _data / 2;
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/******************* DFT ********************************/

for( 1=0;1<=N data-1;i++)

{

/* Bartlett window */

if ((N data & 1) == 0)

{
/* N _data 1is even */
if (i < (int) N data /2)
{

}

else

{

}

qdlse

/*N_data is odd */

if (i < (int) N _data /2)
{

}
else

{
}

KH=i+start;

d0 _real=cO0 real+vd[k]* (double
d0 imag=cO_ imag+vd[k]*{(double
dl real=cl real+vd[k]*(double
dl imag=cl imag+vd{k]* (double
d2 real=c2 real+fwd[k]* (double
d2 imag=c2 imagtvd[k]* (double
1

Wb=2.0F*i/ (double) (N _data - 1);

Wb=2.0F* (N _data-i-1)/ (double) (N _data - 1);

Wb=2.0F*i/ (double) (N _data - 1);

Wb=2.0F-2.0F*1i/ (double) (N dataXs 1);

cos
sin
cos
sin
cos
sin

vvvvvv
~ o~ o~~~ —

KA KA AR ARKE T A A Ak kkxx DEFT Scale ***************************/

wO*vtime
wO*vtime
wu*vtime
wu*vtime
wl*vtime
wl*vtime

*Wh;
*Wb;
*Wh;
*Wh;
*Wb;

)
)
)
)
)
) *Wb;

[k]
[k]
[k]
[k]
(k]
[k]

d0 réal=4.0F*cO0_real/(double) N data;
d0Sdmag=4.0F*c0_imag/ (double) N data;
A—real=40F kel xeall{doubler—N—-datas
cl_imag=4.0F*cl_imag/ (double) N data;
c2 real=4.0F*c2 real/(double) N data;
c2 imag=4.0F*c2 imag/ (double) N data;

/* Note:

4.0F includes the correction

coef.

of the Bartlett window */

[FRAIFFAA I KA AKX K AKX gbsolute Fourier coefficient *xxkxxsddxrx/
cO0 _abs=(double) sqrt (c0 real*cO real + c0 imag*cO0 imag);

cl abs=(double)sqgrt(cl real*cl real + cl imag*cl imag);

c2 abs=(double)sqrt (c2 real*c2 real+c2 imag*c2 imag);
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[ FRAFxFAFx KA Fxxk Phase of Fourier coefficient ***xxkkxxs/
c0_phase=(double)atan2 (c0_imag,c0 real);
cl phase=(double)atan2(cl_imag,cl real);
c2 phase=(double)atan2(c2 imag,c2 real);

/************** Result Dlsplay **************************/

printf ("\n\nResults: \n");

printf ("Carrier ");

printf ("Abs: %7.3fmv ",1000*c0_abs);

printf ("Phase: %3.0fdeg\n",c0 phase/pi*180);
printf ("Upper sideband ");

printf["Abs: %7.3fmv ",1000*cl abs);
printf["Phase: %3.0fdeg\n",cl phase/pi*180);
printf["Lower sideband ");

printf["Abs: %7.3fmv ",1000*c2 abs);
printf["Phase: %3.0fdeg\n\n",c2 phase/pi*180);

printf "\n***********************************************\n") ;

return
}/****7 *khkk kA kK k kKK End DFT ***************/

/***************************************************************/

Vil MAIN Program xHxAx/
/******************************‘k***‘k‘k***************************/

int main (yYnsigned short paramCount,char *paramList}])

{
char frlame[256];
unsigngd int 1i,sample count;

pi = (double)atan(1.0)*4; /* calculatepd */

printf "\n***********************************************\n"),-
printf ("\n**** ISO/IEC 10373-6 _PICC Test-Program *xAF\n") ;
printf ("\n**** Version: 2.1 NOVEMBER 2008 *xxx\n") ;
printf "\n**** ****\n");
printf "\n***********************************************\n");
/************* No Input Parameter *****************/

if (pagamCount==1)

{

priftf ("\nCSV File name :");

scanf ("%$s", fname) ;

if (!strche{fname, '.')) strcat (fname, ".csv");
if (! (sample count=readcsv(fname))) return 0;

dft (sample count);
}

else

{

/************* Input Parameter Loop *****************/
for (i=1;i<paramCount;i++)
{

strcpy (fname, paramList([i]) ;

if (!strchr (fname, '.')) strcat (fname, ".csv");
if (! (sample count=readcsv(fname))) break;
dft (sample count);
}
}

return 0;
}/*********************** End Main ***************************/
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Annex G
(normative)

Additional PICC test methods

PICC-test-apparatus and accessories

This
ISO/I

—
— T
— O
Care
G.1.1

The H
a PIC

G.1.2

The R

Clause defines the test apparatus and test circuits for verifying the operation of a PICC
FC 14443-3:—. The test apparatus includes:

alibration coil (see 5.2);
est PCD assembly (see 5.3);
igital sampling oscilloscope (see 5.1.1).

shall be taken to ensure that the results are not affected by the RF performance of the test

Emulating the 1/0 protocol

ICC-test-apparatus shall be able to emulate the Type A'and Type B protocols, which are rg
C.

Generating the I/O character timing in reception mode

ICC-test-apparatus shall be able to generate the 1/O bit stream according to ISO/IEC 14443

parameters: start bit length, guard time, bit'width, request guard time, start of frame width, end ¢

shall

G.1.3
The R

the R
PICC

G.1.4

The H
Type

be configurable.

Measuring and monitoring the RF 1/O protocol
ICC-test-apparatus shall be able to measure and monitor the timing of the logical low and

- Input/Receive linelrelative to the clock frequency. The PICC-test-apparatus shall be able
subcarrier.

Protocol’Analysis

ICC-test-apparatus shall be able to analyze the 1/O-bit stream in accordance with protocqd
B as-specified in ISO/IEC 14443-3.— and ISO/IEC 14443-4:2008 and extract the logical

according to

Circuits.

quired to test

-3:—. Timing
f frame width

high states of
0 monitor the

| Type A and
data flow for

furth

r prétocol analysis

G.1.5 RFU fields

RFU fields should be constantly monitored during the testing and shall always be verified to contain the
assigned default value. A test shall fail and the tested PICC shall be declared non-compliant in case an RFU
field is not set to its default value at any time.

G.1.5

.1 RFU values

Functional fields should be constantly monitored during the testing and shall always be verified to contain only
functional values documented in the standard or proprietary values documented in the standard. A test shall
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fail and the tested PICC shall be declared non-compliant in case a functional field is not set to said values

(and thus is s

et to an RFU or restricted value) at any time.

G.1.5.2 Timing measurements

The PICC-test-apparatus shall continuously monitor the following frame format and timing values:

For PICC Type A:

Frame delay time PCD to PICC (see ISO/IEC 14443-3:—, 6.2.1.1);

— Frame fdrmats (see ISO/TET 14443-3—, 6.2.3);
— Frame wpiting time (see ISO/IEC 14443-4:2008, 7.2).
For PICC Type B:
— Charactgr, frame format and timing (see ISO/IEC 14443-3:—, 7.1);
— Frame whpiting time (see ISO/IEC 14443-4:2008, 7.2).
A test shall fail and the tested PICC be declared non-compliant in case one'of the listed timing constrajnts is
violated.
G.1.5.3 Timing measurement report
Fill out Table|G.59 for PICC Type A and/or Table G.60 for PICC.Type B with the measured timing values|
G.2 Relatipnship of test methods versus base standard requirement
Table G.1 lists the applicable tests for Type A PICCs.
Table G.2 lists the applicable tests for Type.B PICCs.
Table G.3 lists the applicable tests for Type A and Type B PICCs.
The ISO/IEC|14443-4:2008 PICE should also comply with ISO/IEC 14443-3:— and should be subjecied to
both the part 3 and part 4 tests for the applicable Type.
A PICC compliant with dSO/IEC 14443-3:— but not with ISO/IEC 14443-4:2008 and in ACTIVE or ACJTIVE*
state (see G.p.3.7, G3.8:12 and G.4.4.6) may respond with any frame (including Mute) to frames not related
to ISO/IEC 14443-3:=.
Table-G-4— Testmethodsfortoaical G £ the-PICC-T a tocol
Test method from ISO/IEC 10373-6 Corresponding requirement
Clause Name Base standard Clause(s)
G.3.2 Polling ISO/IEC 14443-3:— 5
G.3.3 Testing of the PICC Type A state transitions ISO/IEC 14443-3:— 6.3,6.4,6.5
G.34 Handling of Type A anticollision ISO/IEC 14443-3:— 6.4.2
G.3.5 Handling of RATS ISO/IEC 14443-4:2008 5.6.1.2
G.3.6 Handling of PPS request ISO/IEC 14443-4:2008 5.6.2.2
G.3.7 Handling of FSD ISO/IEC 14443-4:2008 5.1
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Table G.2 — Test methods for logical operation of the PICC Type B protocol

3-6:2011(E)

Test method from ISO/IEC 10373-6 Corresponding requirement
Clause Name Base standard Clause(s)
G4.2 Polling ISO/IEC 14443-3:— 5
G4.3 PICC Reception ISO/IEC 14443-3.— 71
G444 Testing of the PICC Type B state transitions ISO/IEC 14443-3:— 7.4-7.12
G.4.5 Handling of Type B anticollision ISO/IEC 14443-3:— 74-712
4.6 Handling of ATTRIB ISO/IEC 14443-3.— 7.10
G.4.7 Handling of Maximum Frame Size ISO/IEC 14443-3:— 7.10.4
Table G.3 — Test methods for logical operation of PICC Type A'or B
Test method from ISO/IEC 10373-6 Corresponding requirgment
Clause Name Base-standard Clause(s)
G.5.2 PICC reaction to ISO/IEC 14443-4 Scenarios ISO/IEC 14443-4:2008 7
G.5.3 Handling of PICC error detection ISO/IEC 14443-4:2008 7.5.6
G.54 PICC reaction on CID ISO/IEC 14443-4:2008 7.1.1.2
G.55 PICC reaction on NAD ISO/IEC 14443-4:2008 7.1.1.3
G.3 [Test method for initialization of the PICC Type A

G.3.1 Introduction

The

the agtivation sequence of ISO/IEC 14443-4:2008, Clause 5. If compliance with ISO/IEC 14443;
required, all tests containing ISO/IE€-14443-4 commands need not be applied.

G.3.2 Scenario G.1: Polling
G.3.2|11 Scope
This [est is to determine the behavior of the PICC Type A on receiving REQA commands

ISO/IEC 14443-3:—, Clause 5.

G.3.

tests in this chapter determine whether a PICC Type A conforms to the ISO/IEC 14443-3.—

2|2¢ ,Procedure

standard and
4:2008 is not

according to

Perform the following steps for 3 different operating fields of 1,5, 4,5 and 7,5 A/m (rms):

a)
b)

c)

f)

Place the PICC into the field and adjust it.

Switch the RF operating field off for a minimum time for resetting a PICC (see ISO/IEC 14443-3:—, 5.4).

Switch the RF operating field on.
Do delay of 5 ms and send a valid REQA command frame.

Record the presence and the content of the PICC response.

Switch the RF operating field off for a minimum time for resetting a PICC (see ISO/IEC 14443-3:—, 5.4).
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Switch the RF operating field on.
Wait 5 ms and send a valid REQB command frame (using Type B modulation and bit coding).
Wait 5 ms and send a valid REQA command frame.

Record the presence and the content of the PICC response.

G.3.2.3 Test report

Fill the appropriate row in Table G.61 according to Table G.4.

G.3.3 Testi

G.3.31

These tests
ISO/IEC 1444

G.3.3.2 Ge

For an exhau

Table G.4 — Result criteria for Scenario G.1: Polling

Explanation Test result

Only when the PICC’s response is a valid | PASS

ATQA in both steps e) and j)

If the PICC’s response isn’'t a valid ATQA
in any of steps e) orj)

FAIL

hg of the PICC Type A state transitions

Scope

verify the correct implementation of the PICC Type A state diagram as describ
|3-3:—, 6.3.

heral test outline

stive test of the PICC Type A state machine the correctness of every possible state transif

every state shall be verified. Verifying a specific'state using a specific state transition will be done as follg

First, reset th
transitions (T
state transitig
this check, b
problem is to
this purpose
as possible.

G.3.3.21

b PICC and place it in thetest initial state (TIS). This is one of the states from StateSet whe
have to be verified. Then execute a transition (T) from TransitionSet. After execution

n, check if the PICE.is in the expected target state TTS. There is a difficulty in how to pd
bcause it is impossible to directly inspect the state machine of the PICC. The solution f
make some additional state transitions and checking the answer of the PICC. The transitig
pre selectedsin,'such way that the state can be determined from the PICC answers as pre

Hunctions for putting the PICC in the Test Initial State (TIS)

ed in

jon at
WS:

re the
bf the
rform
o this
ns for
cisely

Putting the P

ICC Into the State 1S will be done by a sequence O transition commands speciiied

following table. The general method is as follows:

n the

In order to put the PICC into State TIS, lookup the corresponding state transition sequence in Table G.5. Then
successively apply the state transitions described in the State Transition Sequence column by looking up the
corresponding commands in Table G.6. Always check the content and integrity of the PICC response.
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Table G.5 — State Transition Sequence Table

TIS State Transition Sequence
POWER-OFF -
IDLE POWER-OFF —IDLE
READY(1) POWER-OFF —IDLE — READY(1)
READY(2) POWER-OFF —IDLE —» READY(1) — READY(2)
READY(3) POWER-OFF —IDLE — READY(1) - READY(2) - READY(3)
ACTIVE POWER-OFF —IDLE— READY(1) - ... > READY(CascadelLevels)— ACTIVE
PROTOCOL POWER-OFF —IDLE— READY(1) — ... > READY(CascadelLevels) - ACTIVE —» PRPTOCOL
HALT POWER-OFF —IDLE — READY(1) — ...—» READY(CascadelLevels) - ACTIVE\—> HALT
READY*(1) POWER-OFF —IDLE— READY(1) —» ... —» READY(Cascadelevels) “$)ACTIVE |»> HALT —
READY*(1)
READY*(2) POWER-OFF —IDLE — READY(1) —» ... > READY(Cascadetevels) - ACTIVE [-> HALT —
READY*(1) - READY*(2)
READY*(3) POWER-OFF —IDLE —» READY(1) —» ... > READY(CascadelLevels) — ACTIVE |—> HALT —
READY*(1) - READY*(2) - READY*(3)
ACTIVE* POWER-OFF —IDLE — READY(1) — ...» READY (CascadelLevels)»> ACTIVE — HALT
— READY*(1) - ...—> READY*(Cascadelevels) >"ACTIVE*

Table G.6 — State Transition Table

State — Next State PICC-test-apparatus PIC¢

READY*(1) - READY*(2)

Power On (RF Field on) —
POWER-OFF — IDLE
«— Muts
REQA —
IDLE — READY(1)
— ATQA
SELECT(1)2 —>
READY(1) - READY(2)
“«— SAK (casgade)
SELECT(2)? —>
READY(2) -»(READY(3)
“«— SAK (casgade)
SELECT (CascadeLevels)? —
READY(Casc¢adelLevels) - ACTIVE
«— SAK (complete)
RATS(0,0) —
ACTIVE - PROTOCOL
— ATS
HLTA —>
ACTIVE —» HALT
«— Mute
WUPA —>
HALT — READY*(1)
«— ATQA
SELECT(1) —
-

SAK (cascade)
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State — Next State

PICC-test-apparatus PICC

READY*(2) - READY*(3)

SELECT(2)
SAK(cascade)

READY*(CascadelLevels) >ACTIVE*

SELECT (CascadeLevels)

IR

SAK (complete)

a
uID.

Any SELECT command may be preceded with an anticollision command to retrieve the PICC UID, especially for random

G.3.3.2.2 Flunctions for checking the validity of the test target state TTS

Table G.7 depscribes the state transitions, which are used to check whether the PICC is in the'state §. The
content of th¢ PICC answer (i.e. ATQA, SAK ...) should be thoroughly checked for ISO/IEC 14443-3:+ and
ISO/IEC 14443-4:2008 conformance. Note, that these tests may cause the PICC to change, state.
The READY(]) READY*(l) states and the ACTIVE/ACTIVE* states cannot be distinguished with one test run.
In order to digtinguish the "*"-states from the non-"*"-states perform the following steps:
a) Rerun the test a second time, without checking the TTS.
b) Send RHQA command. The PICC response shall be Mute.
c) Send RHQA command.
d) Ifthe PIQC response is Mute then the PICC state was a "-state.
e) Else the PICC was a non-"*"-state.
The HALT state cannot be distinguished from READY*(l) state and from ACTIVE* state with one test run. In
order to distinguish the HALT state perform the follewing steps:
f)  Rerun the test a second time, without checking the TTS.
g) Send WUWPA command. The PICC response shall be ATQA.
Table G.7 — Checking the TTS
State S PICC-test-apparatus PICC
REQA _
IDLE
- ATQA
| < Cascadelevels - SAK (cascade)
| = Cascadelevels - SAK (complete)
RATS (0,0) N
ACTIVE
- ATS
1(0)o(TEST_COMMAND1(1)) N
PROTOCOL
- I(0)o(TEST_RESPONSE1(1))
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State S PICC-test-apparatus PICC
REQA N
«— Mute
HALT
WUPA BN
- ATQA
READY*(l), SELECT (1) -
| < Cascadelevels SAK (cascade)
SELECT (1)
READY"TI),
| = Cascadelevels SAK (complete)
RATS(0,0) —
ACTIVE*
- ATS

@  Any SELECT command may be preceded with an anticollision command to retrieve the PICC UID, espegially for

random UID.

G.3.3{3 Scenario G.2: Behavior of the PICC Type A in the IDLE state

G.3.3{3.1 Scope

This test is to determine the behavior of the PICC Type Ajin‘the IDLE state according to ISO/IEC 14443-3.—,
6.3.2.

G.3.3{3.2 Procedure

Perfofm the following steps for every row of Fable G.8:
a) Hut the PICC into IDLE state.

b) Herform the state transition by.sending the command as indicated in the PICC-test-apparatug column.
c¢) (heck if the PICC response is as indicated in the PICC column.

d) I the PICC response’is not Mute, check that the Frame Delay Time of the PICC conforms With the value
mdicated in thetEDT column.

e) (heck if theyPICC is in the state TTS.

Table G.8 — Transitions from IDLE state

Transition PICC-test-apparatus PICC FDT TTS
REQA N
REQA READY(1)
«— ATQA 1172/fc
WUPA _
WUPA READY(1)
«— ATQA 1236/fc
HLTA _
HLTA IDLE
- Mute
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Transition PICC-test-apparatus PICC FDT TTS
('93' NVB UIDTX4[[1..n4]] ) @ —_—
AC°© IDLE
«— Mute
('93' NVB ~UIDTX;[[1.. n4]] ) @ —_—
nAC d IDLE
«— Mute
SELECT(1) N
SELECT ¢ IDLE
«— Mute
('93 70' ~UIDTX,[[1..32]1 BCC CRC A)
nSELEQT 9 DLE
«— Mute
RATS(0,0) N
RATH IDLE
«— Mute
PPS(0,0,0) N
PPS IDLE
- Mute
ISO/IEC 1h443-4 1(0)o(TEST_COMMAND1(1)) N oL
command Mute
S(DESELECT) N
DESELECT IDLE
- Mute
(26" b —<
Error condition IDLE
P Mute
2  let1sn4E32.
b The valuefis sent in a standard frame and not in a short franie’
C  This test ig skipped for PICCs exploiting random UID.
d  ForPICCY exploiting a random UID perform this test-with a fixed arbitrary UID.

G.3.3.3.3 Tlest report

Fill the appropriate row in Table;G.61 according to Table G.9.

Table G:9— Result criteria for behavior of the PICC Type A in the IDLE state

Explanation Test result

Only when the PICC responded as|PASS
indicated in the procedure

Any other case FAIL

G.3.3.4 Scenario G.3: Behavior of the PICC Type A in the READY(1) state

G.3.3.4.1 Scope

This test is to determine the behavior of the PICC Type A in the READY state on cascade level 1 according to
ISO/IEC 14443-3.—, 6.3.3.
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Perform the following steps for all PICCs and every row of Table G.10:

a) Putthe PICC into READY(1) state.

b) Perform the state transition by sending the command as indicated in the PICC-test-apparatus column.

c) Check if the PICC response is as indicated in the PICC column.

d) If the PICC response is not Mute, check that the Frame Delay Time of the PICC conforms with the value

indicated-inthe-FDT column

e) (heckifthe PICC is in the state TTS.

Table G.10 — Transitions from READY(1) state

Transition PICC-test-apparatus PICC FDT TTS
REQA N
REQA IDLE
«— Mute
WUPA N
WUPA IDLE
«— Mute
HLTA _
HLTA IDLE
p Mute
('93' NVB UIDTX4[[1..n]] ) @ >
AC Y
(splf after (O)b) — if ny = 32 then (BCC) 7o || FEADYD
else (UIDTX;[[n+1..32]] BCC) @
('93' NVB UIDTX[[1..n]])"° —
AC Y
(spli} after (1)b) — if n, = 32 then (BCC) e || FEOY
else (UIDTX;[[n2+1..32]] BCC) P
(93' NVB £UIDTX,[[1..ng]]) | >
nAC 9
IDLE
(wfong UID) «— Mute
SELECT(1) —
SELECT ¢ TTS®
“«— SAK d FDT©
SELECTA ('93 70' ~UIDTX;BCC CRC_A) _ DLE
(wiong 'UID) Mute
('93 70" UIDTX; BCC ~CRC_A) N
Error condition IDLE
- Mute
ISO/IEC 14443-4 1(0)o(TEST_COMMAND1(1)) — IDLE
command Mute
S(DESELECT) _
DESELECT IDLE
p Mute
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Transition PICC-test-apparatus PICC FDT TTS
RATS(0,0) N
RATS IDLE
«— Mute
PPS(0,0,0) SN
PPS IDLE
«— Mute

¢ FDTis 117
Cascade b
€ Single size
f Let1<n;4

9  Any AC or
uID.

2  let1<n;<32,

32.

UIDTX4[[n4]] = 0. If such a number does not exist, the test may be skipped.

Let 1 <n, <32, UIDTX4[[n2]] = 1. If such a number does not exist, the test may be skipped.

t of SAK shall be (0)b for single size UID PICCs and (1)b for double and triple size UID PICCs.

UID PICC shall be in ACTIVE state; double and triple size UID PICCs shall be in READY state.

inin ISO/EC 14443-3-— 621 1).

SELECT command may be preceded with an anticollision command to retrieve the PICC UID, ‘especially for random

G.3.3.4.3 Test report

Fill the appro

Table G.11 — Result criteria for behavior of the PICC. Type A in the READY(1) state

G.3.3.5 Sceénario G.4: Behavior of the PICC Type A in the READY(2) state

G.3.3.51 S

This test is to
ISO/IEC 1444

G.3.3.5.2 H

Perform the fi

briate row in Table G.61 according to Table G.11.

Explanation Test result
Only when the PICC responded as|PASS
indicated in the procedure

Any other case FAIL

cope

rocedure

bllowing steps for all PICCs with double and triple size UID and every row of Table G.12:

determine the liehavior of the PICC Type A in the READY state on cascade level 2 according to
| 3-3:—, 6.3.3. This test is only for PICCs with double or triple size UID.

a) Putthe PICC into READY(2) state.

b) Perform the state transition by sending the command as indicated in the PICC-test-apparatus column.

c) Check if the PICC response is as indicated in the PICC column.

d) If the PICC response is not Mute, check that the Frame Delay Time of the PICC conforms with the value
indicated in the FDT column.

e) Check if the PICC is in the state TTS.
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Table G.12 — Transitions from READY(2) state

Transition PICC-test-apparatus PICC FDT TTS
REQA N
REQA IDLE
¢ Mute
WUPA N
WUPA IDLE
¢ Mute
HLTA N
HLTA IDLE
L Mute
('95' NVB UIDTX,[[1..n]] ) @ —
ACY
(splf after (O)b) — if n, = 32 then (BCC) Voo || AP
else (UIDTX,[[n;+1..32]] BCC) @
('95' NVB UIDTX,[[1..n2]] ) © —
ACY
(splil after (1)b) — if n, = 32 then (BCC) e || DY)
else (UIDTX,[[n,+1:32]] BCC) P
('95' NVB ~UIDTX[[1..n3]]) f —
nAC 9
IDLE
(wiong UID) pA— Mute
SELECT(2) —>
SELECT 9 TTS ©
— sak d FDT ¢
('95 70' ~UIDTX,; BCC CRC_A)
nSELECT 9 IDLE
(wfong UID) — Mute
("95 70' UIDTX, BCC ~CRC\A) SN
Errgr condition IDLE
«— Mute
1SONEC 14443-4 1(0)o(TEST_CQOQMMAND1(1)) N IDLE
cémmand Mute
S(DESELECT) N
DHSELECT IDLE
«— Mute
RATS(0,0) N
RATS IDLE
P Mute
PPS(0,0,0) N
PPS IDLE
pra— Mute

Let 1 <ny <32, UIDTX;[[n4]] = 0. If such a number does not exist, the test may be skipped.

Let 1 <n, <32, UIDTX;[[n2]] = 1. If such a number does not exist, the test may be skipped.

FDT is 1172/fc (~86,43 us) if last bit = (0)b and 1236/fc (~91,15 ps) if last bit = (1)b (see margin in ISO/IEC 14443-3:—, 6.2.1.1).

Cascade bit of SAK shall be (0)b for double size UID PICCs and (1)b for triple size UID PICCs.

Double size UID PICCs shall be in ACTIVE state; triple size UID PICCs shall be in READY state.

Let1<n;<32.

Any AC or SELECT command may be preceded with an anticollision command to retrieve the PICC UID, especially for random

uID.

© ISO/IEC 2011 — All rights reserved

95



https://iecnorm.com/api/?name=e3ceafbae4c0d2f65a15fa2f43964196

ISO/IEC 10373-6:2011(E)

G.3.3.5.3 Test report

Fill the appropriate row in Table G.61 according to Table G.13.

Table G.13 — Result criteria for behavior of the PICC Type A in the READY(2) state

Explanation Test result

If the PICC has a single size UID Not applicable (N/A)

When the PICC has a double or triple size | PASS
UID and only when it responded as

el boml i bl ol
maiecatcu i e provtuurc

Any other case FAIL

G.3.3.6 Scenario G.5: Behavior of the PICC Type A in the READY(3) state

G.3.3.6.1 Scope

This test is t¢ determine the behavior of the PICC Type A in the READY state according to ISO/IEC 14443-
3:—, 6.3.3. This test is only for PICCs with triple size UID.

G.3.3.6.2 Hrocedure

Perform the fpllowing steps for all PICCs with triple size UID and.every row of Table G.14:
a) Putthe RICC into READY(3) state.

b) Perform fhe state transition by sending the command as indicated in the PICC-test-apparatus colump.
c) Check if fhe PICC response is as indicated in;the PICC column.

d) If the PICC response is not Mute, check that the Frame Delay Time of the PICC conforms with the|value
indicated in the FDT column.

e) Check if fhe PICC is in the state TTS.
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Table G.14 — Transitions from READY(3) state

Transitions PICC-test-apparatus PICC FDT TTS
REQA N
REQA IDLE
¢ Mute
WUPA N
WUPA IDLE
¢ Mute
HLTA N
HLTA IDLE
Mute
('97' NVB UIDTX[[1..n,]] ) @ —
AC®
(splf after (O)b) — if ny = 32 then (BCC) i | ROV
else (UIDTX;[[n4+1..32]] BCC) @
('97' NVB UIDTX[[1..n,]] ) ° —
AC€©
(splif after (1)b) — it n, = 32 then (BCC) P
else (UIDTX[[n+17.32]] BCC) P
('97' NVB ~UIDTX;[[1..n3]]) @ —
nAC ©
IDLE
(wgong UID) «— Mute
SELECT(3) —
SELECT e ACTIVE
— SAK (complete) FDT ©
('97 70' ~UIDTX3;BCC CRC_A)
nSELECT © IDLE
(wfong UID) — Mute
('97 70' UIDTX; BCC ~CRC\A) N
Errgr condition IDLE
P Mute
isokc 144434 1(0)(TEST_GOMMAND1(1)) _ oL
c¢mmand Mute
S(DESELECT) BN
DHSELECT IDLE
P Mute
RATS(0,0) SN
RATS IDLE
- Mute
PPS(0,0,0) SN
PRS IDLE
- Mute

@  Let1<n;<32, UIDTX3[[n4]] = 0. If such a number does not exist, the test may be skipped.

Let 1 <n, <32, UIDTX3[[n,]] = 1. If such a number does not exist, the test may be skipped.

¢ FDTis 1172/fc (~86,43 ps) if last bit = (0)b and 1236/fc (~91,15 us) if last bit = (1)b (see margin in ISO/IEC 14443-3:—, 6.2.1.1).
d  Let1<n;<32.

Any AC or SELECT command may be preceded with an anticollision command to retrieve the PICC UID, especially for random
uID.
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G.3.3.6.3 Test report

Fill the appropriate row in Table G.61 according to Table G.15.

Table G.15 — Result criteria for behavior of the PICC Type A in the READY(3) state

Explanation Test result

If the PICC has a single or double size | Not applicable (N/A)
uiD

When the PICC has a triple size UID and | PASS

1 Lo ib aloal HGRH boal i bl
Ullly WHITTT TUTTOPUTTUTU do TTUILatCuim tuic

procedure

Any other case FAIL

G.3.3.7 Scenario G.6: Behavior of the PICC Type A in the ACTIVE state

G.3.3.71 S

This test is td
3:—, 6.3.4.

G.3.3.7.2 H

Perform the fi

cope

determine the behavior of the PICC Type A in the ACTIVE state according to ISO/IEC 14443-

rocedure

bllowing steps for every row of Table G.16:

a) Putthe RICC into ACTIVE state.
b) Perform fhe state transition by sending the command as indicated in the PICC-test-apparatus column.
c) Check if fhe PICC response is as indicated in\the PICC column.
d) Ifthe PIQC response is not Mute, check-that the Frame Delay Time of the PICC is as indicated in the FDT
column.
e) Checkifthe PICC is in the state TTS.
Table G.16 — Transitions from ACTIVE state
Transition PICC-test-apparatus PICC FDT TT$
REQA —>
REQA IDLE
«— Mute
WUPA —>
WUPA IDLE
«— Mute
('93' NVB UIDTX4[[1..n]] ) @ —
AC IDLE
«— Mute P
('93' NVB ~UIDTX4[[1..n])) @ —
nAC IDLE
“— Mute P
HLTA N
HLTA HALT
«— Mute
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Transition PICC-test-apparatus PICC FDT TTS
SELECT(1) -
SELECT IDLE
“— Mute P
('93 70' ~UIDTX4 BCC CRC_A) -
nSELECT IDLE
“— Mute P
RATS(0,0) -
RATS PROTOCOL
- ATS < 65536/fc
('EO 00' ~CRC_A) —
Error condition IDLE
“— Mute P
190/IEC 14443-4 1(0)o(TEST_COMMAND1(1)) — DLE
command «— Mute °
S(DESELECT) N
DESELECT IDLE
«— Mute P
PPS(0,0,0) N
PPS IDLE
«— Mute P
8  Lpt1<n,<32
b Mute or proprietary response.

G.3.3|7.3 Test report

Fill the appropriate row in Table G.61 according‘to Table G.17.

Table G.17 — Result criteria‘for behavior of the PICC Type A in the ACTIVE stafe

Explanation Test result

Only when the ,PICC responded as|PASS
indicated in the procedure

Any othercase FAIL

G.3.3{8 Scenario G.7: Behavior of the PICC Type A in the HALT state

G.3.3{8.1 \_Scope

This test is to determine the behavior of the PICC Type A in the HALT state according to ISO/IEC 14443-3:—,
6.3.5.

G.3.3.8.2 Procedure

Perform the following steps for every row of Table G.18:

a) Putthe PICC into HALT state.

b) Perform the state transition by sending the command as indicated in the PICC-test-apparatus column.

c) Check if the PICC response is as indicated in the PICC column.

© ISO/IEC 2011 — All rights reserved 929


https://iecnorm.com/api/?name=e3ceafbae4c0d2f65a15fa2f43964196

ISO/IEC 10373-6:2011(E)

d) If the PICC response is not Mute, check that the Frame Delay Time of the PICC is as indicated in the FDT
column.

e) Check if the PICC is in the state TTS.

Table G.18 — Transitions from HALT state

Transition PICC-test-apparatus PICC FDT TTS
REQA SN
REQA HALT
« Mute
WUPA —
WUPA READY*(1)
p ATQA 1236/fc
HLTA SN
HLTA| HAUT
«— Mute
('93' NVB UIDTX4[[1..n4]] )@ —>
AC HAUT
«— Mute
('93' NVB ~UIDTX4[[1..n4]] )@ —>
nAC HAUT
- Mute
SELECT(1) SN
SELEQT HAUT
«— Mute
("93 70' ~UIDTX; BCC CRC_A) N
nSELEQT HAUT
«— Mute
RATS(0,0) Y
RATS HAUT
«— Mute
('52") in the standard frame SN
Error condition HAUT
«— Mute
ISO/IEC 14h43-4 1(0)o(TEST_COMMAND1(1)) N hadr
command - Mute
S(DESELECT) N
DESELECT HAUT
«— Mute
PPS(0,0,0) SN
PPS HAUT
« Mute
a8 Let1<ns k32

G.3.3.8.3 Test report

Fill the appropriate row in Table G.61 according to Table G.19.

100 © ISO/IEC 2011 — All rights reserved


https://iecnorm.com/api/?name=e3ceafbae4c0d2f65a15fa2f43964196

ISO/IEC 10373-6:2011(E)

Table G.19 — Result criteria for behavior of the PICC Type A in the HALT state

G.3.3.9 Scenario G.8: Behavior of the PICC Type A in the READY*(1) state

Explanation Test result
Only when the PICC responded as|PASS
indicated in the procedure

Any other case FAIL

G.3.3[9.T Scope

This test is to determine the behavior of the PICC Type A in the READY™ state of cascade leyel | according to
ISO/IEC 14443-3:—, 6.3.6.

G.3.319.2 Procedure

Perfofm the following steps for every row of Table G.20:

a) Hut the PICC into READY*(1) state.

b) Rerform the state transition by sending the command as indicated in the PICC-test-apparatu

c) (heck if the PICC response is as indicated in the PICC c¢olumn.

d) Ifthe PICC response is not Mute, check that the Erame Delay Time of the PICC conforms

mdicated in the FDT column.

e) (heck that the PICC is in the state TTS.

Table G.20 ~~Transitions from READY*(1) state

5 column.

vith the value

Transition PICC-test-apparatus PICC FDT TTS
REQA _
REQA HALT
«— Mute
WUPA _
IWUPA HALT
«— Mute
HLTA N
HLTA HALT
¢ Mute
('93' NVB UIDTX4[[1..n]] ) @ —
AC %
(split after (0)b) PR fn; = 32 then (BCC) J—— READY*(1)
else (UIDTX4[[n,+1..32]] BCC) @
('93' NVB UIDTX4[[1..n]] ) ° —
AC .
(split after (1)b) — if n, = 32 then (BCC) 123601 READY*(1)
else (UIDTX4[[n,+1..32]] BCC) P
(93' NVB ~UIDTX[[1..n]])f >
nAC
HALT
(wrong UID) ¢ Mute
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Transition PICC-test-apparatus PICC FDT TTS
SELECT(1) —>
SELECT TTS ©
sakd FDT©
('93 70' ~UIDTX; BCC CRC_A) SN
nSELECT HALT
(wrong UID) “— Mute
('93 70' UIDTX, BCC ~CRC_A) SN
Error condition HALT
Mute
ISO/IEC 144444 1(0)o(TEST_COMMAND1(1)) SN ol
command Mute
S(DESELECT) SN
DESELECT HALT
¢ Mute
RATS(0,0) N
RATS HALT
< Mute
PPS(0,0,0) N
PPS HALT
< Mute

a8  Let1<n4932, UIDTX;[[n] = 0. If such a number does not exist, the test maybe'skipped.
b Let1< nz 432, UIDTX4[[n2]] = 1. If such a number does not exist, the test may be skipped.
C  FDTis 117R/fc (~86,43 us) if last bit = (0)b and 1236/fc (~91,15 us) if last’bit = (1)b (see margin in ISO/IEC 14443-3:—, 6.2.1./1).
Cascade bit of SAK shall be (0)b for single size UID PICCs and.{1)b for double and triple size UID PICCs.

€ Single size|UID PICCs shall be in ACTIVE state; double and-triple size UID PICCs should be in READY state.

f Let1<n;432.

G.3.3.9.3 Tlest report

Fill the appropriate row in Table G:6'1 according to Table G.21.

Table G.21 — Result criteria for behavior of the PICC Type A in the READY*(1) state

Explanation Test result

Only* when the PICC responded as|PASS
indicated in the procedure

Any other case FAIL

G.3.3.10 Scenario G.9: Behavior of the PICC Type A in the READY*(2) state

G.3.3.10.1 Scope

This test is to determine the behavior of the PICC Type A in the READY™ state of cascade level 2 according to
ISO/IEC 14443-3.:—, 6.3.6. This test only applies to PICCs with double or triple size UID.
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G.3.3.10.2 Procedure

Perform the following steps for every row of Table G.22:

a) Putthe PICC into READY*(2) state.

b) Perform the state transition by sending the command as indicated in the PICC-test-apparatus column.
c) Check if the PICC response is as indicated in the PICC column.

d) If the PICC response is not Mute, check that the Frame Delay Time of the PICC conforms with the value

indicated-inthe-FDT column

e) (heckifthe PICC is in the state TTS.
Table G.22 — Transitions from READY*(2) state
Transition PICC-test-apparatus PICC FDT TTS
REQA _
REQA HALT
«— Mutée
WUPA BN
WUPA HALT
¢ Mute
HLTA _
HLTA HALT
PR Mute
('95' NVB UIDTX[[1..n]] ) @ RN
AC N
(spljt after (O)b) - if ny = 32 then (BCC) 11721f0 READY*(2)
else (UIDTX[[n;+1..32]] BCC) @
('95' NVB UIDTX[[1..ns)™° —
AC %
(spljt after (1)b) PR if n, = 32 then (BCC) 123601 READY*(2)
else (UIDTX[[n+1..32]] BCC) P
(95' NVB(~YIDTX[[1..n]]) | >
nAC
HALT
(wrong UID) ¢ Mute
SELECT(2) —>
BELECT TTS ©
«— SAKd FDT©
('95 70' ~UIDTX, BCC CRC_A)
HSELECT ’ HALT
(\A rong | ||n) < Muta.
('95 70' UIDTX; BCC ~CRC_A) N
Error condition HALT
¢ Mute
ISONEC 144434 1(0)o(TEST_COMMAND1(1)) N ALT
command Mute
S(DESELECT) N
DESELECT HALT
¢ Mute
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Transition PICC-test-apparatus PICC FDT TTS
RATS(0,0) N
RATS HALT
P Mute
PPS(0,0,0) N
PPS HALT
P Mute

¢ FDTis 117
Cascade bi
Double sizg

f Let1<n;4

Let 1 <ny <32, UIDTX;[[n4]] = 0. If such a number does not exist, the test may be skipped.

Let 1 <n, <32, UIDTX,[[n2]] = 1. If such a number does not exist, the test may be skipped.

of SAK shall be (0)b for double size UID PICCs and (1)b for triple size UID PICCs.
UID PICCs shall be in ACTIVE state; triple size UID PICCs shall be in READY state.

32.

G.3.3.10.3 Tlest report

Fill the appro

Ta

priate row in Table G.61 according to Table G.23.

ble G.23 — Result criteria for behavior of the PICC Type A in the READY*(2) state

Explanation Test result

If the PICC has a single size UID Not applicable (N/A)

When the PICC has a double or triple size | PASS
UID and only when if responded as
indicated in the procedure

Any other case FAIL

G.3.3.11 Scenario G.10: Behavior of the_ PICC Type A in the READY*(3) state

G.3.3.11.1 S

This test is to
ISO/IEC 1444

G.3.3.11.2 H

Perform the fi

cope

}3-3:—, 6.3.6. This test is only for PICCs with triple size UID.

rocedure

pllowing steps for every row of Table G.24:

determine the iehavior of the PICC Type A in the READY™* state of cascade level 3 according to

a) Putthe PICC into READY*(3) state.

b) Perform the state transition by sending the command as indicated in the PICC-test-apparatus column.

c) Check if the PICC response is as indicated in the PICC column.

d) If the PICC response is not Mute, check that the Frame Delay Time of the PICC conforms with the value
indicated in the FDT column.

e) Checkifthe PICC s in the state TTS.
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Table G.24 — Transitions from READY*(3) state

Transition PICC-test-apparatus PICC FDT TTS
REQA —
REQA HALT
«— Mute
WUPA SN
WUPA HALT
«— Mute
HLTA SN
HLTA HALT
Mute
('97' NVB UIDTX;[[1..n4]] ) @ —>
AC %
(splk after (0)b) — if n, = 32 then (BCC) Yoo || FEAPY®
else (UIDTXs[[n+1..32]] BCC) 2
('97' NVB UIDTX,[[1..n7]] ) ° —
AC %
(splif after (1)b) - if n, = 32 then (BCE) 1236010 READY*(3)
else (UIDTX[[n+1:32]] BCC) P
('97' NVB ~UIDTXs[[1..n3]]) @ -
nAC
HALT
(wiong UID) ¢ Mute
SELECT(3) —
YELECT ACTIVE*
“— SAK (complete) FDT ©
('97 70' ~UIDTX3BCC CRC_A)
n$ELECT
(wfong UID) — Mute HALT
('97 70" UIDTX; BCC ~CRC\A) BN
Errgr condition HALT
P Mute
1SonkEC 14443-4 1(0)o(TEST_COMMAND1(1)) BN
d HALT
cpmman - Mute
S(DESELECT) BN
DHSELECT HALT
P Mute
RATS(0,0) BN
RATS HALT
P Mute
PPS(0,0,0) BN
PRS HALT
«— Mute

Let 1 <ny <32, UIDTX;[[n4]] = 0. If such a number does not exist, the test may be skipped.
Let 1 < n, <32, UIDTX3[[n2]] = 1. If such a number does not exist, the test may be skipped.
¢ FDTis 1172/fc (~86,43 ps) if last bit = (0)b and 1236/fc (~91,15 us) if last bit = (1)b (see margin in ISO/IEC 14443-3:—, 6.2.1.1).

d  Let1<n;<32

G.3.3.11.3 Test report

Fill the appropriate row in Table G.61 according to Table G.25.
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Table G.25 — Result criteria for behavior of the PICC Type A in the READY*(3) state

G.3.3.12 Sclnario G.11: Behavior of the PICC Type A in the ACTIVE* state

Explanation Test result

If the PICC has a single or double size | Not applicable (N/A)
uiD

When the PICC has a triple size UID and | PASS
only when it responded as indicated in the
procedure

Any other case FAIL

G.3.3.12.1 Scope

This test is td

3:—, 6.3.7.

G.3.3.12.2 Rrocedure

Perform the fi

bllowing steps for every row of Table G.26:

a) Putthe RICC into ACTIVE state.

b) Perform

he state transition by sending the command as indicated in the PICC-test-apparatus colum

determine the behavior of the PICC Type A in the ACTIVE* state according, to ISO/IEC 14443-

=)

c) Check if fhe PICC response is as indicated in the PICC column.
d) Ifthe PIQC response is not Mute, check that the Frame Delay Time of the PICC is as indicated in the FDT
column.

e) Checkif

the PICC is in the state TTS.

Table G:26*— Transitions from ACTIVE* state

Transitign PICC-test-apparatus PICC FDT TTE
REQA N
REQA HAUT
«— Mute
WUPA N
WUPA HAUT
«— Mute
HLTA N
HLTA HAUT
p m— Mute
('93' NVB UIDTX[[1..n4]] ) @ —
AC HALT
«— Mute P
('93' NVB ~UIDTX4[[1..n4]]) @ —
nAC HALT
«— Mute P
SELECT(1) N
SELECT HALT
«— Mute P
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Transition PICC-test-apparatus PICC FDT TTS
('93 70' ~UIDTX4 BCC CRC_A) N
nSELECT HALT
— Mute P
RATS(0,0) N
RATS PROTOCOL
PR ATS < 65536/fc
('E0 00' ~CRC_A) N
Error condition HALT
— Mute P
ISQUEC 14443-4 1(0)o(TEST_COMMAND1(1)) — AL
command Mute b
S(DESELECT) N
DESELECT HALT
“— Mute P
PPS(0,0,0) .
PPS HALT
«— Mute P

a  Let1<n,<32.

b Mute or proprietary response.

G.3.3{12.3 Test report

Fill the appropriate row in Table G.61 according to Table G.27.

Table G.27 — Result criteria for behavior of the PICC Type A in the ACTIVE* state

Explanation Test result

Only when the PICC_responded as|PASS
indicated in the procedure

Any other case FAIL

G.3.3113 Scenario G.12:)Behavior of the PICC Type A in the PROTOCOL state

G.3.3|13.1 Scope

This [test is~{o” determine the behavior of the PICC Type A in the PROTOCOL state [according to
ISO/IEC 14443-4:2008. This test shall ensure that the activated PICC does not respond to any gnticollision or
initialization command.

G.3.3.13.2 Procedure

Perform the following steps for every row of Table G.28:

a) Putthe PICC into PROTOCOL state.

b) Perform the state transition by sending the command as indicated in the PICC-test-apparatus column.
c) Check if the PICC response is as indicated in the PICC column.

d) If the PICC response is not Mute, check that the Frame Delay Time of the PICC is as indicated in the FDT
column.
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e) Checkifthe PICC is in the state TTS.

Table G.28 — Transitions from PROTOCOL state

Transition PICC-test-apparatus PICC FDT TTS
REQA _
REQA PROTOCOL
« Mute
WUPA N
WUPA PROTOCOL
< Mute
('93' NVB UIDTX4[[1..n4]] )@ —
AC RROTPCOL
p Mute
('93' NVB ~UIDTX;[[1..n4]] )@ —
nAC PROTPCOL
- Mute
HLTA _
HLTA PROTPCOL
«— Mute
SELECT(1) .
SELECT PROTPCOL
P Mute
('93 70' ~UIDTX,; BCC CRC_A) N
nSELECT PROTPCOL
«— Mute
RATS(0,0) N
RATS PROTPCOL
«— Mute
S(DESELECT, ~CRC_A) -
Error condition PROTPCOL
« Mute
S(DESELECT) S\
DESELECT PR S(DESELECT) 6553_6_/fc as HALT
specified in
ISO/IEC 14443-4:
2008, 8.1
PPS(0,0,0) SN
PPS PROTPCOL
«— Mute, or PPS response b
1(0)o(TEST. COMMAND1 (1)) SN
ISO/IEC 14433-4 PROTPCOL
comman «  |(0)(TEST_RESPONSE1(1)) <FWT
@  Let1<n;432.
b PPS respohseis retmed if the PICC supports PPS

G.3.3.13.3 Test report

Fill the appropriate row in Table G.61 according to Table G.29.

108 © ISO/IEC 2011 — All rights reserved



https://iecnorm.com/api/?name=e3ceafbae4c0d2f65a15fa2f43964196

ISO/IEC 10373-6:2011(E)

Table G.29 — Result criteria for behavior of the PICC Type A in the PROTOCOL state

Explanation Test result

Only when the PICC responded as|PASS
indicated in the procedure

Any other case FAIL

G.3.4 Scenario G.13: Handling of Type A anticollision

G.3.4/1

This test is to perform a full bitwise anticollision loop according to ISO/IEC 14443-3:—, 6.5)3:

G.3.4{2 Procedure

a) Hut the PICC into the field.

b) Rut the PICC into READY(1) state.
c) Hxecute AnticollisionA.

d) Hutthe PICC into READY*(1) state.
e) Hxecute AnticollisionA.

Pseufocode: Type A anticollision procedure

Scope

1
2
3
4
5
6
7
8
9
1
1
1
1
1
1

Tt T O

Procedure AnticollisionA
// TPDUSend and TPDURecv are RED specific functions
// to send and receive framés

for ¢ = 1 to CascadeLevels do

// anticollision‘over UID bits

for p =1 to 32 do
// enter desired cascade level
if ¢ > 2 sthen TPDUSend(SELECT(1))
if ce="3 then TPDUSend(SELECT(2))
//Santicollision with matched bit
NVB[[1..4]] = (p + 16) mod 8
NVB[[5..8]] = (p + 16) div 8
TPDUSend (SEL(C) NVB UIDTXc[[1..p]1]1)

16
17
18
19
20
21
22
23
24

T TPDURECV() Z# CUIDTXcLLPFI..32]1] BCC) THEm returnm FALIL
// anticollision with unmatched bit
TPDUSend(SEL(c) NVB UIDTXc[[1..p-1]]1 ~UIDTX:[[p]l1)

if TPDURecv() # Mute then return FAIL
// re-enter READY(1l) (resp. READY*(1)) state
TPDUSend (WUPA)
end for
end for
return PASS

© ISO/IEC 2011 — All rights reserved
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G.3.4.3 Testreport

Fill the appropriate row in Table G.61 according to Table G.30.

Table G.30 — Result criteria for handling of Type A anticollision

Explanation Test result

Only when every Anticollision Test|PASS
procedure has returned PASS

When any Anticollision Test procedure FAIL

G.3.5 Handlling of RATS

Handling of R

Scenario G.1

Scenario G.1

Scenario G.1

Scenario G.1

G.3.6 Handlling of PPS request

G.3.6.1 Scope

This test is
ISO/IEC 1444

G.3.6.2 Prg
Perform the f
a) PuttheHR
b) Send the

c) Checkth

lo 4 ol bl ! AL
Ndo TCWITICU UiIc vaiuc 1 ATk

ATS is tested in G.3.3.7 and G.3.3.12.

4: RATS after wrong RATS

1, which was defined in ISO/IEC 10373-6:2001/Amd.1:2007, is deleted.

5: RATS after RATS

b, which was defined in ISO/IEC 10373-6:2001/Amd.4:2007, is deleted.

to determine the handling of .the PPS request by the PICC Type A according to
}3-4:2008, 5.6.2.2.

cedure

bllowing steps for each.Scenario G.16 through G.19 listed in this subclause:

ICC in PROTOCQOL state.

command.as'described under the PICC-test-apparatus column in each Scenario.

at the response of the PICC conforms to the one given in the PICC column.

he PICC is in PROTOCOI state

d) Check if

Scenario G.16: PPS without parameter change

Scenario G.16, which was defined in ISO/IEC 10373-6:2001/Amd.1:2007, is deleted.
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Scenario G.17: PPS without PPS1

PICC-test-apparatus PICC
('DO 01' CRC_A) N
«— Mute or ('DO' CRC_A) @
@  Both responses are valid.
Scenario G.18: PPS after PPS
PICC-test-apparatus PICC
PPS(0,0,0) SN
«— Mute or (D0’ CRCLA)?
PPS(0,0,0) N
- Mute
@ | Response depends on whether the PICC supports PPS or not. If the PICC does fiot support any changeable parameters it
g:ﬁyd;:é)support the PPS request because the PCD shall not send PPS to such a RICE" (see ISO/IEC 14443-4:2008, Clause 5,

Scengrio G.19: PPS after unreceived PPS

PICC-test-apparatus PICC
(‘DO 11 00' ~CRC_A) _
- Mute
PPS(0,0,0) N
P W Mute

G.3.6/3 Test report

Fill the appropriate rows. ifi-Table G.61 according to Table G.31.

Table G.31 — Result criteria for handling of PPS request

Explanation Test result

Only when the PICC responded as|PASS
indicated in the procedure

Any other case FAIL

G.3.7 Scenario G.20: Handling of FSD

G.3.7.1 Scope

This test is to determine if the PICC Type A respects the FSD value as negotiated by the RATS according to
ISO/IEC 14443-4:2008, 5.1.
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G.3.7.2 Procedure

Perform the following steps for each FSDI = 0 to 8:

a) Putthe PICC into ACTIVE state.

b) Send the

c) Checkth

RATS(0, fsdi) command with parameter fsdi as in the particular test.

at the PICC answer is a valid ATS and that its size is < FSD.

NOTE The PICC may require additional sequences to be ready to accept TEST_COMMAND2(2).

d) Send thg

e) Checkth

I-block 1(0)o(TEST_COMMAND2(2)).

at the size of the I-block sent by the PICC is < FSD.

G.3.7.3 Test report

Fill the appro

G4 Testn

priate row in Table G.61 according to Table G.32.

Table G.32 — Result criteria for Scenario G.20: Handling of FSD

Explanation Test result

Only when the PICC responded as|PASS
indicated in the procedure

Any other case FAIL

nethod for initialization of the PICC Type B

G.4.1 Introduction

This chapter
ISO/IEC 1444

If the PICC
ISO/IEC 1444

G.4.2 Scen

is to test if the PICC Type B conforms to the ISO/IEC 14443-3:— standard. If complianc
| 3-4:2008 is not required all tests containing ISO/IEC 14443-4 commands need not be appl

does not support) 'the REQB/WUPB with N>1 nor the Slot-MARKER command
|3-3:—, 7.6.1) all.tests containing these commands need not be applied.

ario G.21:'Polling

G4.21 Sche

B with
ed.

(see

This test is to determine the behavior of the PICC Type B on receiving of REQB according to ISO/IEC 14443-
3:—, Clause 5.

G.4.2.2 Procedure

Perform the following steps for 3 different operating fields of 1,5, 4,5 and 7,5 A/m (rms):

a) Place the PICC into the field and adjust it.

b) Switch the RF operating field off for a minimum time for resetting a PICC in accordance with

ISO/IEC

14443-3.—, 5.4.

c) Switch the RF operating field on.

112
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d) Wait5 ms and send a valid REQB(1) command frame.

e) Record the presence and the content of the PICC response.

f) Switch the RF operating field off for a minimum time for resetting a PICC in accordance with
ISO/IEC 14443-3:—, 5.4.

g) Switch the RF operating field on.

h) Wait 5 ms and send a valid REQA command frame (with Type A modulation).

i) Wait-b-ms-and-sendavalid-REQB(H-commandframo—0MmMmMmM —M —

) F
G.4.2

Fill th

G.4.3

G.4.3

This
ISO/I

G.4.3

Perfo

O
~
[ds)

()
~
wn

ecord the presence and the content of the PICC response.

3 Testreport

b appropriate row in Table G.62 according to Table G.33:

Table G.33 — Result criteria for Scenario G.21;Polling

Explanation Test result

Only when the PICC’s response is a valid | PASS
ATQB in both steps €) and j)

When the PICC’s response isn't a valid | FAIL
ATQB in any of steps e) or j)

Scenario G.22: PICC Reception

1 Scope

est is to determine the behavior of a Type B PICC when receiving PCD messages
FC 14443-3:—, 7.1.1, 7127 1.4 and 7.1.5.

2 Procedure
'm the following ‘'steps for each row of Table G.34:
lace the Reference PICC into the field.

et the frame parameters of the PICC-test-apparatus according to Table G.34.

enda REQBcommand:

d) Record the presence, content and timing of the PICC response.

e) Check that the frame format of the PICC response conforms to the following:

— The PICC response shall be a valid ATQB;

— The SOF logic 0 timing shall be between 10 and 11 etu;

— The SOF logic 1 timing shall be between 2 and 3 etu;

— The EOF logic 0 timing shall be between 10 and 11 etu;
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— The TRO timing shall be in the range 64/fs < TRO < 256/fs;
— The TR1 timing shall be in the range 80/fs < TR1 < 200/fs;

— The PICC shall be turn off the subcarrier between 0 and 2 etu after end EOF.

Table G.34 — Type B frame parameters

EGT SOF (logic 0) SOF (logic 1) EOF
[ps] [etu] [etu] [etu]
Q0 10 2 10
57 10 2 10
0 11 2 10
0 10 3 10
0 10 2 11

G.4.3.3 Testreport

Fill the appropriate row in Table G.62 according to Table G.35.

Table G.35 — Result criteria for Scenario G:22: PICC Reception

Explanation Test result

Only when the PICC responded as|PASS
indicated in the procedure

Any other case FAIL

G.4.4 Testipg of the PICC Type B state transitions

These tests pre to verify the correcthimplementation of the PICC Type B state diagram as described in
ISO/IEC 14443-3:—, 7.4.

G.4.4.1 Genheral Test Outline

This is the same procedure as described for the PICC Type A (see G.3.3.2).

G.4.4.1.1 Hunctions to set the PICC in Test Initial State TIS

Putting the PTCTinio the State TS will be done by a sequence of transition commands speciiied in
Table G.37. The general method is as follows:

In order to put the PICC into State TIS, look up the corresponding State Transition Sequence in Table G.36.

Then successively apply the state transitions described in this column by looking up the corresponding
commands in the State Transition Table. Always check the content and integrity of the PICC response.

114 © ISO/IEC 2011 — All rights reserved


https://iecnorm.com/api/?name=e3ceafbae4c0d2f65a15fa2f43964196

ISO/IEC 10373-6:2011(E)

Table G.36 — State Transition Sequence

TIS State Transition Sequence
POWER-OFF -
IDLE POWER-OFF —IDLE
READY-REQUESTED POWER-OFF —IDLE — READY-REQUESTED
READY-DECLARED POWER-OFF —IDLE — READY-DECLARED
PROTOCOL POWER-OFF —IDLE — READY-DECLARED — PROTOCOL
HALT POWER-OFF —»IDLE - READY-DECLARED — HALT

Table G.37 — State Transition

State —» Next State PICC-test-apparatus PICC
Power On —
POWER-OFF — IDLE (RF operating Field on)
= Mute
REQB(16) —F
IDLE - READY-REQUESTED
< Mute @
REQB(1) —>
IDLE - READY-DECLARED
“— ATQB
HLTB —
READY-DECLARED — HALT
“— '00' CRC_B
ATTRIB(0,0) —
READY-DECLARED — PROTOCOL
“— ATA(0)
@ | In case the PICC has selected slot 1, the REQB command shall be reissued until the PICC doesn't answer ATQE.

G.4.4{1.2 Functions for checking the validity of the Test Target State TTS

The fpllowing Table G.38.describes the state transitions, which are used to check whether the PICC is in the
state 5. The content of the PICC answer (i.e. ATQB...) should be thoroughly checked for ISO/IE|IC 14443-3:—
and I$O/IEC 14443+4 conformance.

NOTE| The'tests may cause the PICC to change state.

Table G.38 — Checking the TTS

TTS PICC-test-apparatus PICC
REQB(1) .
IDLE
- ATQB
SLOTMARKER (n) @ —
READY-REQUESTED
- ATQB
ATTRIB(0,0) .
READY-DECLARED
ATA(0)
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TTS PICC-test-apparatus PICC
1(0)o(TEST_COMMAND1(1)) N
PROTOCOL
- 1(0)o(TEST_RESPONSE1(1))
REQB(1) _
«— Mute
HALT
WUPB(1) N
- ATQB
2 Since the-selested
ATQB is redeived.
G.4.4.2 Sceénario G.23: Behavior of the PICC Type B in the IDLE state
G.4.421 Scope
This test is tq determine the behavior of the PICC Type B in the IDLE state according to ISO/IEC 14443-3:—,
7.4.4.
G.4.4.2.2 Hrocedure
Perform the fpllowing steps for every row of Table G.39:
a) Putthe RICC into IDLE state.
b) Perform fhe state transition by sending the command @s indicated in the PICC-test-apparatus colump.
c) Check ifthe PICC response is as indicated in the:PICC column.
d) Checkifthe PICC is in the state TTS.
Table-G.39 — Transitions from IDLE state
Transitign PICCstest-apparatus PICC TTS
REQB(1) -
REQB READY-DECLARED
- ATQB
WUPB(1) SN
WUPB READY-DECLARED
- ATQB
REQB ('05 00 00' ~CRC_B) SN o
(wrong CRC) P Mute 1BEE
WUPB ('05 00 08' ~CRC_B) SN
IDLE
(wrong CRC) - Mute
HLTB SN
HLTB b IDLE
«— Mute
ATTRIB(0,0) SN
ATTRIBP IDLE
«— Mute
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Transition PICC-test-apparatus PICC TTS
SLOTMARKER(n) @ —>
Slot-MARKER IDLE
«— Mute
ISO/IEC 14443-4 1(0)o(TEST_COMMAND1(1)) SN DLE
command - Mute
S(DESELECT) N
DESELECT IDLE
«— Mute
REQRB REQB(1 nAF])
DLE
(Uhmatched AFI) p Mute
WUPB WUPB(1,nAFI) N
DLE
(Unmatched AFI) « Mute
HLTB (Unmatched HLTB(~PUPI) —
DLE
PUPI) - Muté
ATTRIB (Unmatched ATTRIB(0, 0, ~PUPI) — OLE
PUPI) - Mute
REQB(16) © —>
REQB ¢ READY-REQUESTED
P Mute
WUPB(16) © >
wupB d READY-REQUESTED
«— Mute
@ n|shall run through all values 2 < n < 16.
b FprPICCs using random PUPI apply an arbitrary one for this command.
€ Nevertheless, there is statistically a probability 0f4/16 so that the PICC answers ATQB and goes to READY-DECLARED state.
d  Ifthe PICC does not support the REQB/WUPB with N > 1 (see ISO/IEC 14443-3:—, 7.6.1) the test need not be applied.

G.4.4/2.3 Testreport

Fill the appropriate row in Table G.62 according to Table G.40.

[able G.40>—=Result criteria for Scenario G.23: Behavior of the PICC Type B in the IDLE state

Explanation Test result

Only when the PICC responded as|PASS

indicated in the procedure

Any other case FAIL

G.4.4.3 Scenario G.24: Behavior of the PICC Type B in the READY-REQUESTED sub-state

If the PICC does not support the REQB/WUPB with N> 1 nor the Slot-MARKER command (see
ISO/IEC 14443-3:—, 7.6.1) this Scenario need not be applied.
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G.4.4.3.1 Scope

This test is to determine the behavior of the PICC Type B in the READY-REQUESTED sub-state according to
ISO/IEC 14443-3:—, 7.4.5.

G.4.4.3.2 Procedure
Perform the following steps for every row of Table G.41:

a) Putthe PICC into READY-REQUESTED sub-state.

b) Perform fheState transition by Sending the command-as fmdicated i the PtCC-test-apparatus cotarm.

c) Check if fhe PICC response is as indicated in the PICC column.

d) Check if fhe PICC is in the state TTS.

Table G.41 — Transitions from READY-REQUESTED sub-state

Transitign PICC-test-apparatus PICC TTS
REQB(1)
REQB READY-DECLARHD
ATQB
WUPB(1)
WUPB READY-DECLARHD
ATQB
('05 00 00' ~CRC_B)
REQCBRC READY-REQUESTED
(wrong ) Mute
('05 00 08' ~CRC_B)
WUFE:E;C READY-REQUESTED
(wrong ) Mute
HLTB
HLTB P READY-REQUESTED
Mute
ATTRIB(0,0)
ATTRIB P READY-REQUESTED
Mute
SLOTMARKER(n)?2
Slot-MARKER READY-DECLARHD

ATQB or Mute

ISO/IEC 14443-4 1(0)o(TEST_COMMAND1(1))

READY-REQUESTED
commanf

R L R A R R A R R A A

Mute
S(DESELECT)
DESELECT READY-REQUESTED
Mute
REQB(16) ©
REQB READY-REQUESTED
Mute
WUPB(16) ©
WUPB READY-REQUESTED
Mute
REQB REQB(1,nAFI)
IDLE 9
(Unmatched AFI) Mute
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Transition PICC-test-apparatus PICC TTS
WUPB WUPB(1,nAFI) —>
IDLE ¢
(Unmatched AFI) «— Mute
HLTB HLTB(~PUPI) —>
READY-REQUESTED
(Unmatched PUPI) «— Mute
ATTRIB ATTRIB(0, 0, ~PUPI) —>
READY-REQUESTED
(Unmatched PUPI) «— Mute

n shall run through all values 2 < n < 16. The PICC shall respond ATQB at exactly one value of n, else Mute.

b FprPICCs using random PUPI apply an arbitrary one for this command.

€ Nevertheless, there is statistically a probability of 1/16 so that the PICC answers ATQB and goes to READY¥*DECLARED state.

d  Send all Slot-MARKER commands and verify that there is no response before checking the IDLE state.

G.4.4/3.3 Testreport

Fill the appropriate row in Table G.62 according to Table G.42.

Table G.42 — Result criteria for Scenario G.24: Behaviorof the PICC Type B in the READY-
REQUESTED sub-state

Explanation Test result

Only when the PICC responded asPASS
indicated in the procedure

Any other case FAIL

G.4.4/4 Scenario G.25: Behavior ofithe PICC Type B in the READY-DECLARED sub-state

G.4.441 Scope

This test is to determine the.behavior of the PICC Type B in the READY-DECLARED sub-statg according to
ISO/IEC 14443-3:—, 7.4.6.

G.4.4{4.2 Procedure
Perfofm the falloewing steps for every row of Table G.43:

a) Hufthe PICC into READY-DECLARED sub-state.

b) Perform the state transition by sending the command as indicated in the PICC-test-apparatus column.
c) Check if the PICC response is as indicated in the PICC column.

d) Checkifthe PICC is in the state TTS.

Table G.43 — Transitions from READY-DECLARED sub-state

Transition PICC-test-apparatus PICC TTS

REQB(1) N
REQB READY-DECLARED
- ATQB
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Transition PICC-test-apparatus PICC TTS
WUPB(1) —
WUPB READY-DECLARED
PR ATQB
REQB ('05 00 00' ~CRC_B) BN
READY-DECLARED
(wrong CRC) - Mute
WUPB ('05 00 08' ~CRC_B) BN
READY-DECLARED
(wrong CRC) - Mute
HLTB —
HLTB HALT
- ('00' CRC_B)
ATTRIB(0,0) BN
ATTRIB PROTOCOL
- ATA(0)
SLOTMARKER(n)?2 —>
Slot-MARKER READY-DECLARED
P Mute
) 1(0)o(TEST_COMMAND1(1)) BN
ISO(/:ICI)En?n:::;KS 4 READY-DECLARED
Mute
(_
S(DESELECT) BN
DESELEQT READY-DECLARED
P Mute
REQB(16) © —
REQB 4 READY-REQUESTED
« Mute
WUPB(16) © —
WUPB } READY-REQUESTED
RN Mute
HLTB HLTB(~PUPI) -
READY-DECLARED
(Unmatched PUPI) ¢ Mute
ATTRIB ATTRIB(0, 0+~RUPI) -
READY-DECLARED
(Unmatched PUPI) «— Mute
REQB REQB(1,nAFI) -
IDLE ¢
(Unmatched|AFI) ¢ Mute
WUPB WUPB(1,nAFI) —
IDLE ¢
(Unmatched|AFI) ¢ Mute
@ n shall run throGgh all values 2 <n < 16.

b If the PICC does not support the REQB/WUPB with N > 1 (see ISO/IEC 14443-3:—, 7.6.1) the test need not be applied.
€ Nevertheless, there is statistically a probability of 1/16 so that the PICC answers ATQB and goes to READY-DECLARED state.

Send ATTRIB command and verify that there is no response before checking the IDLE state.

G.4.44.3 Testreport

Fill the appropriate row in Table G.62 according to Table G.44.
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Table G.44 — Result criteria for Scenario G.25: Behavior of the PICC Type B in the READY-DECLARED

indicated in t

he procedure

sub-state
Explanation Test result
Only when the PICC responded as|PASS

Any other case

FAIL

G.4.4.5 Scenario G.26: Behavior of the PICC Type B in the HALT state

G.4.4{51 Scope

This test is to determine the behavior of the PICC Type B in the HALT state according te, ISO/IEC 14443-3:—,

7.4.8.

G.4.4/5.2 Procedure

Perfo

a)
b)
c)

d)

Rut the PICC into HALT state.

Gheck if the PICC is in the state TTS.

'm the following steps for every row of Table G.45:

Check if the PICC response is as indicated in the PICC column.

Table G.45 — Transitions from HALT state

Herform the state transition by sending the command as indi¢ated in the PICC-test-apparatus column.

Iransition PICC-test-apparatus PICC TTS
REQB(1) ,
REQB HALT
«— Mute
WUPB(1) —
WUPB READY{DECLARED
« ATQB
WUPB ('05 00 08' ~CRC_B) SN
HALT
(lwrong CRC) PR Mute
HLTB N
HLTB HALT
«— Mute
ATTRIB(0,0) E—
ATTRIB HALT
«— Mute
SLOTMARKER(n)?@ —
Slot-MARKER HALT
P Mute
ISO/IEC 14443-4 1(0)o(TEST_COMMAND1(1)) _
d HALT
comman Mute
S(DESELECT) N
DESELECT HALT
P Mute
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Transition PICC-test-apparatus PICC TTS
WUPB WUPB(1,nAFI) SN
IDLE
(Unmatched AFI) ¢ Mute
REQB REQB(1,nAFI) N
HALT
(Unmatched AFI) ¢ Mute
HLTB HLTB(~PUPI) -
HALT
(Unmatched PUPI) ¢ Mute
ATTRI ATTRIB(Q, O ~PUP|
HALT
(Unmatched PUPI) ¢ Mute
WUPB(16) © —
WUPB § READY-REQUESTED
P Mute
@ n shall run through all values 2 < n < 16.
b |fthe PICC|does not support the REQB/WUPB with N > 1 (see ISO/IEC 14443-3:—, 7.6.1) the test-need not be applied.
C  Nevertheleps, there is statistically a probability of 1/16 so that the PICC answers ATQB and goes_jo READY-DECLARED state.

G.4.45.3 Testreport

Fill the appropriate row in Table G.62 according to Table G.46.

Table G|46 — Result criteria for Scenario G.26: Behavior of the PICC Type B in the HALT stat

W

Explanation Test result

Only when the PICC responded (cas|PASS
indicated in the procedure

Any other case FAIL

G.4.4.6 Scenario G.27: Behavior.of the PICC Type B in the PROTOCOL state

G.4.4.6.1 Scope

This test is|to determine the behavior of the PICC Type B in the PROTOCOL state according to
ISO/IEC 14443-4:2008-"This test shall ensure that the activated PICC does not respond to any initialization
command.

G.4.4.6.2 rocedure

Perform the following steps for every row of Table G.47:

a) Putthe PICC into PROTOCOL state.

b) Perform the state transition by sending the command as indicated in the PICC-test-apparatus column.
c) Check if the PICC response is as indicated in the PICC column.

d) Check if the PICC is in the state TTS.
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Table G.47 — Transitions from PROTOCOL state

Transition PICC-test-apparatus PICC FDT TTS
REQB(1) —
REQB PROTOCOL
¢ Mute
WUPB(1) —
WUPB PROTOCOL
« Mute
('05 00 00' ~CRC_B) BN
REQB PROTOCOL
(wrong CRC) Mute
('05 00 08' ~CRC_B) BN
wuPB PROTOCOL
(Wwrong CRC) Mute
HLTB BN
HLTB PROTOCOL
- Mute
ATTRIB(0,0) BN
ATTRIB PROTOCOL
- Mute
SLOTMARKER(n)2 —
Slot-MARKER PROTOCOL
PR Mute
ISO/IEC 14443-4 1(0)o(TEST_COMMAND1(1)) ROTOCOL
command - 1(0)o(TEST_RESPONSE1(1)) <FWT
S(DESELECT) _ ¢
DESELECT HALT
\ S S(DESELECT)
WUPB WUPB(1,nAFI) SN
PROTOCOL
(Unmatched AFI) - Mute
REQB REQB(1,nAFI) —
PROTOCOL
(Unmatched AFI) - Mute
HLTB HLTB(~PUPI) —
PROTOCOL
(Unmatched PUPI) «— Mute
ATTRIB ATTRIB(0, 0, ~PUPI) —
PROTOCOL
(Unmatched PURLY «— Mute
a r} shallriithrough all values 2 < n < 16.

G.4.4.6.3 Testreport

Fill the appropriate row in Table G.62 according to Table G.48.

Table G.48 — Result criteria for Scenario G.27: Behavior of the PICC Type B in the PROTOCOL state

Explanation Test result

Only when the PICC responded as|PASS
indicated in the procedure

Any other case FAIL
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G.4.5 Scen

G.4.51

ario G.28: Handling of Type B anticollision

Scope

The purpose of this test is to determine the handling of a PICC Type B anticollision according to
ISO/IEC 14443-3:—, 7.4.1.

The core of this test is the procedure AnticollisionB(N, outparam chi2) which is defined in the pseudo code
below. The procedure performs 256 REQB(N) commands and following Slot-MARKER commands and counts
how many times each of the N slots has been selected by the PICC. The procedure also checks if the PICC
has mapped each REQB(N) request to exactly one slot. If this is not the case the test returns FAIL.

Since Type §
verification. A
correctly. Thi
Instead, the

B anticollision is based on random selection of the slots, statistical methods shall be. us
s it is the nature of all statistical tests, this test can fail even in the case the PICC be
5 failure is called a “Type | error” in statistical terms. This error cannot be completely av
robability of its occurrence can be controlled by the so called “significance value™«. This

ed for
haves
bided.
eans,

the smaller o, the less probable the “Type | error’. However, this does not mean that ong ‘should selec} o as
small as posgible. This is because the smaller o is, the more probable is that the test passes a bad PIC[ (i.e.
a PICC that doesn’t select the slots with the right probability). In statistical terms this.is called a “Type Il grror”.
The PICC shall additionally select each of the N slots with equal probability (i.e.\1/N). In order to verify this, the
statistical xz-test on all slots shall be performed. The result of this test.is_the value chi2 which shpll be
compared agpinst the xza,N_1 quintile.
G.4.5.2 Prqcedure
If one of the gtatistical tests fails in step e) the test lab may rerun the test for this parameter N.
Perform the fpllowing steps for each value N = 2, 4, 8, 16.
a) Set the gignificance level a to 0,005 and lookupifrom Table G.49 the corresponding qu’m quintile. |Other
choices ¢f o according to Table G.49 are optional for the test applicants.
b) Resetth¢ PICC.
c) Execute AnticollisionB(N, chi2).
d) If AnticollisionB returns FAIL,fail the test.
e) Ifchi2 < (za,m then pass the test else fail the test.
Table G.49 — a quintile values
Xza,N—1
o
X ot X a3 X a7 X 15

0,1 (optional) 2,706 6,251 12,017 22,307

0,05 (optional) 3,841 7,815 14,067 24,996

0,01 (optional) 6,635 11,345 18,475 30,578

0,005 7,879 12,838 20,278 32,801
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Procedure AnticollisionB(N, chi2)

// TPDUSend and TPDURecv are PCD specific functions
// to send and receive TPDU frames

// probability for selecting slot
p=1/N

J// clear slot counters

for i from 1 to N do
Slots[i] = 0

Endfor

C = -~ e )

// collect data
for i from 1 to 256 do
Reset the PICC
TPDUSend (REQB(N))
if TPDURecv() = ATQB then
Slots[1] = Slots[1]+1
endif
for j from 2 to N do
TPDUSend (SLOTMARKER(3))
if TPDURecv () = ATQB then
Slots[j] = Slots[j]+1
endif
endfor
endfor

= AT~ B b~ L e A cw Al v © A 2 A

// check that exactly
// one slot has been selected at each run
cnt =0
for i from 1 to N do
cnt = cAt+ Slots[i]
endfor
if cAt—= 256 then
return FAIL
endif
chi2 = 0

[~ AR b~ o e N © v e S B o b B4

1
2
3
4
5
6
7
8
9
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3

T Ot

39 for i from 1 to N do

40 chi2 = chi2 + Sslots[i]*Slots[i]
41 endfor

42 chi2 = chi2*N/256 - 256

43 return PASS

NOTE Continue with step e) only if PASS is returned in line 43.
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G.4.5.3 Test report

Fill the appropriate row in Table G.62 according to Table G.50.

Table G.50 — Result criteria for Scenario G.28: Handling of Type B anticollision

Explanation Test result

Only when every Anticollision Test PASS
procedure has returned PASS

When any Anticollision Test procedure FAIL

lo 4 ol bl ! AL
Ndo TCWITICU UiIc vaiuc 1 ATk

G.4.6 Handling of ATTRIB

G.4.6.1 Scope

This test is td determine the behavior of the PICC Type B on ATTRIB command agcording to ISO/IEC 14443-
3:—, 7.10.

G.4.6.2 Prqcedure

Perform the fpllowing steps for each of Scenario G.29 through G.30 listéd in this subclause:
a) Putthe RICC into READY-DECLARED sub-state.

b) Send thg command sequence as described in the PICC<test-apparatus column.

c) Check that the response of the PICC conforms withi\the one given in the PICC column.

d) Checkifthe PICC is in PROTOCOL state.

Scenario G.29: ATTRIB with wrong PUPI

PICC-test-apparatus PICC
("1D' ~PUPI '00 00.01-00' CRC_B) N
«— Mute
ATTRIB(0,0) N
- ATA(0)
Scenario G.30: ATTRIB after wrong ATTRIB
PICC-test-apparatus PICC
("1D' PUPI '00 00 01 00' ~CRC_B) N
«— Mute
ATTRIB(0,0) N
- ATA(0)
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G.4.6.3 Test report

Fill the appropriate row in Table G.62 according to Table G.51.

Table G.51 — Result criteria for handling of ATTRIB

Explanation Test result

Only when the PICC responded as|PASS
indicated in the procedure

Any other case FAIL

G.4.71 Scenario G.31: Handling of Maximum Frame Size
G.4.711 Scope
This test is to determine if the PICC Type B respects the FSD size according to:lSO/IEC 14443-3—, 7.10.4.

G.4.712 Procedure
Perfofm the following steps for each FSDI = 0 to 8:

a) Hut the PICC into READY-DECLARED sub-state as described in G.4.4.1.1.

O
~
[d)s)

end the ATTRIB(0, fsdi) command with parameter tsdi as in the particular test.
c) Check if the PICC answer is ATA(O).
NOTE The PICC may require additional sequences to be ready to accept TEST_COMMAND2(2).

d) dend the I-block 1(0)(TEST_COMMAND2(2)).

e) (heck if the size of the I-block-+esponse of the PICC response is < FSD.

G.4.713 Test report

Fill the appropriate rowinTable G.62 according to Table G.52.

Table’G.52 — Result criteria for Scenario G.31: Handling of Maximum Frame Size

Explanation Test result
Only when the PICC responded as|PASS
;Ild;batcd ;II thU pluucdwc

Any other case FAIL

G.5 Test methods for logical operation of the PICC Type A or Type B

G.5.1 Introduction

This chapter contains tests verifying that the activated PICC conforms to the ISO/IEC 14443-4:2008. This
chapter applies to PICC Type A and Type B.
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G.5.1.1 PICC activation process

PICC activation is the process of putting the PICC in the state where protocol blocks defined in
ISO/IEC 14443-4:2008 may be exchanged. This process is dependent on the PICC type.

NOTE The PICC may require additional sequences to be ready to accept step 1 of the Scenario.
G.5.1.1.1 Activation of the PICC Type A

a) Putthe PICC into ACTIVE state as described in G.3.3.2.1.

b) Send RATStcid;fsdi):

c) Check thiat the PICC response is a valid ATS.

G.5.1.1.2 Activation of the PICC Type B

a) Putthe RICC into READY-DECLARED sub-state as described in G.4.4.1.1.
b) Send AT|[TRIB(cid, fsdi).

c) Check that the PICC response is a valid ATA.

G.5.2 PICC|reaction to ISO/IEC 14443-4 Scenarios

G.5.2.1 Scope

This test is tp determine the behavior of the PICC accofding to ISO/IEC 14443-4:2008, Clause 7. This test
uses implemeéntations of the protocol Scenarios of ISO/EC 14443-4:2008, Annex B.

G.5.2.2 Prgcedure
Perform the fpllowing steps for each of Scenario G.32 through G.54 listed in this subclause:
a) Activate fhe PICC as described in'G!5.1.1, use CID = 0 and FSDI = 0.
b) For each step in the Scenaria do:
1) Senfl the command.as described in the PICC-test-apparatus column.
2) Chefk that the PICC response matches the one of the PICC column.

c) Endfor.

Scenario G.32: Exchange of I-blocks

Step PICC-test-apparatus PICC
1 1(0)o(TEST_COMMAND1(1))

I(0)o(TEST_RESPONSE1(1))

2 1(0)/(TEST_COMMAND1(1))

1(0)(TEST_RESPONSE1(1))
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Scenario G.33: Request for waiting time extension

Step PICC-test-apparatus PICC
1 1(0)o(TEST_COMMAND3) —
— S(WTX) (WTXM)
2 SWT) WTXM) —
— 1(0)o(TEST_RESPONSES3)
N 3 1(0)4(TEST_COMMAND1(1)) — 1
— 1(0){(TEST_RESPONSE1[1))

Scenario G.34: DESELECT

Step PICC-test-apparatus PICC
1 1(0)o(TEST_COMMAND1(1)) —
«— 1(0)(TEST_RESPONSE1[1))
> | S(DESELECT) . -
— S(DESELECT)
s | REQAOrREQB(N®  wC° —
— Mute
| WuPAOrWUPBFNE —
— ATQA or ATQB?

For the PICC Type A, the.eft option shall be used. For the PICC Type B, the right option shall be used.

Scenario G.35: PCD'uses chaining

Step PICC-test-apparatus PICC
1 I(1)o (TEST_COMMAND1(2)1) —
— R(ACK)o
2 | |0)(TEST_COMMAND1(2)) —
-

3 10)o(TEST_COMMAND1(1))

I(0)o(TEST_RESPONSE1(1))
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Scenario G.36: PICC uses chaining

Step PICC-test-apparatus PICC

1 1(0)o(TEST_COMMAND2(2))

I

I

I(1)o (TEST_RESPONSE2(2)1)

2 R(ACK) —>
P A— !/O\ T ITEQT PEOP/\,’\IQE’)(E\ \

3 1(0)o(TEST_COMMAND1(1)) —

(_

I(0)o(TEST_RESPONSE#{1))

Scenario G.3f: Start of protocol

Step PICC-test-apparatus PICC
1 1(0)o(TEST_COMMAND1(1), ~CRC) —
— Mute
2 | RNAy =Y
— R(ACK);
EET OK(TEST_COMMAND1(1) &% —>
— 1(0)o(TEST_RESPONSE1(1))
VN (OH(TEST_COMMANDLL) ~ —>
— 1(0)/(TEST_RESPONSE1(1))
Scenario G.3B: Exchange of I-blocks
Step PICC-test-apparatus PICC
1 1(0)o(TEST_COMMAND1(1)) —
«— 1(0)o (TEST_RESPONSE1(1))
"2 | 10) (TEST_COMMANDi(1),~CRC) ~ —>
— Mute
T | RNAKY
— R(ACK)o
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Step PICC-test-apparatus PICC
4 1(0); (TEST_COMMAND1(1)) —
— 1(0){(TEST_RESPONSE1(1))
s | 0)(TEST_COMMAND1(1)) —
— 1(0)o(TEST_RESPONSE1(1))
Scenario G.39: Exchange of I-blocks 1
Step PICC-test-apparatus PICC
1 1(0)o(TEST_COMMAND1(1)) —
— I(0)s (TEST_RESPONSE(I (1))
e RNAKY — O
«— 1(0)o (TEST_RESPONSEY1 (1))
B | 10 (TEST_comMmanDi(l) —
5 1(0){(TEST_RESPONSE( (1))
Scenario G.40: Exchange of I-blocks 2
Step PICC-test-apparatus PICC
1 1(0)o(TEST_COMMAND1(1)) —
— 1(0)o (TEST_RESPONSE1|(1))
|’ RNAK ~CRC)y —
— Mute
B o RNAKY, —
— 1(0)o (TEST_RESPONSE1|(1))
WY o) (TEST commanpialy e S
— 1(0)/(TEST_RESPONSE1(1))
Scenario G.41: Request for waiting time extension
Step PICC-test-apparatus PICC
1 1(0)o(TEST_COMMAND3) —
«— S(WTX)(WTXM)
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Step PICC-test-apparatus PICC
2 R(NAK), —
«— S(WTX)(WTXM)
T SWDOWTXM)  —
«— I(0), (TEST_RESPONSE3)
B (0) (TEST_COMMANDA(1))  —>
«— 1(0);(TEST_RESPONSE1(1))
Scenario G.4R: Request for waiting time extension
Step PICC-test-apparatus PICC
1 1(0)o (TEST_COMMAND3) —
«— S(WTX)(WTXM)
e RNAK,~CRCl  — S
— Mute
s || RNAKY,
— S(WTX)(WTXM)
BV N SWTX)WTXM) O —
«— 1(0), (TEST_RESPONSE3)
s | (O) (TEST_COMMANDT(1)  —>
«— 1(0):(TEST_RESPONSE1(1))
Scenario G.4B: Request for waiting time extension
Step PICC-test-apparatus PICC
1 [(0)(TEST_COMMAND3) —>
«— S(WTX)(WTXM)
2 SWTX)WTXM,~CRC)  —>
— Mute
s | RNAK
«— S(WTX)(WTXM)
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Step PICC-test-apparatus PICC
4 S(WTX)(WTXM) —
— 1(0)(TEST_RESPONSES3)
5 | |0 (TEST.COMMAND(1)) —
— 1(0)/(TEST_RESPONSE1(1))
Scenario G.44: Request for waiting time extension
Step PICC-test-apparatus PICC
1 I(0)o(TEST_COMMAND3) —
— SOWTX)(WTXM)
e swmowny — O
«— I(0)(TEST_RESPONSER)
s RNAKY — S
5 I(0)(TEST_RESPONSER)
bl 10y (TEST_COMMANDI(1) —
— 1(0)«(TEST_RESPONSE1[1))
Scenario G.45: Request for waiting time’ extension
Step PICC-test-apparatus PICC
1 I(0)o(TEST_COMMAND3) —
— S(WTX)(WTXM)
b o swmowny —
— 1(0)o (TEST_RESPONSH3)
N RNAK.~CRCly e S
— Mute
BV RNAKY —
— I(0)o (TEST_RESPONSE3)
5 | I0)(TEST.COMMAND1(1) —
— 1(0)/(TEST_RESPONSE1(1))
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Scenario G.46: DESELECT

Step PICC-test-apparatus PICC
1 1(0)o(TEST_COMMAND1(1)) —>
— 1(0)o(TEST_RESPONSE1(1))
2 S(DESELECT,~CRC)  —>
— Mute
3 S(DESELECT) —
«— S(DESELECT)
e REQAorREQGB(MN)®  — 5|
— Mute
s | | woemowuesea 0 — |
A ATQA or ATQB?
@  Forthe PICC Type A, the left option shall be used. For the PICC Type B, the right-option shall be used.

Scenario G.4f: PCD uses chaining

Step PICC-test-apparatus PICC
1 I(1)o(TEST_COMMAND1(3)1) —

«— R(ACK),

2 L Ry O —
«— R(ACK),

R I(IOW(TEST_GOMMAND1(3))  —>
«— R(ACK),

BV I 00(TEST_COMMAND(3)))  —>
R — 1(0), (TEST_RESPONSE1(3))

s | IOW(TEST_COMMAND1(1))  —>
— 1(0), (TEST_RESPONSE1(1))
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Scenario G.48: PCD uses chaining
Step PICC-test-apparatus PICC
1 I(1)o (TEST_COMMAND1(3),) —
— R(ACK)o
2 I(1)(TEST_COMMAND1(3),, <CRC) —
— Mute
_ 3 R(NAK), — 1
— R(ACK)o
k| () (TEST_commaNDi@r) — Ly
— R(ACK);
b | I0(TEST_COMMAND1@3)) —
«— 1(0)o (TEST_RESPONSE|(3))
k! I(0),(TEST_COMMAND1(1)) — o
S 1(0); (TEST_RESPONSE1|(1))
Scenario G.49: PCD uses chaining
Step PICC-test-apparatus PICC
1 I(1)o (TEST_COMMAND1(3)1) —
— R(ACK) o
'S RINAK, ~CRC)s —
— Mute
b S RNAKY, —
— R(ACK) o
—T—————ThTESTCoMMAND T —
— R(ACK) 1
5 | I(0)(TEST_COMMAND1@3)) —
— 1(0) (TEST_RESPONSE1(3))
e | I0),(TEST_COMMAND1(1)) —
— 1(0); (TEST_RESPONSE1(1))
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Scenario G.50: PICC uses chaining

Step PICC-test-apparatus PICC
1 1(0)o(TEST_COMMAND2(3)) —

— I(1)o(TEST_RESPONSE2(3);)

2 RACK ~CRC)  —
— Mute

s | RAk,  —
— I(1)«(TEST_RESPONSE2(3)))

4 rRAKY = AT
— 1(0) o(TEST_RESPONSE2(3)s)

s | 0),(TEST_COMMAND1(1)  —> =&
— 10), (TEST_RESPONSE1(1))

Scenario G.5[1: PICC uses chaining
Step PICC-test-apparatus PICC
1 1(0)o(TEST_COMMAND2(3)) —

«— I(1)o(TEST_RESPONSE2(3)1)

2 || RAcky T —
«— I(1)/(TEST_RESPONSE2(3),)

s | RAok, -
— I(1)«(TEST_RESPONSE2(3),)

O RACK), =
— 1(0) o(TEST_RESPONSE2(3)3)

s | I(0): (TEST_COMMAND1(1))  —>
— 1(0); (TEST_RESPONSE1(1))
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Scenario G.52: PICC uses chaining

Step PICC-test-apparatus PICC
1 1(0)o(TEST_COMMAND2(2)) —
— I(1)o(TEST_RESPONSE2(2);)
N RNAKY —
— I(1)o(TEST_RESPONSE2(2)1)
N 3 R(ACK), — 1
— 1(0)«(TEST_RESPONSE2(2),)
' I(0) (TEST_COMMAND1(1)) — Ly
— 1(0)o (TEST_RESPONSE1(1))
Scenario G.53: PICC Presence Check Method 1
NOTE| This Scenario replaces an old Scenario that was removed.
Step PICC-test-apparatus PICC

1 Iempty)o

[

[

Scenario G.54: PIEC Presence Check Method 2

NOTE| This Scenario replaces an old Scenario that was removed.
Step Pt€C-test-apparatus PiCC—
] R(NAK), —

«— R(ACK),

L RNAK, —
«— R(ACK),

L 0)o(TEST_COMMAND1(1)) —
— 1(0) (TEST_RESPONSE1(1))
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Step PICC-test-apparatus PICC
4 R(NAK), —
— R(ACK)o
I 0)(TEST_COMMAND1(1)) —
— 1(0); (TEST_RESPONSE1(1))

G.5.2.3 Testreport

Fill the appro

briate rows in Table G.63 according to Table G.53.

Table G.53 — Result criteria for PICC reaction to ISO/IEC 14443-4 Scenarios

Explanation Test result

Only when the PICC responded as|PASS
indicated in the procedure

Any other case FAIL

G.5.3 Handling of PICC error detection

G.5.3.1 Scope

This test is t¢ determine the error detection mechanism-of the PICC as described in ISO/IEC 14443-4

7.5.6.

G.5.3.2 Prqgcedure

Perform the fpllowing steps for each of.Seenario G.55 through G.57 listed in this subclause:

a) Place thg¢ Reference PICC intoithe field.

b) Activate

he PICC as described in G.5.1.1, use CID = 0 and FSDI = 0.

c) Foreachstep in Scenario do:

1) Sen

2) Che

 the'command as described in the PICC-test-apparatus column.

blif tho DICC recenonse-ic as deceribed-intha PICC column
ctcH e o e SPoRSEe15aSae S6HP e aHthHe- o oGOt -

d) End for.

2008,

NOTE The comment column of the following Scenarios refers to the rules of ISO/IEC 14443-4:2008, 7.5.3 - 7.5.6.

Scenario G.5

5: Wrong CRC on I-block

Step PICC-test-apparatus PICC Comment
1 I(0)o(TEST_COMMAND1(1), ~CRC) —>
7.5.6.1a)
— Mute
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Step PICC-test-apparatus PICC Comment
2 1(0)o(TEST_COMMAND1(1))

!

I

1(0)o (TEST_RESPONSE1(1))

Scenario G.56: Wrong CRC on chained I-block

Step PICC-test-apparatus PICC Comment
f T TJo( T ES T_COMIVIANDT(2)7) —
— R(ACK)o
b | I0)(TEST_COMMAND1(2),, ~CRC) —> 90 |
76.6.12a)
—— Mute
B (0):(TEST_COMMAND1(2)y) — O
— 1(0); (TEST_RESPONSE1(2))
Scenario G.57: Wrong CRC on S(WTX)-block
Step PICC-test-apparatus PICC Camment
. 1(0)o(TEST_COMMAND3) —
«— S(WTX) (WTXM)
L S(WTX)WTXM, ~CRC)(y - —
75.6.14a)
— Mute
L swmwn —
— I(0)(TEST_RESPONSES3)
G.5.3|3 Testreport
Fill the_appropriate rows in Table G 63 accarding to Table G 54

Table G.54 — Result criteria for handling of PICC error detection

Explanation Test result

Only when the PICC responded as|PASS
indicated in the procedure

Any other case FAIL
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G.5.4 PICC reaction on CID

G.5.4.1 Scope

This test is to determine the reaction of the PICC to CID coding according to ISO/IEC 14443-4:2008, 7.1.1.2.

G.5.4.2 Procedure

Perform the following steps for each of Scenario G.58 through G.62 listed in this subclause. Use the proper
CID test case table depending upon whether the PICC supports CID or not.

For each rowl|in the CID test case tables in Table G.55 or Table G.56 do:
a) Activate the PICC with cid,ss as indicated in the column Assigned CID.

b) Perform p block exchange as described in the corresponding Scenario. Use the cid.yq.a8described|in the
Commarld CID column in the CID test case table.

c) Check if|the PICC response matches with the response as in the PICC column in the Scenario. |If two

responseg options are indicated for the PICC, then the unique expected response will be determined from
the experted PICC response column in the CID Test case table.

Table G.55 — CID test case table (for PICCs which support CID)

Test No.2 | | Assigned CID (cidass) | Command CID (cidcma) Expected PICC response
1 1 1 Response 1 of the Scenario
2 0 0 Response 1 of the Scenario
3 0 NO CID Response 1 of the Scenario
4 1 NO CIP Response 2 of the Scenario (Mute)
5 0 1 Response 2 of the Scenario (Mute)
6 1 0 Response 2 of the Scenario (Mute)
7 2 1 Response 2 of the Scenario (Mute)

@  Each tes{ number in the table shall.be tested with each of the Scenarios described.

Table G:56 — CID test case table (for PICCs which do not support CID)

Test No.2 | | Assighed CID (cidass) | Command CID (cidcma) Expected PICC response
1 0 0 Response 2 of the Scenario (Mute)
2 8 NO-GIB Respoense-4-of-the-Seenario
3 0 1 Response 2 of the Scenario (Mute)
4b 1 NO CID Response 1 of the Scenario
@  Each test number in the table shall be tested with each of the Scenarios described.
b Applies to Type A PICC only
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Scenario G.58: CID on I-block

Step PICC-test-apparatus PICC
1 1(0)o(TEST_COMMAND1(1), CID = Cidemg) —
— Response 1: [(0)o(TEST_RESPONSE1(1), CID = Cidgma)
Response 2: Mute @

@  Response 1 or response 2 according to Table G.55 or Table G.56.

Scendrio G.59: CID on I-block with chaining

Step PICC-test-apparatus PICC
1 I(1)o (TEST_COMMAND1(2):,CID = Cidema) —>
— Response 1: R(ACK, CID = cidema)
Response 2: Mute @

@ | Response 1 or response 2 according to Table G.55 or Table G.56.

Scenario G.60: CID on R-block

Step PICC-test-apparatus PICC
1 I(0)o(TEST_COMMAND2(3), CID @ = Cidass) — *
£—— I(1)o (TEST_RESPONSE2(3)4, CID = ¢|dass)
2 R(ACK, CID @ = Cidgmg) 1 —
«— Response 1: (1), (TEST_RESPONSE2(3),, dID = cidcma)
Response 2: Mute P
@ | For PICC not supporting CID, use.no CID.
b Response 1 or response 2 according to Table G.55 or Table G.56.

Scenagrio G.61: CID‘on S(WTX)-block

Step PICC-test-apparatus PICC
1 1(0)o(TEST_COMMAND3, CID 2 = Cidass) —
— S(WTX)WTXM, CID = cida,ss)
2 S(WTX)(WTXM, CID 2 = cidgma) —
— Response 1: 1(0)o(TEST_RESPONSE3, CID? = cidcma )
Response 2: Mute P
@  For PICC not supporting CID, use no CID.
b Response 1 or response 2 according to Table G.55 or Table G.56.
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Scenario G.62: CID on S(DESELECT)-block

Step

PICC-test-apparatus

PICC

1

!

S(DESELECT, CID = cidcma)

I

Response 1: S(DESELECT, CID = cid¢mg)

Response 2: Mute @

@  Response 1 or response 2 according to Table G.55 or Table G.56.

G.5.43 Teg

t report

Fill the appropriate row in Table G.63 according to Table G.57.

G.5.5 PICC

Table G.57 — Result criteria for PICC reaction on CID

Explanation Test result

Only when the PICC responded as PASS
indicated in the procedure

Any other case FAIL

reaction on NAD

G.5.5.1 Scope

This test is to|

G.5.5.2 Prd

Perform the fpllowing steps for each of Scenario G.63 through G.65 listed in this subclause.

Activate the H
For each stej
a) Send thg
b) Check th

Letnbe ana

determine the reaction of the PICC to NAB coding according to ISO/IEC 14443-4:2008, 7.1.1.3.

cedure

ICC as described in clause' PICC activation process G.5.1.1, use CID = 0 and FSDI =0,

in Scenario do:
command as'described in the PICC-test-apparatus column.
at the PICC response matches the one of the PICC column.

rbitrary value of a valid NAD with b4 and b8 set to (0)b.

Scenario G.63: NAD on I-block (for PICCs supporting NAD)

Step PICC-test-apparatus PICC
1 1(0)o (TEST_COMMAND1(1), NAD = n) —
— 1(0) (TEST_RESPONSE1(1), containing NAD)
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Scenario G.64: NAD on chained I-block (for PICCs supporting NAD)

Step PICC-test-apparatus PICC
1 1(0)o(TEST_COMMAND2(3), NAD = n) —
— I(1)o (TEST_RESPONSE2(3);, containing NAD)
2 | Rack, —
«— 1(1)1 (TEST_RESPONSEZ2(3),, not containing NAD)

Scenario G.65: NAD on I-block (for PICCs not supporting NAD)

Step

PICC-test-apparatus

PICC

1(0)o (TEST_COMMAND1(1), NAD = n)

l

Mute

G.5.5|3 Test report

Fill the appropriate rows in Table G.63 according to Table/G’58.

Table G.58 — Result criteria for PICC reaction on NAD

Explanation

Test result

If the Scenario is not applicable for the
PICC

Not applicable (N/A)

G.6

When the Scenario is\applicable for the PASS
PICC and only when-the PICC’s response

is as indicated in.the procedure

Any other€ase FAIL

Reported results

Table G.59 — Type A specific timing table

No |Parameter ISO Reference Minimum value Maximum value Measured
value(s)
1 Frame delay time ISO/IEC 14443-3:—, Last bit (1)b -> 1236/fc |Last bit (1)b ->
PCD to PICC 6.2.1.1 1236/fc + 0,4 us
(for REQA,WUPA, Last bit (0)b -> 1172/fc |Last bit (0)b ->
ANTICOLLISION, 1172/fc + 0,4 ps
SELECT commands)
2 RATS and Deactivation [ISO/IEC 14443-4:2008, Last bit (1)b -> 1236/fc | 65536/fc (~4,8 ms)
frame waiting time 8.1 Last bit ()b -> 1172/fc
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No |Parameter ISO Reference Minimum value Maximum value Measured
value(s)
3 |Frame delay time ISO/IEC 14443-3:—, Last bit (1)b -> 1236/fc | (256/fs) x 27" FWI =
PCD to PICC 6.2.1.1 and (~302,06 ps x 27
ISO/IEC 14443-4:2008, || ast bit (0)b -> 1172/fc Max FDT =
(for frames other than 8.1
previous rows)
NOTE All timing values are calculated for carrier frequency fc = 13,56 MHz and bit rate = fc/128 (~106 kbit/s).
Table G.60 — Type B specific timing table
No |Parameter ISO Reference Minimum value Maximum value Measurefl
value(s)
1 SOF loy ISO/IEC 14443-3:—, 10 etu 11 etu
7.1.4 (~94,40 ps) (~103,83 ps)
2 SOF high ISO/IEC 14443-3:—, 2 etu 3 etu
71.4 (~18,88 ps) (~28,32 ps)
3 EOF low ISO/IEC 14443-3:—, 10 etu 1+ etu
7.1.5 (~94,40 ps) (~103,83 ps)
4 Bit boundaries ISO/IEC 14443-3:—, (n—1/8) etu (n+1/8) etu
711
5 EGT PICC to PCD ISO/IEC 14443-3:—, O us 19 us
7.1.2
6 TRO fol ATQB ISO/IEC 14443-3:—, 64/f§ 256/fs
7.1.6 (%75,52 ps) (~302,06 ps)
7 TR1 fol ATQB ISO/IEC 14443-3:—, 80/fs 200/fs
7.1.6 (~94,40 ps) (~235,99 ps)
8 |TRONdtATQB ISO/IEC 14443*3:=—,  |Value as defined in (256/fs) x 27! FWI =
7.1.6 ISO/IEC 14443-3:—, | (~302,06 s x 27"
Table 30 Max TRO|=
ISO/IEC 14443-3:—,
7.10.3
9 TR1 Nqt ATQB ISO/IEC 14443-3:—, Value as defined in 200/fs
71.6 ISO/IEC 14443-3:—, (~235,99 ps)
ISO/IEC 14443-3—, | 12p1e 31
7.10.3
10 |TR2 ISO/IEC 14443-3:—, Value as defined in No maximum
7.9.44 ISO/IEC 14443-3:—,
Table 27
1 Delay from the end of ISO/IEC 14443-3:—, 0 2 etu
EOF and Subcarrier off 71.7
12 | Deactivation frame ISO/IEC 14443-4:2008, | 64/fs + 80/fs 65536/fc
waiting time 8.1 (~169,92 ps) (~4,8 ms)
NOTE All timing values are calculated for carrier frequency fc = 13,56 MHz and bit rate = fc/128 (~106 kbit/s).
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Table G.61 — Reported results for Type A specific test methods

Test method from ISO/IEC 10373-6

Scenario numbers

Test result

Clause

Parameter

ISO/IEC 10373-6

PASS or FAIL or N/A

G.3.2

Polling

Scenario G.1

G.3.3

Testing of the PICC Type A state transitions

Scenario G.2

Scenario G.3

Scenario G.4

Scenario G5

Scenario G.6

Scenario G.7

Scenario G.8

Scenario G.9

Scenario G.10

Scenario’G.11

Scenario G.12

G.34

Handling of Type A anticollision

Scenario G.13

G.3.6

Handling of PPS request

Scenario G.17

Scenario G.18

Scenario G.19

Handling of FSD

Scenario G.20

Table G.62 — Reported results for Type B specific test methods

Test method fromISO/IEC 10373-6

Scenario numbers

Test

bsult

Cljuse

Parameter

ISO/IEC 10373-6

PASS or F4

ML or N/A

G4.2

Polling

Scenario G.21

G4.3

PICE Retception

Scenario G.22

G4.4

Testing of the PICC Type B state transitions

Scenario G.23

Scenario G.24

Scenario G.25

Scenario G.26

Scenario G.27

G4.5

Handling of Type B anticollision

Scenario G.28

G4.6

Handling of ATTRIB

Scenario G.29

Scenario G.30

G4.7

Handling of Maximum Frame Size

Scenario G.31
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Table G.63 — Reported results for test methods for logical operation of the PICC Type A or Type B

Test method from ISO/IEC 10373-6

Scenario numbers Test result

Clause

Parameter

ISO/IEC 10373-6

PASS or FAIL or N/A

G52

PICC reaction to ISO/IEC 14443-4 Scenarios

Scenario G.32

Scenario G.33

Scenario G.34

Scenario G.35

Scenario G.36

Scenario G.37

Scenario G.38

Scenario G.39

Scenario G.40

Scenario G.41

Scenario G.42

Scenario G.43

Scenario G.44

Scenario G45

Scenario G.46

Scenario G.47

Seenario G.48

Scenario G.49

Scenario G.50

Scenario G.51

Scenario G.52

Scenario G.53

Scenario G.54

G.53

Handling of PICC error detection

Scenario G.55

Scenario G.56

Scenario G.57

G54

RICC reaction on CID

Scenario G.58

Scenario G.59

Scenario G.60

Scenario G.61

Scenario G.62

G.5.5

PICC reaction on NAD

Scenario G.63

Scenario G.64

Scenario G.65

G.1.5.1

RFU values
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Annex H
(normative)

Additional PCD test methods

H.1 PCD-test-apparatus and accessories

This ¢lause defines the PCD-test-apparatus and test circuits for verifying the operation of thePCD according
to ISQ/IEC 14443-3:— and ISO/IEC 14443-4:2008.

H.1.1 Test method

The |SO/IEC 9646 abstract model is chosen and the local test method is~used for the testing of the
ISO/IEC 14443 protocol between the tested PCD and the LT.

H.1.2 PCD-test-apparatus structure

The RCD-test-apparatus consists of two parts (see Figure H.1):

— Upper Tester (may be a personal computer with a host interface suitable for a tested PCD);
— Uower Tester (LT).

Tested PCD is treated as Implementation Under Test (IUT).

Wher| a PCD is embedded in a product, it includes the UT. For this case some tests may not be applicable.
Also, |in case the standard does not have @, specific requirement the test method will end up jn a report of
capalilities only.

Upper Tester (UT)

INITIALIZE_PCD_TEST MODE
TM-PDUs INITIATE_ANTICOLLISION
SEND_UT_APDU

PCD-test- Implementation Under Test (IUT = PCD)
apparatus
Holecks
TB-PDUs R-blocks
\/ S-blocks
Lower Tester (LT)

Figure H.1 — Conceptual tester architecture
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The LT part of the PCD-test-apparatus includes:

— A PICC emulation hardware and software device capable of emulating of Type A and Type B protocols;

— A digital sampling oscilloscope (see 5.1.1).

H.1.3 PCD-test-apparatus interface

The UT and the IUT communicate with the TM-PDU (Test Management PDU). The definition of TM-PDUs is
implementation dependent and provided by the IUT manufacturer and shall initiate the actions required in

Table H.1.

Table H.1 — Logical interface commands

TM-PDU name Required IUT action

1 INITIALIZE_PCD_TEST_MODE Return to Power On state (The {UT-is
expected to enter to anticollisien_loop).
The IUT returns the result ¢code of its
action to the UT.

2 INITIATE_ANTICOLLISION Initiate anticollision sequence (if the IUT
starts the anticollision sequence
automatically .Upon initialize, the
sequence can, be empty). The IUT
returns the result code of its action to
the UT.

3 SEND_UT_APDU Transmit the UT_APDU through the RF
interface to LT and return the IUT result
code of its action to the UT. The
response from the IUT shall include the
answer of LT to the UT_APDU sent.

The PCD-tesj-apparatus shall be able to initialize the IUT utility information provided by the IUT manufal
over the UT ipterface and to configure itselfto perform the necessary procedures, protocols and analysi
its LT interfade.

H.1.4 Emulating the 1/O prototol

The PCD-tesj-apparatus at its LT interface shall be able to emulate the protocol Type A and Type B and
applications, which are required to run the Scenario. The LT shall be able to break the transmitted pa
into chained blocks with‘the required length.

It shall be posgsible-to. configure the LT to simulate different options:

cturer
5 over

PICC
ckets

— NAD and-GiD-eonfiguration;

— Frame size, bit rates and any other parameter as required for the implementation of the test methods.

H.1.5 Generating the 1/0 character timing in transmission mode

The PCD-test-apparatus at its LT interface shall be able to generate the 1/0 bit stream accordi
ISO/IEC 14443-3:—. Timing parameters: start bit duration, extra guard time (Type B only), bit duration,

ng to
frame

delay time, start of frame width and end of frame width shall be configurable. For the purpose of tests of Type

A, the LT shall be capable of simulating a bit collision at a selected bit position(s).
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H.1.6 Measuring and monitoring the RF 1/0 protocol

The PCD-test-apparatus at its LT interface shall be able to measure and monitor the timing of the logical low
and high states transmitted by the PCD.

H.1.7 Protocol Analysis

The PCD-test-apparatus shall be able to analyze the I/O-bit stream at its LT interface in accordance with
protocol Type A and Type B as specified in ISO/IEC 14443-3:— and ISO/IEC 14443-4:2008 and extract the
logical data flow for further protocol analysis.

H.1.8 Protocol activation procedure

H.1.8{1 Activation procedure for anticollision test methods
Activate the LT by the following sequence:

a) (onfigure the LT to emulate the Type A or Type B protocol.

b) :Ihe UT sends INITIALIZE_PCD_TEST_MODE TM-PDU to the PCD:
c) The UT sends INITIATE_ANTICOLLISION TM-PDU to the PCD:
H.1.8|2 Activation procedure for Type A protocol test methods

Activate the LT by the following sequence:

a) (onfigure the LT to emulate the Type A protocol.

b) The UT sends INITIALIZE_PCD_TEST_MODE TM-PDU to the PCD.
c) The UT sends INITIATE_ANTICOLLEISION TM-PDU to the PCD. The PCD shall apply the anticollision
quence as defined in ISO/IEC«14443-3:—, Clause 6 (request, anticollision loop and select). The PCD
all apply the protocol activation sequence as defined in ISO/IEC 14443-4:2008, Clause 5.

d) The PCD reports the UT the‘result of the activation procedure.

H.1.8|3 Activation procedure for Type B protocol test methods
Activate the LT by«the following sequence:

a) (onfigurethe LT to emulate the Type B protocol.

b) Tlhe UT sends INITIALIZE_PCD_TEST_MODE TM-PDU to the PCD.

c) The UT sends INITIATE_ANTICOLLISION TM-PDU to the PCD. The PCD shall apply the anticollision
sequence as defined in ISO/IEC 14443-3:—, Clause 7.

d) The PCD reports the UT the result of the activation procedure.
H.1.9 Scenario

H.1.9.1 Description
Testing of the PCD as defined in this document requires a Scenario to be executed. This Scenario is a 'typical

protocol and application specific communication', dependent on the protocol and application specific
functionality foreseen for the normal use of and implemented in the PCD.
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The typical Scenario is the set of command TM-PDUs defined in H.1.3.

The Scenario shall be defined by the entity carrying out these tests and shall be documented with the test
results. The Scenario shall encompass a representative subset or if practical, the full functionality of the PCD
expected to be utilized during normal use.

NOTE The testing entity may require information about the implemented protocol and functionality.

The UT_APDU to be sent may be one from the following:

— UT_TEST_COMMAND1, decided by the PCD-test-apparatus, specifies the ISO instruction used as the

default instruction-for Scenarios-not nnnr’hng PCD r\hqlnmg (In case PCD decides anyway {o-chain, the

Scenarid should be adapted accordingly by the test laboratory);

— UT_TES|I_COMMAND?2, decided by the PCD-test-apparatus, specifies the ISO instruction used as the
default instruction for Scenarios dealing with PCD chaining.

H.1.9.2 Scé¢nario example

The typical Sgenario may be as follows:
INITIALIZE PCD TEST MODE
INITIATE ANTICOLLISION

SEND UT AHDU (UT_TEST COMMANDI)
SEND UT AHDU (UT_TEST COMMAND2)

H.1.10 UT, LT and PCD behavior
The following|items summarize the behavior of the UT,the LT and the PCD:
a) The UT nfuns the activation procedure as defined in H.1.8.

b) If the actjvation procedure went wrong, the-PCD goes to exception processing. This exception procgssing
may incllide reporting the error to the UT:

c) In case ¢f anticollision test methods the PCD-test-apparatus ends the test at this point. For protocol test
methods|the UT continues to.the next step.

d) The UT gends the first command UT_APDU to the PCD.
e) The PCD is expected-to transfer this command UT_APDU to the LT using TB-PDUs. The PCD splits the

current YT_APDU-into the appropriate TB-PDUs (I-blocks), sends the first I-block to LT and response
block is awaited: The PCD manages communication blocks according to ISO/IEC 14443-4:2008.

f)  The commanrd-UT—-ARBU-isreceived-by-the-LT—The-LT-sends-theresponse- UT-ARDU-Ho-the PCD. The
LT manages communication blocks (TB-PDUs) according to ISO/IEC 14443-4:2008 (the LT may use
chaining mechanism at any time even if not mandated by either PCD or PICC maximum frame size). The
PCD is expected to transfer response UT_APDU, received from the LT, back to the UT.

g) If the command failed at protocol level (i.e. error detected by the PCD), the PCD goes to exception
processing. Exception processing may include error reporting to the UT.

h) If the command succeeded, the PCD reports the UT about successful result. In this case, if the Scenario

defines additional UT_APDU to be sent to the LT, the UT sends the next UT_APDU to the PCD. This loop
continues until the last test UT_APDU is sent.
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H.1.11 Relationship of test methods versus base standard requirement

All tests in Tables H.2, H.3 and H.4 shall be executed and their results reported in the relevant Tables in H.6.

Table H.2 — Type A specific test methods

Test method from ISO/IEC 10373-6 Corresponding requirement
Clause Name Base standard Clause
H.2.1 Frame delay time PICC to PCD ISO/IEC 14443-3:— 6.2.1.2
H.2.2 Request Guard Time ISO/IEC 14443-3:— 6.2.2
H|2.3 Handling of bit collision during ATQA ISO/IEC 14443-3:— 6.5.2
H|2.4 Handling of anticollision loop ISO/IEC 14443-3:— 6.5.3
H[2.5 Handling of RATS and ATS ISO/IEC 14443-4:2008 5.6.1.1
H|2.6 Handling of PPS response ISO/IEC 14443-472008 5.6.2.1
H|2.7 Frame size selection mechanism ISO/IEC 14443-4:2008 523
H|2.8 Handling of Start-up Frame Guard Time ISO/IEC 14443-4:2008 5.25
H|2.9 Handling of the CID during activation by the PCD ISO/IEE 14443-4:2008 5.6.3
Table H.3 — Type B specific test methods
Test method from ISO/IEC 10373-6 Corresponding requirement
Clause Name Base standard Clause
H|3.1 I/O transmission timing ISO/IEC 14443-3:— 71
H|3.2 Frame size selection mechanism ISO/IEC 14443-3:— 7.9
H|3.3 Handling of the CID during activation by the PCD ISO/IEC 14443-3.— 7.10
Table H.4 — Test methods for logical operation
Test method from ISO/IEC 10373-6 Corresponding requirement
Clause Name Base standard Clause
H|4.1 Handling of the polling loop ISO/IEC 14443-3.— 5
H|4.2 Reaction of the PCD to request for waiting time extension ISO/IEC 14443-4:2008 7.3
H|4.3 Error detection and recovery ISO/IEC 14443-4:2008 7.5.6
H|4.4 Handling of NAD during chaining ISO/IEC 14443-4:2008 7.1.1.3

H.2 Type A specific test methods

H.2.1 Frame delay time PICC to PCD

The purpose of this test is to determine the timing between a PICC frame and the next PCD frame.

H.2.1.1 Apparatus

See H.1.
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H.2.1.2 Procedure

Place the LT into the PCD operating volume.

During the following procedure the RF Input/Receive data shall be continuously monitored and verified correct
to ISO/IEC 14443-2:2010. All signal transitions (level and timing) as well as the logical content of the
communication shall be recorded.

Use the following sequence:

The UT performs the activation procedure according to H.1.8.1.

a)

b) The LTy

c) ThelT3

d) ThelTy
3i—.

e) Measure]
the PCD

H.21.3 Tes

Report the s

appropriate r¢w of Table H.23.

H.2.2 Request Guard Time

The purpose
commands. T

H.2.21 Ap

See H.1.
H.2.2.2 Prg
Place the LT
During the fo

to ISO/IEC 1
communicatiq

aits until the PCD sends a valid REQA/WUPA command frame.
nswers with a valid ATQA.
aits until the PCD sends a valid Anticollision command according to Figure 7\inISO/IEC 1

the time between the last modulation transmitted by the LT and the first pause transmit
(see ISO/IEC 14443-3:—, 6.2.1.2).

t report

gnal recording. Fill item 1 of Table H.21 with measured” value of frame delay time an

of this test is to determine the Request Guard Time of two consecutive REQA/M
his test is relevant for PCDs, which send\consecutive REQA/WUPA.

baratus

cedure
nto the PCD opérating volume.
lowing procedure the RF Input/Receive data shall be continuously monitored and verified ¢

14443-2:2010. All signal transitions (level and timing) as well as the logical content
n shallt:be recorded.

4443

ed by

d the

VUPA

orrect
bf the

Use the folloV

ving’sequence:

a)

6.2.2).

152

The UT performs the activation procedure according to H.1.8.1.
The LT waits until the PCD sends a valid REQA/WUPA command frame. The LT remains Mute.

The LT waits until the PCD sends a valid REQA/WUPA command frame. The LT remains Mute.

Measure the time between the start bits of two consecutive REQA/WUPA (see ISO/IEC 14443-3:—,
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H.2.2.3 Test report

Report the signal recording. Fill item 2 in Table H.21 with measured value of request guard time and the
appropriate row of Table H.23.

H.2.3 Handling of bit collision during ATQA
The purpose of this test is to determine the handling of bit collision during ATQA by the PCD.

H.2.3.1 Apparatus

See H.1.

H.2.3|12 Procedure
Placelthe LT into the PCD operating volume and record the presence and the contentof the PCOQ commands.

Use the following sequence:

a) :Ihe UT performs the activation procedure according to H.1.8.1.
he LT waits until the PCD sends a valid REQA/WUPA command-frame.

c) Maintain the LT to answer with ATQA using simulation,of\the bit collision at bit N (N from} 1 up to 16).
(ollision at a bit causes a collision also in associated patity bit.

H.2.3|3 Test report

Fill the appropriate row in Table H.23 according to.Fable H.5.

Table H.5 — Result criteria for handling of bit collision during ATQA

Explanation Test result

Only when the PCDstarts the bit oriented | PASS
anticollision loop.

Any other case FAIL

H.2.4 Handling.of anticollision loop

The purpose:of this test is to determine the handling of bit anticollision loop according to ISO/IEC|14443-3:—,
6.5.3.

H.2.41 Apparatus

See H.1.

H.2.4.2 Procedure

Place the LT into the PCD operating volume and record the presence and the content of the PCD commands.

H.2.4.2.1 Procedure 1 (single size UID)

Use the following sequence:
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f)

9)

Scenario H.1 — Handling of anticollision loop for PICC with single size UID (Procedure:-1)

The UT performs the activation procedure according to H.1.8.1.
The LT waits until the PCD sends a valid REQA/WUPA command frame.

The LT answers with ATQA indicating bit frame anticollision and UID size: single (bits b8 and b7
equal (00)b).

The PCD shall send ANTICOLLISION command '93 20' (cascade level 1).

The LT answers with UID CL1 (uidO uid1 uid2 uid3 BCC).

The PCD-shallsenrd-SELECTcommand—9370uid0-widduid2-4id3-BEC-CRECA-

The LT gnswers with SAK (cascade bit is cleared, b3 = (0)b), indicating that UID is complete.

Test PCD LT $tage
REQA/WUPA REQA/WUPA —_
— ATQA (single size UID) 1
ANTICOLLISION ANTICOLLISION command N
Level 1 Level 1 (‘93 20')
«— uUID CL1 2

(uidO uid1 uid2 uid3 BCC)
SELECT command SN
('93 70' uid0 uid1 uid2 uid3 BCC CRC_A)

SELECT

< SAK(complete) 3

H.2.4.2.2 Rrocedure 2 (double size UID)

Use the following sequence:

a)

The UT performs the activationprocedure according to H.1.8.1.
The LT waits until the PCDjsends a valid REQA/WUPA command frame.

The LT Jjanswers with® ATQA indicating bit frame anticollision and UID size: double (bits b8 and b7
equal (01)b).

The PCO shali'send ANTICOLLISION command '93 20' (cascade level 1).

The LT answers with UID CL1 ('88' uid0 uid1 uid2 BCC).
The PCD shall send SELECT command '93 70 88' uid0 uid1 uid2 BCC CRC_A.
The LT answers with SAK (cascade bit is set, b3 = (1)b).

The PCD shall increase the cascade level and shall send ANTICOLLISION command '95 20' (cascade
level 2).

The LT answers with UID CL2 (uid3 uid4 uid5 uidé BCC).

The PCD shall send SELECT command '95 70' uid3 uid4 uid5 uidé BCC CRC_A.
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k) The LT answers with SAK (cascade bit is cleared, b3 = (0)b), indicating that UID is complete.

Scenario H.2 — Handling of anticollision loop for PICC with double size UID (Procedure 2)

Test PCD LT Stage
REQA/WUPA REQA/WUPA N
— ATQA (double size UID) 1
ANTICOLLISION ANTICOLLISION command N
Level 1 Level 1 ('93 20")
-— UID Cl 1 2
(88’ uidO uid1 uid2 BCC)
4 SELECT command
JELECT (93 70 88' uidO uid1 uid2 BCC CRC_A) —
- SAK(cascade) 3
ANT LCOL'-'S'ON ANTICOLLISION command Level 2 (95 20) ~ —
evel 2
- uID CL2 4
{Uid3 uid4 uid5 uid6 BCC)
o SELECT command
$ELECT (95 70' uid3 uid4 uid5 id6 BCC CRC_A) —
&— SAK(complete) 5
H.2.4{2.3 Procedure 3 (triple size UID)
Use the following sequence:
a) Tlhe UT performs the activation procedure according to H.1.8.1.
b) The LT waits until the PCD sends a valid REQA/WUPA command frame.
c) The LT answers with ATQA indicating bit frame anticollision and UID size: triple (bits b8 and b7
qual (10)b).
d) Tlhe PCD shall send- ANTICOLLISION command '93 20' (cascade level 1).
e) The LT answers with UID CL1 ('88' uid0 uid1 uid2 BCC).
f) he PCD:shall send SELECT command '93 70 88' uid0 uid1 uid2 BCC CRC_A.
g) ThelLT answers with SAK (cascade bit is set, b3 = (1)b).

h) The PCD shall increase the cascade level and shall send ANTICOLLISION command '95 20' (cascade

level 2).

i) The LT answers with UID CL2 ('88' uid3 uid4 uid5 BCC).

i)  The PCD shall send SELECT command '95 70 88' uid3 uid4 uid5 BCC CRC_A.

k) The LT answers with SAK (cascade bit is set, b3 = (1)b).

) The PCD shall increase the cascade level and shall send ANTICOLLISION command '97 20' (cascade

level 3).
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m) The LT answers with UID CL3 (uid6 uid7 uid8 uid9 BCC).
n) The PCD shall send SELECT command '97 70" uid6 uid7 uid8 uid9 BCC CRC_A.

0) The LT answers with SAK (cascade bit is cleared, b3 = (0)b), indicating that UID is complete.

Scenario H.3 — Handling of anticollision loop for PICC with triple size UID (Procedure 3)

Test PCD LT Stage
REQA/WUPA REQA/WUPA SN
pa— ATQA (tnple size UID) 1
ANTICOLLISION ANTICOLLISION command R
Level 1 Level 1 ('93 20")
¢ uID CL1 2
(88" uid0 uid1 uid2 BCE)
SELECT command N
SELECT ('93 70 88' uid0 uid1 uid2 BCC CRC_A)
— SAK(cascade) 3
ANTICOLLISION ANTICOLLISION command Level 2 (95 20") —
Level 2
¢ uID CL2 4
(88" uid3 uid4 uid5 BCC)
SELECT command
SELECT ('95 70 88" id3 uid4 uid5 BCC CRC_A)
ANS SAK(cascade) 5
ANTICOLLISION ANTICOLLISION command Level 3 ('97 20Y) —
Level 3
¢ uID CL3 6
(uid6 uid7 uid8 uid9 BCC)
SELECT command N
SELECT ('97 70" uid6 uid7 uid8 uid9 BCE CRC_A)
— SAK(complete) 7
H.2.4.2.4 Rrocedure 4 (Full Bitwise Anticollision, single size UID)
Use the following sequence:
a) The UT performs.the activation procedure according to H.1.8.1.
b) The LT waits.until the PCD sends a valid REQA or WUPA command frame.

c) The LT answers with ATQA indicating bit frame anticollision and UID size: single (bits b8 and b7 equal
(00)b).

d) The PCD shall send ANTICOLLISION command: '93 20'".

e) The LT answers by a stream of 40 bits by emulating a collision on every bit, including parity bits.

f)  Repeat the steps g) to h) for values k from 1 to 31.

g) The PCD shall send ANTICOLLISION command: '93' NVB UIDTX4[[1..k]], where UIDTX4[[1..k-11] is either

empty (i.e. k = 1) or the value already known by the PCD and UIDTX4[[k]] is an arbitrary bit selected by
the PCD.
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h) The LT answers by a stream of 40 minus k bits by emulating a collision on every bit, including parity bits.

i) The PCD may optionally send ANTICOLLISION command: '93 60" UIDTX4[[1..32]]. In this case the LT
answers with BCC.

NOTE This optional ANTICOLLISON command does not change the Stage number.

j)  The PCD shall send SELECT command '93 70" UIDTX4[[1..32]] BCC CRC_A, with BCC calculated by the
PCD if it has not run the optional step i).

k) The LT answers with SAK (cascade bit is cleared, b3 = (0)b), indicating that UID is complete.

ScenLrio H.4 — Handling of full bitwise anticollision loop for PICC (Procedure 4)

Test PCD LT Stage
REQA/WUPA REQA/WUPA —
— ATQA(single size UID) 1
ANT|ICOLLISION ANTICOLLISION command N
(93 20
«— 40 bits full collision frame 2
ANT|ICOLLISION N

ANTICOLLISION command
(k s UlDparmal) ('93' NVB UIDTX4[[1..k]])

<k<31
« 40 minus k bits collision frame k+2
QPTIONAL ANTICOLLISION command —
ANT|ICOLLISION (93 60" UIDTX4([[1..32]])
(32 Hits UIDPART|A|_) 1t
«— (BCC)
SELECT command >
SELECT ('93 70" UIDTX4[[1..32]]-BCC CRC_A)
«— SAK(complete) 34

H.2.4{3 Test report

Fill the appropriate row in“Table H.23 according to Table H.6.

Table H.6 — Result criteria for handling of anticollision loop

Explanation Test result

Only when the PCD’s behavior matches | PASS
each procedure expected Scenario

Any other case FAIL

H.2.5 Handling of RATS and ATS

The purpose of this test is to determine the handling of RATS and ATS by the PCD according to
ISO/IEC 14443-4:2008, 5.6.1.1.

H.2.5.1 Apparatus

See H.1.
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H.2.5.2 Procedure

Place the LT into the PCD operating volume and record the presence and the content of the PCD commands.

H.2.5.2.1 Procedure 1
Use the following sequence:
a) The UT performs the activation procedure according to H.1.8.1.

b) The LT answers relevant anticollision messages and waits until the PCD sends a valid RATS command
frame.

c) The LT does not respond to RATS (Mute).

d) The PCO may send a valid RATS command frame.

e) Ifthe PCPD has sent a second RATS, the LT does not respond to the RATS (Mute).

f)  The PCOD shall start the deactivation sequence defined in ISO/IEC 14443-4:2008) Clause 8.

g) Repeat the procedure with an erroneous ATS frame (use a wrong CRC_A))instead of Mute.

Scenario H.§ — Handling of RATS and ATS, Procedure 1

Test PCD LT

RATS command frame

(e.g.'E0 01' CRC_A)
Mute Mute
RATS command frame
(e.g.'E0 01' CRC_A)
Mute
start deactivgtion DESELECT

RATS command frame
(e.g'E0 01' CRC_A)

erroneous ATS frame @
erroneous ATY frame
RATS command frame

(.9 'E0 01' CRC_A)

erroneous ATS frame @

I

start deactivation DESELECT

a

Determineq instep g).

H.2.5.2.2 Procedure 2
Use the following sequence:
a) The UT performs the activation procedure according to H.1.8.1.

b) The LT answers relevant anticollision messages and waits until the PCD sends a valid RATS command
frame.

c) The LT answers with a valid ATS without TA byte.

158 © ISO/IEC 2011 — All rights reserved


https://iecnorm.com/api/?name=e3ceafbae4c0d2f65a15fa2f43964196

	1 Scope
	2 Normative references
	3 Terms, definitions, symbols and abbreviated terms
	3.1 Terms and definitions
	3.2 Symbols and abbreviated terms

	4 Default items applicable to the test methods
	4.1 Test environment
	4.2 Pre-conditioning
	4.3 Default tolerance
	4.4 Spurious Inductance
	4.5 Total measurement uncertainty

	5 Apparatus and circuits for test of ISO/IEC 144431 and ISO/IEC 144432 parameters
	5.1 Minimum requirements for measurement instruments
	5.1.1 Oscilloscope

	5.2 Calibration coil
	5.2.1 Size of the calibration coil card
	5.2.2 Thickness and material of the calibration coil card
	5.2.3 Coil characteristics

	5.3 Test PCD assembly
	5.3.1 Test PCD antenna
	5.3.2 Sense coils
	5.3.3 Assembly of Test PCD

	5.4 Reference PICC
	5.4.1 Dimensions of the Reference PICC
	5.4.2 Reference PICC construction
	5.4.3 Reference PICC resonance frequency tuning


	6 Test of ISO/IEC 144431 parameters
	6.1 PCD tests
	6.1.1 Alternating magnetic field
	6.1.1.1 Purpose
	6.1.1.2 Test procedure
	6.1.1.3 Test report


	6.2 PICC tests
	6.2.1 Alternating magnetic field
	6.2.1.1 Apparatus
	6.2.1.2 Test procedure
	6.2.1.3 Test report

	6.2.2 Static electricity test
	6.2.2.1 Apparatus
	6.2.2.2 Test procedure
	6.2.2.3 Test report



	7 Test of ISO/IEC 144432 parameters
	7.1 PCD tests
	7.1.1 PCD field strength
	7.1.1.1 Purpose
	7.1.1.2 Test procedures
	7.1.1.3 Test report

	7.1.2 PCD field strength supporting operation with "Class 1" PICCs
	7.1.2.1 Purpose
	7.1.2.2 Test procedure
	7.1.2.3 Test report

	7.1.3 Power transfer PCD to PICC
	7.1.3.1 Purpose
	7.1.3.2 Test procedure
	7.1.3.3 Test report

	7.1.4 Modulation index and waveform
	7.1.4.1 Purpose
	7.1.4.2 Test procedure
	7.1.4.3 Test report

	7.1.5 Load modulation reception
	7.1.5.1 Purpose
	7.1.5.2 Test procedure
	7.1.5.3 Test report


	7.2 PICC tests
	7.2.1 PICC transmission
	7.2.1.1 Purpose
	7.2.1.2 Test procedure
	7.2.1.3 Test report

	7.2.2 PICC reception
	7.2.2.1 Purpose
	7.2.2.2 PICC Type A
	7.2.2.2.1 Test conditions for a bit rate of fc/128
	7.2.2.2.2 Test conditions for bit rates of fc/64, fc/32 and fc/16
	7.2.2.2.3 Test procedure

	7.2.2.3 PICC Type B
	7.2.2.3.1 Test conditions
	7.2.2.3.2 Test procedure

	7.2.2.4 Test report

	7.2.3 PICC resonance frequency (informative)
	7.2.3.1 Purpose
	7.2.3.2 Procedure
	7.2.3.3 Test report

	7.2.4 "Class 1" PICC maximum loading effect
	7.2.4.1  Purpose
	7.2.4.2 Test procedure
	7.2.4.3 Test report



	8 Test of ISO/IEC 144433 and ISO/IEC 144434 parameters
	8.1 PCD tests
	8.2 PICC tests


