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Foreword

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

work. In the field of information technology, ISO and IEC have established a joint technical cominittee,

ISO/IEC JTC 1.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives,

The main task of the joint technical committee is to prepare International Standards:Braft Intern
Standards adopted by the joint technical committee are circulated to national* bodies for

Publication as an International Standard requires approval by at least 75 90.0f the national
casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the sulj
patent rights. ISO and IEC shall not be held responsible for identifying.ahy or all such patent righ

Amendment 5 to ISO/IEC 10373-6:2011 was prepared by Joint Technical Committee ISO/IEC
Information technology, Subcommittee SC 17, Cards and personal.identification.
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Identification cards — Test methods —

Part 6:
Proximity cards

AMENDMENT 5: Bit rates of 3fc/4, fc, 3fc/2 and 2fc from BCD to
PICC

Page 22

Add new subclause

7.3 Test methods for bit rates of 3fc/4, fc, 3fc/2 and 2fc fromPED to PICC
See Annex].

After Annex |

Add following new annex:

© ISO/IEC 2014 - All rights reserved 1


https://iecnorm.com/api/?name=8defe76fbda76f4c0f5bd28725aed94e

ISO/IEC 10373-6:2011/Amd.5:2014(E)

Annex ]
(normative)

Test methods for bit rates of 3fc/4, fc, 3fc/2 and 2fc from PCD to

PICC

J.1
This a

NOTE
noise v

J.2 ]

J.2.1
All the

J.2.1.1

J.2.1.1l

This tq
interfd

J.2.1.1

Apply

Dverview

nex specifies the test methods for bit rates of 3fc/4, fc, 3fc/2 and 2fc from PCD to PICE,

Future revisions of ISO/IEC 14443 and ISO/IEC 10373-6 may specify new NPV tolerance and phase
alues with corresponding test methods.

[est of ISO/IEC 14443-2 parameters

PCD Tests

tests described below will be done in the operating volumeras\defined by the PCD manufacturer.
PCD phase range and waveform characteristics

1 Purpose

stis used to determine the PR as well as themormalized differential phase noise and inter-symbol
rence parameters, [SIy, and ISlg, as defined,in ISO/IEC 14443-2:2010/Amd.5.

.2 Test procedure

the procedure defined in 7.1.4.2-with the following adaptations:

— Afiter the activation of a bit rate of 3fc/4, fc, 3fc/2 or 2fc, the PCD shall transmit an 1(0)o(TEST_

C(

— In
dd

J.2.1.1

The te
of the

MMAND1(1)).

steps a) and f) of 74.4.2, the waveform characteristics shall be determined using the analysis tool
fined in ].3.

.3 Test report

5t reportshall give the measured PR, ISIy,, ISIq and the normalized differential phase noise values
PCD(field, within the defined operating volume in unloaded and loaded conditions.

NOTE

1219
Z

J.2.2
J.2.2.1

J.2.2.1

3 la & £ s
| FTore s SIVES SUIHIT TAAIIIPIT LLOoL T TPUILI LS.

PICC Tests
PICC reception

.1 Purpose

The purpose of this test is to verify the ability of the PICC to receive PCD commands for bit rates of 3fc/4,
fc, 3fc/2 and 2fc.

© ISO/IEC 2014 - All rights reserved
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J.2.2.1.2 Test conditions

14(E)

Four test conditions are defined at the border of the PICC signal parameters as defined in ISO/IEC 14443-

2:2010/Amd.5. A low pass filtered pseudo-random white noise as defined in ].4.3 is added

to the

transmitted APVs such that the normalized differential phase noise (rms) is the maximum value as
defined in ISO/IEC 14443-2:2010/Amd.5. The test conditions are created using the test PCD assembly in

combination with digital pre-conditioning of the transmitted APVs as shown in ].4:

— Condition 1: the test PCD signal is digitally pre-conditioned to have the maximum ISy, value for the

ISIq value or 457 as defined 1n ISU/1EC 14445-2:2Z010/AMd. 5;

— Condition 2: the test PCD signal is digitally pre-conditioned to have the maximum ISy, value
[SI4 value of -45° as defined in ISO/IEC 14443-2:2010/Amd.5;

— Condition 3: the test PCD signal is digitally pre-conditioned to have the maximuf’ISIy, value
[SI4 value of 120° as defined in ISO/IEC 14443-2:2010/Amd.5;

— Condition 4: the test PCD signal is digitally pre-conditioned to have the makimum ISy, value
[SIq value of 0° as defined in ISO/IEC 14443-2:2010/Amd.5.

NOTE1 These conditions are applied after switching to the bit rate under test.

NOTE 2 |4 informatively describes how to create the above 4 conditions in the base-band domain
complex envelope of the signal).

These 4 test conditions shall be tested at least using Hyjp.and Hpax.

J.2.2.1.3 Test procedure

For each supported bit rate of 3fc/4, fc, 3fc/2 and2fe, the PICC shall operate under the defined con
after the selection of a bit rate. This PICC shall respond correctly to an 1(0)o(TEST_COMMAN
transmitted at the specified bit rate.

The activation of the bit rates usesS(PARAMETERS) mechanism as defined in ISO/IEC
4:2008/Amd.3.

NOTE For a frame size higher<than 256 bytes a frame with error correction as defined in ISO/IEC
4:2008/Amd.4 should be used.

].2.2.1.4 Testreport
The test report shall confirm the intended operation at the bit rates under test. Used test con

shall be mentioniedin the test report.

].3 PCD-waveform characteristics analysis tool for bit rates of 3fc/4, fc, 3fc/?

2fc

for the

for the

for the

[on the

litions
D1(1))

|4443-

14443-

litions

and

;34 Overview

The working principle of the analysis tool for bit rates of 3fc/4, fc, 3fc/2 and 2fcis illustrated in Figure ].1.

© ISO/IEC 2014 - All rights reserved
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Sampling
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Anti-aliasing filtering
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Figure J.1 — Block diagram of the;analysis tool for bit rates of 3fc/4, fc, 3fc/2 and 2fc

lock is separately described in‘the subsequent clauses.
Sampling

cilloscope used forsignal capturing shall fulfill the requirements defined in 5.1.1. The time and
e data of at least 1000 non-modulated carrier periods followed by one data frame, followed by at

0 non-modulated carrier periods (see illustration in Figure ].2) shall be transferred to a suitable
ter.
Non-
Nen:modulated carrier Frame modulated
carrier

Figure J.2 — Non-modulated carrier followed by one frame, followed by non-modulated carrier

J.3.3

Anti-aliasing filtering

A 4th order, Butterworth type low pass filter with 3-dB cut off frequency at 120 MHz shall be used for
filtering higher frequency components The filter characteristic is illustrated in Figure J.3.

© ISO/IEC 2014 - All rights reserved
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Figure ]J.3 — Anti-aliasing filter characteristics

].3.4 Homodyne demodulation

The signal shall be demodulated using a homodynedemodulator (IQ demodulator) and the argurhent of
this complex transform represents the phase sighal over time (see Figure ].4).

x 10°

Phase (degrees)

-1.8

0 0.02 0.04 0.06 0.08
Time (ms)

Figure J.4 — Example phase signal over time after homodyne demodulation

J.3.5 Subsampling

The phase signal shall be sub-sampled to an integer number multiple of fc using linear interpolation. The
integer number shall be at least 32.

].3.6 De-rotation
This phase signal over time is continuously changing due to the difference between the modulated

RF carrier frequency and the demodulator frequency. This frequency mismatch is computed from the
constant phase slope of the phase signal during the time of the non-modulated carrier. The complete

© ISO/IEC 2014 - All rights reserved 5
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phase signal is multiplied by a carrier signal whose frequency is the computed frequency difference (see

Figure |.5).

150
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Figure J.5 — Example phase signal after de- rotatlpé\

.3.7 | Notch-filteri
J otch-filtering \Q/

The phjase signal contains the second harmonic due to demodulat@'he phase signal shall be smoothed
with almoving average filter having a filter period of 2/fc (see E%g e].6).
O
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®~ Figure ].6 — Example phase signal after filtering

Phase (degrees)
o

].3.8 | et d alignment

The phég/ signal shall be aligned to the etu grid of the reference phase signal. The reference phase

signal is computed from the SOC using the method defined in ISO/IEC 14443-2:2010/Amd.5. The etu
grid alignment is carried out by maximizing the computed correlation, using the phase signal and the
reference phase signal.

J.3.9 Phase range measurement

The PR parameter shall be determined as defined in ISO/IEC 14443-2:2010/Amd.5.

6 © ISO/IEC 2014 - All rights reserved
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].3.10 Intersymbol interference measurement

14(E)

The ISl and ISIq parameters shall be determined from the system identification coefficients. The system

identification coefficients shall be determined by solving the system identification problem given
phase signal and the reference phase signal using the Linear Least Squares method. ISl and ISIg

by the
values

shall be computed for every sampling time within the last carrier period of an etu. The maximum ISl

value shall be selected with the related ISIg.

.3.11 Normalized differential phase noise measurement

The normalized differential phase noise shall be determined during a section of a non-modulated
of atleast 500 carrier periods according to the definition in ISO/IEC 14443-2:2010/Amd.5.

]J.3.12 Program of the PCD waveform characteristics analysis tool for bit fates of 3fd
3fc/2 and 2fc (informative)

The following program written in ANSIC language gives an example for the implementation
analysis tool for bit rates of 3fc/4, fc, 3fc/2 and 2fc.

This ANSIC implementation consists of 7 files which should be placed in,the same folder.

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

/*** psk defines.h *kk )
/*** DESCRIPTION: * %k [
Vo Constants and LUTs for VHBR PSK wave shape {09l *Hx/

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

#ifndef PSK DEFINES H
#define PSK_DEFINES H

#include “psk types.h”

#define MAX SAMPLES 50000

#define PSK_ERR_OK 0 /**< Successful termination */

#define PSK _ERR READ FILE -1 /**< File not found or no read permission 7
#define PSK_ERR_PARAMETER -2 /**< Parameter of function is invalid or uj
pected */

#define PSK ERR OUT OF MEM -3 /**< Memory allocation failed */

#define PSK_ERR INVALID SAMBRLE RATE -4 /**< Sample rate of signal is not supporte
#define PSK_ERR_INVALID SAMPLE VEC -5 /**< Sample vector could not be downsample
#define PSK ERR_SIGNAE ['OO SHORT -6 /**< Insufficient amount of input data for

lation */
#define PSK SYMBOIAGRID ALIGNMENT FAIL -7 /**< Grid alignment not found during analys
#define PSK_ERR,SISNAL LEN MISMATCH -8 /**< Unsupported signal length */

#ifndef M RI
#define M _RING.1415926535897932384626433832795
fendif

#ifn@ed NULL
#defide NULL 0
#ehdif

rarrier

4, fc,

of the

ex—

*/
*/

alcu-

is */

// carrier frequency [Hz]

#define FC 13560000

// internal sample frequency of 32 times FC [Hz]

#define FS_INT 433920000

// index of last unmodulated input sample is 480 * FS INT / FC
#define IDX UNMOD 15360

#define MIN NUM SAMPLES 30000
#define MAX_NUM_SAMPLES 900000

static const psk uint32 psk8(] = {1, 1, 7, 7, 1, 1, 7, 7, 1, 1, 7, 7, 1, 1,

© ISO/IEC 2014 - All rights reserved
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statid

statid

7, 1, 1, 7, 1, 7, 0, 0, 7, 3, 6, 1, 5, 3,
6, 2, 2, 2, 7, 1, 0, 3, 5, 2, 3, 5, 2, 3,
6, 0, 7, 2, 3, 3, 7, 6, 4, 5, 6, 1, 6, 5,
2, 6, 1, 3, 4, 0, 2, 0, 6, 6, 7, 0, 5, 7,
3 7, 3, 0, 3, 6, 6, 1, 1, 0, 6, 4, 0, 6,
3, 5 6, 1,1, 1, 2, 6, 7, O, 7, 0, 7, 3,
lr 2/ 4! 2/ lr 5/ 7! 4/ Or 3/ 3! 2/ 3! 4}!
static const psk uint32 PSKle[] = {1, 1, 15, 15, 1, 1, 15, 15, 1, 1,
5, 15, 1, 1, 15, 15, 1, 1, 15, 15,
i, 1, 15, 15, 1, 1, 15, 15, 1, 1,
15, 15, 1, 1, 15, 15, 1, 1, 15, 15,
i, 1, 15, 15, 1, 15, 1, 15, 0, O,
15, ¢, 11, 0, 8, 4, 10, 1, 0, 15,
9, 13, 11, 1, 4, 13, 14, 2, 11, 13,
3, 7, 4, 10, 12, 12, 4, 1, 13, 15,
0, 6, 15, 12, 5, 12, 1, 4, o6, 13,
o, 1, 7, 7, 9, 11, 4, 7, 15, o6,
13, 7, 12, 1, 0, 6, 5, 3, 14, 9,
o, 12, 6, 10, 11, 0, 15, 14, 15, o,
15, 0, 15, 0o, 15, 7, 2, 4, 8, 3,
o, 7, 11, 5, 13, 2, 1, 14, 15, 0};
const psk int32 SOC PSK8 deg[] = { 0, 24, 24, -24, -24,_ (24, 24,
-24, =24, 24, 24, -24,\224, 24,
24, =24, -24, 24, 24,%-24, =24,
24, 24, -24, -24,,\4, 24, -24,
-24, 24, 24, -2455424, 24, 24,
-24, -24, 24, (24, -24, -24, 24,
24, =24, -24,(~21, -24, 24, -24,
32, 32, -24, 8, -16, 24, -8,
8, -1l6, 1&, 16, 16, -24, 24,
32, 84, -8, 1o, 8, -8, 16,
8, -1%, 32, -24, 1le, 8, 8,
-24, =6, 0, -8, -1le6, 24, -1le,
-8,aN16, -16, 24, 8, 0, 32,
>y 32, -16, -1e6, -24, 32, -8,
c24, 8, -24, 8, 32, 8, -1lo,
~1l6, 24, 24, 32, -le, 0, 32,
-1l6, 8, -8, -16, 24, 24, 24,
16, -lo, -24, 32, -24, 32, -24,
8, 24, 1le, 0, 116, 24, -8,
-24, 0, 32, 8, 8, 1lo, 8, 0};
const psk int32 SOC PgKI6 degl[] = { O, 28, 28, -28, -28, 28, 28,
-28, -28, 28, 28, -28, -28, 28,
28, -28, -28, 28, 28, -28, -28,
28, 28, -28, -28, 28, 28, -28,
-28, 28, 28, -28, -28, 28, 28,
-28, -28, 28, 28, -28, -28, 28,
28, -28, -28, 28, -28, 28, -28,
32, 32, -28, 8, -12, 32, 0,
le, -8, 28, 32, -28, -4, =20,
-12, 28, 16, -20, -24, 24, -12,
-20, 20, 4, 16, -8, -16, -1le,
16, 28, -20, -28, 32, 8, -28,
-16, 12, -16, 28, 16, 8, -20,
32, =127 3 23 =4, =12, 65
4, -28, 8, -20, 4, -l6, 28,
32, 8, 12, 20, -24, -4, 32,
-16, 8, -8, -12, 32, -28, =24,
-28, 8, -28, 32, -28, 32, -28,
4, 24, 1o, 0, 20, 32, 4,
-12, 12, -20, 24, 28, -24, -28, 32};

static const psk uint32 PSK len =

141;

// output data types
enum TYPE
{

8 © ISO/IEC 2014 - All rights reserved
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COMPLEX,

DOUBLE,

INTEGER,

BUTTERCFS
i

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

* The order of the input psk signal is either 16 or 8

*/
extern psk uint32 ORDER;

/*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k***‘k*‘k***‘k*‘k*‘k***********************/

/**

* The bit rate of the input signal is a user defined parameter and can be
* 3/4 * fc

* fc

* 3/2 * fc

* 2 * fc

* where fc is the carrier frequency as defined in #FC.

*/

extern psk double BIT RATE;

/*****************************************************************************/
Jx*
* The phase range is the difference between the highest- an' lowest phase value
* and can be either 56 deg or 60 deg
*/
extern psk_uint32 PR;

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

* The elementary phase interval. 8 deg or 4,deg depending on #ORDER

*/
extern psk uint32 EPI;

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

/**
* The elementary time unit is always a multiple of #FC.
* 2/FC for bit rates 1.5*FC and\ 2.0*FC and 4/FC else
*/

extern psk double ETU;

#endif // PSK DEFINES H

/*‘k*‘k*‘k*‘k*‘k*‘k*****‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k***‘k*‘k***‘k*‘k*‘k***********************/

VR psk_types<h x %% [
/*** DESCLRPZAION: x %%/
Yk Définition of used types in psk analysis tool xAx/

JxRx *kx )

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

#ifudef PSK TYPES H
#define PSK_TYPES H

#define RE (z) ( (z).re )

#define IM(z) ( (z).im )

#define ABS(a) ( (a > 0) ? (a) : (-a) )

#define MAX(a, b) ( ( (a) > (b) ) ? (a) : (b))

#define BUTTER SIZE A 5
#define BUTTER SIZE B 5

typedef double psk double;
typedef int psk int32;
typedef unsigned int psk uint32;

typedef struct

© ISO/IEC 2014 - All rights reserved 9
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psk double re;
psk _double im;
} psk _complex;

typedef struct
{
psk _double a[BUTTER SIZE A];
psk double b[BUTTER SIZE B];
} psk butter coefs;

#endif // PSK _TYPES H

/****4************************************************************************/

/*** gsk math.h xxAx/
/*** |DESCIRPTION: header of psk math.c *xA/
/*** |It contains the function declaration of used mathematical functions ***J}
/*** |for the PSK waveform characteristics analysis tool RN

/****%************************************************************************/

#ifnddf PSK MATH H
#defind PSK_MATH H

#inclyde “psk types.h”

/****4************************************************************************/
/**
* psl mean

* cdlculate the arithmetic mean of a given vector

* (@garam vec Calculate the mean of the values in thig vector
* (@garam len The vector’s number of elements

*  @feturn The aritmethic mean or zero, 1if len < _2

*/

psk _dquble psk mean( psk double* vec /*[in]*/, pék uint32 len /*[in]*/);

/****J************************************************************************/
/**
* psi cmpl mean

cdlculate the arithmetic mean of (& given vector for both, real and
inaginary parts. The result is-also a complex number

@garam vec Calculate the mean(of the values in this wvector

@garam len The vector’s numbetr of elements

@feturn The aritmethic meé&n* or zero, if len < 2

o o ok X %

/

psk cqmplex psk cmpl mean.( Psk complex* vec/*[in]*/, psk uint32 len /*[in]*/);

/****J************************************************************************/
/**
* psl diff

* THe resultdM§ vector’s elements are the differences of two consecutive
elements\of a given vector. The resulting vector has a length of len-1
@garam- véc Calculate the consecutive differences of this vector’s wvalues
@gapam-len The vector’s number of elements

@fetwfn The aritmethic mean or zero, i1if len < 2

* % ok ok X

/
psk double* psk diff( psk double* vec /*[in]*/, psk uint32 len /*[in]*/);

/*****************************************************************************/
/**
* psk max
Find the maximal value in a vector and it’s index
@param vec An array of values
@param vec len The vector’s number of elements
@param max val Pointer where to store the maximum’s value
@param max_idx Pointer where to store the maximum’s index
/

void psk max( psk double* vec, /*[in]*/

% o ok X %

10 © ISO/IEC 2014 - All rights reserved
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psk uint32 vec len, /*[in]*/
psk_double* max val, /*[out]*/
psk _uint32* max_idx ); /*[out]*/

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

* psk min

Find the minimal value in a vector and it’s index

@param vec An array of values

@param vec len The vector’s number of elements

@param min val Pointer where to store the minimum’s value
@param min idx Pointer where to store the minimum’s index
/
void psk min( psk _double* vec, /*[in]*/
psk uint32 vec len, /*[in]*/
psk _double* min val, /*[out]*/
psk uint32* min idx ); /*[out]*/

* ok ok X x

/*****************************************************************************/
/**
* psk_add
* Calculate the sum of two complex numbers
* (@param a First summand
* (@param b Second summand
* (@return The complex result
*/
psk complex psk add( psk complex a /*[in]*/, psk coniplex b /*[in]*/ );

/*****************************************************************************/
Jx*
* psk _sub
Calculate the difference of two complex numbers
@param a Minuend
@param b Subtrahend
@return The complex result
/
psk _complex psk sub( psk complexyda /*[in]*/, psk complex b /*[in]l*/ );

P

/*****************************************************************************/
/**
* psk _cmpl mult
Calculate the product of two complex numbers
@param a First factor
@param b Second fdctor
@return The complex result
/
psk_complex pskocmpl mult( psk complex a /*[in]*/, psk complex b /*[in]*/ );

* ok o o of

/*‘k*‘k*‘k*‘k*****‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*********************************/
Jxx

* pskicmpl div

* _GaPculate the quotient of two complex numbers

% \@param a Dividend

X/ @param b Divisor

creturil e COIple result
*/
psk complex psk cmpl div( psk complex a /*[in]*/, psk complex b /*[in]*/ );

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

* psk _cmpl conj

* Get the complex conjugate of a number

* (@param a The complex number

* @return The complex conjugate of a

*/
psk _complex psk cmpl conj( psk complex a /*[inl*/ );

© ISO/IEC 2014 - All rights reserved
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/*****************************************************************************/
/**

* psk abs

* Get the absolute value of a complex number: sqrt (RE"2+IM"2)

*  (@param num The complex number

* (@return The absolute value

*/
psk _double psk abs( psk complex num /*[in]*/ );

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

/**
* psif cmpl vec mult
Cdlculate the product of vector elements with the same index and return
tHe result in a vector. This function makes use of #psk cmpl mult
THe two vectors must have the same length
@garam a Factors of first vector
@garam b Factros of second vector
@garam len The number of elments. Must be the same for a and b

* @feturn The complex product of a and b

*/
psk _cdmplex* psk cmpl vec mult( psk complex* a, /*[in]*/
psk_complex* b, /*[in]*/
psk uint32 len ); /*[in]*/

ok % ok X %

/****4************************************************************************/
/**
* psH vec abs

* Afgply #psk _abs on every complex element of a vector
* (@garam a The complex input values

* (@garam len The number of elements in vector a

* (@feturn The absolute values

*/

psk _dquble* psk vec abs( psk complex* a /*[in]X/A{ psk uint32 len /*[in]*/ );

/****J************************************************************************/
/**
* psl cmpl vec conj

* Agply #psk cmpl conj on every complex element of a vector
* (@garam vec The complex input values

* (@garam len The number of eleménts in vector vec

* (@feturn The complex conjugate” of vec

*/

psk_cqmplex* psk _cmpl vec ¢onj ( psk complex* vec, /*[in]*/
psk uint32 len); /*[in]*/

/****J************************************************************************/
/**
* pslf vec angle

* Agply the-bd¥lt in function atan2? on every complex element of a vector
* (@garam wec/The complex input values

*  (@garam- 1éh The number of elements in vector vec

*  (@fettirn’ The angle of every input element

*/

psk _doubIe¥ psk vec angle( psk complex* vec /*[1In]*/, psk uint3Z Ien /*[1In]*/ );

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

* psk variance

* Calculate the variance of the elements in a vector

* (@param vec The real number input values

* (@param len The number of elements in vector vec

* (@return The variance of the vector’s elements

*/
psk double psk variance( psk double* vec /*[in]*/, psk uint32 len /*[in]*/ );

12 © ISO/IEC 2014 - All rights reserved
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/*****************************************************************************/

/**

* psk std

* Calculate the standard deviation of the elements in a vector
* This function uses #psk variance and returns it’s square root
* (@param vec The real number input values

* (@param len The number of elements in vector vec

* @return The standard deviation of the vector’s elements

*

/
psk _double psk std( psk_double* vec /*[in]*/, psk uint32 len /*[inl*/ );

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

* psk normalize

* Normalize a vector’s elements. This function uses #psk vec abs and #psk/Max
* (@param vec The real number input values.

* (@param len The number of elements in vector vec

* (@return The normalized vector

*/
psk _double* psk normalize( psk double* vec, /*[in]*/

psk_uint32 len ); /*[in]*/

/*****************************************************************************/
/**
* psk cmpl normalize
* Normalize a vector’s complex elements both real amdd\Amaginary part separatly
* (@param vec The complex number input values.
* (@param len The number of elements in vector vec
* @return The normalized vector
*/
psk _complex* psk cmpl normalize( psk complex®svec, /*[in]*/
psk_uint3Z len ); /*[in]*/

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

* psk linspace

* Build a vector with a given gtart and stop value and defined step size
* (@param start The value of. thé first element

* (@param step The step size\“Difference between two consecutive elements
* (@param stop The value gf, the last element

* (@param len Pointer wheke to save the length of the vector

* @return The resultifig vector or NULL, if start >= stop

*/

psk_double* psk linspdce ( psk _double start, /*[in]*/
psk _double step, /*[in]*/
psk_double stop, /*[in]*/
psk _uint32* len ); /*[out]*/

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

* p8k*ridx linspace

» \Build a vector with a given start and stop value and defined step size.

X/ This function uses integer values, so the resulting vector can be used

IS5 d LI0EX1iNg VECLOTr LOr S1ignars.
@param start The value of the first element
@param step The step size. Difference between two consecutive elements
@param stop The value of the last element
@param len Pointer where to save the length of the vector
@return The resulting vector or NULL, if start >= stop
/
psk uint32* psk idx linspace( psk uint32 start, /*[in]*/
psk _uint32 step, /*[in]*/
psk _uint32 stop, /*[in]*/
psk uint32* len ); /*[out]*/

Ok K ok ok X

#endif //PSK_MATH_H
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/****************************************k‘k*k‘k*********k‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k/

/*** p
/***
/***
/‘k*k‘k

sk math.c

DESCIRPTION: Implementation of psk math.h

Contains the function implementation of used mathematical functions

for the VHBR PSK wave shape analysis tool

***/
***/
***/
‘k*k‘k/

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

#inclu
#incl

de

do

<stdlib.h>
math L

#incly
#incly
#incly

/ /===
psk dd
{
psk |
psk |

1f(
rqg

for
s

sum

rety

}

/ /===
psk cd
{
psk |
RE (
M (
psk |

1f(
rq

for

{
RH
N

}

RE (
IM(

rety

}

/ /==

de
de
de

“psk defines.h”
“psk types.h”
“psk math.h”

uble psk mean( psk double* vec, psk uint32 len )

double sum = 0.0;

uint32 idx;

len < 2 )
turn sum;

idx = 0; idx < len;
m += vec[idx];

idx++ )

/= (double) len;

rn ( );

sum

mplex psk cmpl mean( psk complex* vec, psk{uint32 len )

complex mean;
mean ) = 0.0;
mean ) = 0.0;
uint32 idx;

len < 2 )

turn mean;
idx = 0; idx < len; id&+% )

+= RE ( vecs1dx]

+= IM( yee[idx]

( mean )
( mean )

) ;
) ;

mean )
mean )

(dotuble) len;

/=
/=~Ndouble) len;

rn( mean/);

psk double* psk diff( psk double* vec , psk uint32 len )

{

psk double* diff = calloc( ( len - 1 ), sizeof(psk double)
psk uint32 idx;
for( idx = 0; idx < ( len - 1 ); idx++ )
diff[idx] = vec[idx + 1] - vec[idx];
return( diff );

void psk max( psk double* vec,

14

psk uint32 vec len,
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psk double* max val,
psk uint32* max idx )

if( vec == NULL )
return;
psk uint32 idx;
*max _val = vec[0];
*max_idx = 0;
for( idx = 1; idx < vec len; idx++ )

{

if ( vec[idx] > *max_val )
{
*max _val = vec[idx];
*max_idx = idx;

void psk min( psk double* vec,
psk uint32 vec len,
psk _double* min val,
psk uint32* min idx )

psk uint32 idx;

*min _val = vec[0];
*min _idx = 0;
for( idx = 1; idx < vec len; idx++ )

{
if( vec[idx] < *min val )
{
*min val = vec[idx];
*min_idx = idx;

psk complex psk add( psk complex“a, psk complex b )
{
psk complex sum;
RE( sum ) = RE( a ) + . RE¥
IM( sum ) = IM( a ) .+ JM(

return( sum ) ;

psk complex, psk sub( psk complex a, psk complex b )
{
psk cdmpiex diff;
RE ((diff ) RE (
IMEAiff ) IM(

- RE(
- IM(

a )
a )

oo

véturn( diff );

psk complex psk cmpl mult( psk complex a, psk complex b )
{
psk complex prod;
RE( prod ) = RE(
IM( prod ) = IM(

return( prod );

psk complex psk cmpl div( psk complex a, psk complex b )
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psk complex quot;

RE( quot ) = RE( a ) * RE( b ) 4+ IM( a ) * IM( b );
RE( quot ) = RE( quot ) / ( RE( b ) * RE( b ) + IM( b ) * IM( b ) );
IM( quot ) = IM( a ) * RE( b ) - RE(a ) * IM( b );
IM( quot ) = IM( quot ) / ( RE( b ) * RE( b ) + IM( b ) * IM( b ) );

return( quot );

psk _cqmplex psk cmpl conj( psk complex a )

{
psk |complex conj;
RE(|conj ) = RE( a );
IM(|conj ) = -IM( a );

retyrn( conj );

}

B B P e
psk dquble psk abs( psk complex num )
{
retyrn( sqgrt( pow( RE( num ), 2 ) + pow( IM( num ), 2 ) ) );
}
e Bt

psk _cqmplex* psk cmpl vec mult( psk complex* a,
psk complex* b,
psk uint32 len )

psk |complex *prod vec = calloc( len, sizeof (psk compiex) );
psk|uint32 idx;

for| idx = 0; idx < len; idx++ )
pgod vec[idx] = psk cmpl mult( a[idx], bl[idx] )’

retdyrn( prod vec );

e 7 i S S
psk dquble* psk vec abs( psk complex™ a, psk uint32 len )

psk |double *abs vec = calloc( len, sizeof(psk complex) );

psk|uint32 idx;

for| idx = 0; idx < leny; “dx++ )
aks vec[idx] = psk &bs'( alidx] );

retdyrn( abs vec )z

)
T

psk cdmplex* \pgk cmpl vec conj( psk complex* vec, psk uint32 len )

{
psk |complex *conj vec = calloc( len, sizeof (psk complex) );
psk Juif£32 idx;

for( idx = 0; idx < len; idx++ )
conj vec[idx] = psk cmpl conj( vec[idx] );

return( conj vec );

psk double* psk vec angle( psk complex* vec, psk uint32 len)

{
psk double *angle vec = calloc( len, sizeof (psk complex) );
psk uint32 idx;

for( idx = 0; idx < len; idx++ )

16 © ISO/IEC 2014 - All rights reserved


https://iecnorm.com/api/?name=8defe76fbda76f4c0f5bd28725aed94e

ps
{

ISO/IEC 10373-6:2011/Amd.5:2014(E)

angle vec[idx] = atan2( IM( vec[idx] ), RE( vec[idx] ) );
return( angle vec );
k double psk variance( psk double* vec, psk uint32 len )
psk double variance = 0.0;

psk double mean = psk mean( vec, len );
psk uint32 idx;

pPs
{

ps
{

ps
{

for( idx = 0; idx < len; idx++ )
variance += pow( vec[idx] - mean, 2.0 );
variance /= (double)len;

return ( variance );

k double psk std( psk double* vec, psk uint32 len )

psk double std deviation = 0.0;
std deviation = psk variance( vec, len );
return( sqrt( std deviation ) );

k double* psk normalize( psk double* vec, psk uint3%\len )

psk double max val = ABS( vec[0] );
psk double* norm vec = calloc( len, sizeof (psK)double) );
psk uint32 idx;

for( idx = 0; idx < len; idx++ )
{
if ( ABS( vec[idx] ) > max val )
max val = ABS( vec[idx] );

}

for( idx = 0; idx < len; idx##™)
norm vec[idx] = vec[idx].¥“max val;

return( norm vec );

k complex* psk ®mpl normalize( psk complex* vec, psk uint32 len )

psk double max abs = psk abs( vec([0] )

psk complex®/ norm vec = calloc( len, sizeof(psk_complex) ) ;
psk uin#32" idx;

psk ddubte tmp = 0.0;

/ LSfind absolute maxima
for( idx = 1; idx < len; idx++ )

{

TP — PSK_abs( cCTIoxXT
if( tmp > max abs )
max abs = tmp;

}

// normalize
for( idx = 0; idx < len; idx++ )
{
RE ( norm vec[idx] )
IM( norm vec[idx] )

}

RE( vec[idx] ) / max_abs;
IM( vec[idx] ) / max_abs;

return( norm vec );

© ISO/IEC 2014 - All rights reserved
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psk double* psk linspace( psk double start,
psk _double step,
psk double stop,
psk uint32* len )

*len = ABS( ( (stop - start ) / step ) ) + 1.0;
if( *len < 2 )
return ( NULL ) ;
psk double* out = calloc( *len, sizeof (psk double) );

psk |uint32 idx = 0;

out |idx] = start;
for{ idx = 1; 1dx < *len; idx++ )
oyt [idx] = out[idx - 1] + step;

retyrn( out );

}

e S oL
psk uilnt32* psk idx linspace( psk uint32 start,

psk uint32 step,

psk uint32 stop,

psk uint32* len )

if (|start >= stop || step == 0 )
rgturn ( NULL ) ;
*le = ( ( ( (psk double)stop - (psk double)start ) /
(psk _double)step ) + 1.0 );
psk|uint32 *out = calloc( *len, sizeof(psk uint32) )¢

psk |uint32 idx = 0;

out |idx] = start;
for{ idx = 1; 1dx < *len; idx++ )
oyt [idx] = out[idx - 1] + step;

retyrn( out );

/****J************************************************************************/

VAR e dsk dsp.h * k% [
/*** |DESCIRPTION: header of pgk dsp.c xHx/
Y Collection of functiofis® used for dsp in the PSK waveform xAx/
/*** |characteristics analgshs tool. *kk [

/****1************************************************************************/

#ifndqf PSK DSP_H
#defing PSK_DSP H

#inclyde “psk types.h”
#inclyde “psk-math.h”

/****i************************************************************************/
/**
* psi ‘compute butter lp coef

Computes The Iow-pass Iilter coefiicients of a 4th order Butterworth
IIR filter with a cut-off frequency of 120MHz
* (@param sample rate Sampling rate
* @return Struct with the b and a polynom coefficients
*/
psk butter coefs psk compute butter 1lp coef( psk double sample rate /*[in]*/);

* of

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

* psk antialiasing filter

* Filters the signal with a 4th order IIR filter. This function makes use of
* #psk compute butter lp coef to get the filter coefficients.

* @param v_in Input signal amplitude

* @param len in Length of v _in

18 © ISO/IEC 2014 - All rights reserved
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* (@param v_out ptr This pointer will be set to the array containing the

* output signal.

* (@param len out Length of the output signal

* (@param sample rate Sampling rate of the input signal

* @return error value as defined in psk defines.h

*/

psk_int32 psk antialiasing( psk_double* v_in, /*[in]*/

psk uint32 len in, /*[in]*/
psk_double** v out ptr, /*[out]*/
psk _uint32* len out, /*[out]*/
psk double sample rate ); /*[in]*

/*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k***‘k*‘k***‘k*‘k*‘k***********************/

/**

*

psk downsample

* resamples input signal to internal sampling rate (FS_INT)

* defined in “psk defines.h” using linear interpolation

* (@param samples in Array of amplitude values

* (@param time in Array of time values

* (@param len in Length of samples in and time in

* (@param samples out ptr Pointer to output array of amplitudes

* (@param time out ptr Pointer to output array of time values

* (@param len out Length of output arrays

* @return error value as defined in psk defines.h

*/

psk _int32 psk downsample ( psk _double* samples in /X [inT*/,

psk_double* time in /¥ linl*/,
psk uint32 len in ¥ [inl*/,
psk _double** samples out g tx\/*[out]*/,
psk _double** time out ptr /*[out]*/,
psk_uint32* len out /*[outl*/ );

/*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k***‘k*‘k***‘k*‘k*‘k***********************/

/**

*

psk ma filter

* Moving average implementation

* (@param samples in Array of amplitude” values

* (@param len in Length of samples_@n

*  (@param samples out ptr Pointer’\fo output array of amplitudes

* (@param len out Length of output array

* (@param len filter Window sigg of the moving average filter

* (@return error value as defined in psk_defines.h

*/

psk int32 psk ma filter (. psk double* samples in /*[in]*/,

psk uint32 len in /*[inl*/,
psk_double** samples out ptr /*[out]*/,
psk_uint32* len out /*[out]*/,
psk uint32 len filter /*[inl*/ );

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

* psk maffilter cmpl

Moving~average on a complex input signal: real and imaginary part are
eath)MA filtered

@param samples in Array of amplitude values

@param len in Length of samples in

@param samples out ptr Pointer to output array of amplitudes

HNE X X

cpaldll ISl OUl LENglll 0L Outpul 4drrtdy
* (@param len filter Window size of the moving average filter
* @return error value as defined in psk defines.h

*/
psk int32 psk ma filter cmpl( psk complex* samples in /*[in]*/,
psk _uint32 len in /*[inl*/,
psk _complex** samples out ptr /*[out]*/,
psk uint32* len out /*[out]*/,
psk _uint32 len filter /*[inl*/);

/*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k***‘k*‘k***‘k*‘k*‘k***********************/

/**
* psk FIR filter
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* finite impulse response filter

* (@param b Polynomial ff filter coefficients “Direct Form II Transposed”

* (@param num_coef Number of coefficients

* (@param sample in Array of amplitude values

* (@param len in Length of sample in

* @return filter signals of the same length as input signal

*/

psk _double* psk FIR filter( psk double* b /*[in]*/,

psk_uint32 num coef /*[inl*/,
psk_double* sample in /*[in]*/,
psk uint32 len in *[din]*/);

/****%************************************************************************/

/**
* psj FIR filter cmpl

* cqmplex finite impulse response filter “Direct Form II Transposed”

* (@garam b Complex valued polynomial ff filter coefficients

* (@garam num_coef Number of coefficients

* (@garam sample in Complex samples in (arra of amplitude values)

* @garam len in Length of samples

*  (@feturn complex filter signals of the same length as input signal

*/

psk _cqmplex* psk FIR filter cmpl( psk complex* b /*[in]*/,

psk uint32 num coef /*[in]*/,
psk complex* sample in /*[in]*/}
psk uint32 len in /*[ind*/);

/****ﬂ************************************************************************/

/**

*

ps} demodulation

* Hdmodyne demodulator (IQ demodulator)

* (@garam samples in Array of amplitude values

* (@garam time in Array of time values

* (@garam len Length of inputs

* (@garam v_out bb complex output signal in kaseband of size len

* @geturn nothing

*/

void gsk demodulation( psk double* samples in /*[in]*/,

psk double* time in /*[in]*/,
psk_uint32 Ien /*[in]*/,
psk_complex*X*v out bb  /*[out]*/);

/****%************************************************************************/
/**
* psi exp 1li wt

* cqmplex multiplication With exp(j *w*t) term

* (@garam v_in bb Arrayof amplitude values

* (@garam time in Apray of time values

* (@garam len Length-0Of inputs

* (@garam freqg Fgeguency parameter for computing ‘w’
* (@garam v_out\bb complex output signal in baseband
* (memOYy not allocated in function)

*  (@feturn wotfhing

*/
void gsk/exp 1i wt( psk complex* v in bb /*[in]*/,
psk _double* time in /*[in]*/,
DSK _uint32 Ten *Tinl*/,
psk _double freq /*[inl*/,
psk complex** v _out bb /*[out]l*/);

/*****************************************************************************/
/**
* psk derotation
derotate input baseband signal by frequency £
@param v_in bb Complex valued array of amplitude values
@param time in Array of time values of v in bb
@param len Length of input arrays
@param v_out bb complex output signal in baseband
(memory not allocated in function)
@return error value as defined in psk defines.h

* ok X o ok X %
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*/
psk _int32 psk derotation( psk complex* v_in bb /*[in]*/,
psk_double* time in /*[in]*/,
psk uint32 len /*[in]*/,
psk _complex** v _out bb /*[out]*/);

/*****************************************************************************/
/**
psk estimate carrier freq

estimate frequency difference of input signal to demodulation signal

@param v_in bb (complex valued arravy)

@param len unmod Length of unmodulated signal

@return frequency error [Hz]
/
psk_double psk estimate carrier freqg( psk complex* v_in bb /*[in]*/,
psk uint32 len unmod /*[in]*/);

* ok ok X x

/*************************************************************************‘k***/

/**

* psk cross_coveriance

* resample signal by rate ‘osf’ using nearest neighbor interpolation

* @param v_inl (complex valued array)

* @param len inl Length of v_inl

*  @param v_in2 (complex valued array)

* Q@param len in2 Length v_in2

* (@param lags The signals are shifted ‘lags’ times

*  @param v_out Complex valued array containing the xcow.function of v_inl and

* v_in2

* @param lagIdx vec Array of lag indices

* (@return error value as defined in psk_defines.h

*/

psk int32 psk cross covariance( psk complex* v @nl /*[inl*/,

psk uint32 Yen inl /*[inl*/,
psk_complex¥ )v_in2 /*[inl*/,
psk_uint3% len in2 /*[inl*/,
psk_uind32 lags /*[inl*/,
psk_complex** v_out /*[out]*/,

psk_@nt32** lagldx_vec /*[out]*/);

/*****************************************************************************/
/xx
* psk ff 1ms
System identification ustng LMS algorithm
@param v_inl (complex Vvalued array ==> reference data (send data))
@param v_in2 (complgx valued array ==> filtered data (received data)
@param len Lengtir N> inl, v_in2
@param n_taps (fikfer length used for SI)
@return complex ‘filter coefficients

/

* k% kb ok ok

psk_complexy~psk ff Ims( psk complex* v_inl /*[in]*/,
psk_complex* v_in2 /*[in]*/,
psk uint32 len /*[in]*/,
psk uint32 n_taps /*[inl*/);

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

/**

X/psk cross coveriance

TTSSaMpie S19Nal DYy TdrLe OSi USiNg NEarest Neighnpor L1Nterpotarion
* @param v_in (input phase array in radians)
*  @param len in Length of v_in
* @return v_out Unwrapped output phase array in radians
*/
psk_double* psk unwrap (psk double* v_in /*[in]*/, psk uint32 len in /*[in]*/);

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

* psk get phase noise

calculate the differential phase noise of a given complex signal

@param sig Complex signal of an unmodulated carrier sequence

@param sig len The number of samples in sig

*

*

*
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* (@param phase noise Pointer where to store the result
* (@return error value as defined in psk_defines.h
*/
psk _int32 psk get phase noise( psk complex* sig, /*[in]*/
psk uint32 sig len, /*[in]*/
psk_double* phase noise ); /*[out]*/

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

/**

*

psk_isi param

* cdlculate the differential phase noise of a given complex signal
* (@garam sig bb int Grid aligned complex input BB signal
* (@garam sig bb len The number of samples in sig bb int
* (@garam isi m Pointer where the ISI magnitude [EPI] will be stored
* (@garam isi d Pointer where the ISI rotation [degree] will be stored
* (@garam phase range Pointer where the measured phase range will be stored
* (@garam sig out Pointer where the grid aligned signal at symbol rate will
* be stored
* (@feturn error value as defined in psk defines.h
*/
psk _int32 psk isi param( psk complex* sig bb int, /*[in]*/
psk _uint32 sig bb len, /*[in]*/
psk _double* isi m, /*[out]*/
psk _double* isi d, /*[out]*/

]
psk_double* phase range, /*[out]*/
psk_complex** sig out ); /*[out]*/

/***J*************************************************************************/

/**

* psf re align symbol grid

* align the PSK modulated input signal to the refigrence SOC signal

* (@garam v_in Complex base band signal

* (@garam len The number of samples in v_in

* (@garam strt idx Pointer to fileld storing the\index of the starting point

* (@garam end idx Pointer to field storing the/ index of the end point

* (@feturn error value as defined in psk_défines.h

*/

psk dnt32 psk re align symbol grid( psk complex* v in, /*[in]*/
psk uint32 len, /*[in]*/
psk uint32* strt idx, /*[out]*/

(

psk uint32* end idx ); /*[out]*/

/***%*************************************************************************/
/**
* psi find approx delay

allign the PSK moduléted input signal to the reference SOC signal

@garam v_ref in Cemplex reference base band signal

@garam ref len Ahe/number of samples in v_ref in

@garam v_in Compdex base band signal

@garam len The‘number of samples in v _in

@garam maxSshift Maximum shift used for cross-covaraince computation
* @garam delay
*  Q@fetumiNerror code as defined in psk defines.h

* ok X ok ok X

*/

psk _Inf82 psk find approx delay( psk complex* v ref in, /*[in]*/
PSK_Uinmt3Z2 Tref Ierm, e
psk_complex* v_in, /*[in]*/
psk uint32 len, /*[in]*/
psk uint32 max shift, /*[in]*/
psk uint32 *delay ); /*[out]*/

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

#endif // PSK DSP H

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

/*** psk dsp.c >k
/*** DESCIRPTION: Implementation of psk dsp.h xAx/
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/*** Contains the function implementation of used DSP functions xHEx/
/*** for the VHBR PSK wave shape analysis tool *xx/
/*****************************************************************************/
#include <math.h>

#include <string.h>

#include <stdlib.h>

#include <stdio.h>

#include “psk defines.h”
#include “psk types.h”
#include “psk math.h”

#include “psk dsp.h”

psk butter coefs psk compute butter 1p coef( psk double sample rate )
{

psk uint32 i = 0;

psk uint32 butter order = ( BUTTER SIZE A - 1 );

psk _double wd = 120e6 * 2*M PI; // cutoff frequency in radians ==> 126 Mhz

psk double Ts = 1.0 / (psk double)sample rate;

psk double wa = 0.0;

psk double wa p2 = 0.0;

psk double g = 0.0;

psk double a biquad[3 * butter order / 2];

psk double b biquad[3 * butter order / 2 ];

psk double norm fact = 0.0;

psk butter coefs coefs;

memset ( a biquad, 0, 3 * butter order / 2 );
memset ( b_biquad, 0, 3 * butter order / 2 );

if ( butter order == ) // filter order mustsbe greater then Zero and even
return( coefs );

if ( butter order % 2 ) // filter orderNmust be even
return (coefs);

// Step 1: pre-warping of cut-off frequency
wa = tan( wd * Ts / 2.0 );
//wal = 2.0 / Ts * wa;

wa_p2 = pow( wa, 2 );
// Step 2: compute biquad filter coefficients

for( i =0 ; i < (/butter order / 2 ); i++ )
{
norm fact = 180+ 2.0 * cos( M PI * ( 2.0 * (psk double)i + 1.0 ) /
(*2.0 * (psk double)butter order ) ) * wa + wa p2 ;
g = wa_p2-/~norm_fact;

b biguadi{i * 3 ] =1.0 * g;

b bigtad[i * 3 + 1] = 2.0 * g;

b.kiguad[i * 3 + 2] = 1.0 * g;

a biquad[i * 3 1] =1.0;

a _biquad[i * 3 + 1] = ( 2.0 * wa p2 - 2.0 ) / norm fact;

d_uiquduLi 3 10— v TOS( M_P1 { Y \pbK_uOuDLe)L 1.0 )

—=
(2.0 * (psk double)butter order ) ) * wa + wa p2 ) / norm_ fact;
}

// compute polynomial from 2 biquads (SOS)
if ( butter order == )
{
// (a0*s”2+al*s+a2) * (b0*s"2+bl*s+b2)= s74 (a0*b0)+s"3 (al*b0+al0*bl)+s"2 (a2*b0+al*bl+al*b2
y+s (a2*bl+al*b2) +a2*b2
coefs.b[0] = b biquad[0] * b biquad[3];
coefs.b[l] = b biquad[l] * b biquad[3] + b biquad[0] * b biquad[4];
coefs.b[2] = b biquad[2] * b biquad[3] + b biquad[l] * b biquad[4] + b biquad[0] * b
biquadl[5];
coefs.b[3] = b biquad[2] * b biquad[4] + b biquad[l] * b biquad[5];
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coefs.b[4]

b biquad[2] * b biquad[5];

coefs.al[0] a biquad[0] * a biquad[3];
coefs.a[l] = a biquad[l] * a biquad[3] + a biquad[0] * a biquad[4];
coefs.al2] a biquad[2] * a biquad[3] + a biquad[l] * a biquad[4] + a biquad[0] * a

biquad[5];

coefs.al[3] a biquad[2] * a biquad[4] + a biquad[l] * a biquad[5];
coefs.al4] = a biquad[2] * a biquad[5];

retyrn( coefs );

psk int32 psk antialiasing( psk double* v in,

psk uint32 len in,

psk double** v out ptr,
psk uint32* len out,
psk_double sample rate )

psk |double len butter out = (psk _double)len in - (psk double)BUTTER|SIZE A;
psk |double* v _out = calloc( sizeof (psk double), len butter out );
if (|v_out == NULL )

rdturn( PSK_ERR_OUT OF MEM );

psk |double* out tmp = calloc( sizeof (psk double), len in )

if
{

}

psk|int32 i = 0

(lout tmp == NULL )

if( v_out )
free( v_out );

rdturn( PSK_ERR_OUT OF MEM );

o~

psk|uint32 t 0O 0;
psk|uint32 t 1 = 0;
psk|uint32 t 2 = 0;
psk|uint32 t 3 = 0;
psk|uint32 t 4 0;
psk |butter coefs coefs;

coefls = psk compute butte¥ lp coef( sample rate );
for{ i = 0; 1 < len ify 4i++ )

24

if( i < BUTTER SIZE A - 1)

t 0 = fmax®\0, 1i ) ;
t 1= fmax¢ 0, 1 -1 );
t 2 =fmax( 0, i - 2 );
t 3 fmax( 0, i - 3 );
t AN fmax( 0, 1 - 4 );
out/tmp[i] = coefs.b[0] * v _in[t 0] + coefs.b[1l] * v in[t 1] +
(Sle]SR SIS ON | — It 2+ coets.pti3] — It 3T
coefs.b[4] * v in[t 4] -
( coefs.a[0] * out tmp[t 0] + coefs.a[l] * out tmp[t 1] +
coefs.al[2] * out tmp[t 2] + coefs.a[3] * out tmp[t 3] +
coefs.af[4] * out tmp[t 4] );
}
else
{
out tmp[i] = coefs.b[0] * v _in[i] + coefs.b[1l] * v in[i - 1] +
coefs.b[2] * v _in[i - 2] + coefs.b[3] * v _in[i - 3] +
coefs.b[4] * v _in[i - 4] -
( coefs.a[0] * out tmp[i] + coefs.a[l] * out tmp[i - 1] +
coefs.al[2] * out tmp[i - 2] + coefs.a[3] * out tmp[i - 3] +
coefs.al4] * out tmp[i - 4] );
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}
if( i > BUTTER SIZE A - 1 )
{
v_out[i - BUTTER SIZE A]
}
}

*v_out ptr
*len out

v_out;
len butter out;

if ( out tmp )

ISO/IEC 10373-6:2011/Amd.5:2014(E)

out tmpf[i];

free( out tmp );
out tmp NULL;

return( PSK ERR OK );

psk int32 psk downsample( psk double*
psk _double*
psk uint32
psk double**
psk _double**
psk uint32*

psk uint32
psk _double
k i 1;
dy d tl
psk double

k, 1i;

dy, d tl, d t2;

= 0:

d t2 ;
= 1.0 / (psk_doubl

t step

psk _double* t out
psk uint32 vec size;
t out

NULL;

psk _double* v out
if( v_out == NULL )
return( PSK _ERR OUT OF MEM );

calloc( vec size

v_out[0] = samples in[0];
for( i = 1; 1 < vec_size; ik%)
{
k==;
while ( t out[i] > ¢ime in[i+k] )
{
k++;
}
d y = samp}kes*in[ i + k ] - sample
d t1 = timein[ 1 + k ] - time in]|
d t2 = tat[ 1 ] - time _in[ i + k -
v_outfé]t= samples in[ 1 + k - 1 ]
}
*samples out ptr = v_out;
*time out ptr = t out;

¥en out vec size;

// indexing counters

psk linspace( time in[0], t

samples in,

time in,

len in,
samples out ptr,
time out ptr,
len out)

e)FS_INT;

stepA Bime in[len in - 1], &vec size );

’ )i

Sizeof (psk _double)

s in[ i + k - 1 1;
11

i+ k -
11
dy *

+ (dt2 /dtl);

return( PSK ERR OK );

//

psk int32 psk ma filter ( psk double*
psk uint32
psk double**
psk uint32*
psk uint32

psk double out sum,
psk uint32 i, k;

out sum prev, a

© ISO/IEC 2014 - All rights reserved
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len in,
samples out ptr,
len out,

len filter )

_prev;
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out sum = out sum prev = a prev = 0;
psk _double* filt buffer = NULL;
psk uint32 N out = len in - len filter;
if( N out < 1)

return( PSK ERR PARAMETER ) ;

i =%k =0;
filt buffer = calloc( len filter, sizeof (psk double) );

if ( filt buffer == NULL )
return ( PSK_ERR_OUT OF MEM ) ;

psk |double* v out = calloc( N out , sizeof (psk double) );
if (|v_out == NULL )
{
fgee ( filt buffer );
rgturn( PSK_ERR OUT OF MEM );

for{ i = 0; i < len in; i++ )

a |prev = filt buffer[len filter - 1];

fqr( k = len filter - 1; k > 0; k--)
filt buffer[k] = filt buffer(k - 1];

filt buffer[0] = samples inf[i];

oyt sum prev = filt buffer[0] - a prev;
oyt sum += out sum prev;

if( i > len filter - 1 )

v_out[i - len filter] = out sum / (psk double)len)filter;

if

filt buffer )
fgee ( filt buffer );

*sanples out ptr = v out;
*lerp out = N out;
retyrn( PSK ERR OK );

psk _int32 psk ma filter cmpl( psk ‘complex* samples in,

psk uint32 len in,

psk complex** samples out ptr,
psk uint32* len out,

psk uint32 len filter )

psk |complex out sam,/out sum prev, a prev;
psk|uint32 i, kg

RE ( fout sum ) _&J\RE( out sum prev ) = RE( a prev ) 0.0;
IM( |out sum )¢= IM( out sum prev ) = IM( a prev ) = 0.0;
psk |complex* Jfilt buffer = NULL;
psk Juint32=N out = len in - len filter;
if (N out/ < 1)

rqg i ( PSK_ERR_PARAMETER )
i=%k=0;
ﬁlt_buffer = calloc( len_ﬁlter, sizeof(psk_complex) )
if ( filt buffer == NULL )

return( PSK_ERR OUT OF MEM ) ;
psk complex* v out = calloc( N out , sizeof (psk complex) );

if( v_out == NULL )
{

free( filt buffer );

return( PSK _ERR OUT OF MEM );
}
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for( i
{
a prev = filt buffer[len filter - 1];
for( k len filter - 1; k > 0; k--)

filt buffer[k] filt buffer(k - 1];

0; 1 < len in; i++ )

filt buffer[0]
out sum prev
out sum

samples inf[i];

= psk _add( out sum, out sum prev );

if( i > len filter = 1 )

psk sub( filt buffer[0] , a prev

ISO/IEC 10373-6:2011/Amd.5:2014(E)

{
RE( v_out[i - len filter] )
IM( v_out[i - len filter] )

= RE( out sum

= IM( out sum
}

}

if ( filt buffer )
free( filt buffer );

*samples out ptr
*len out N out;

v_out;

return( PSK ERR OK );

//

psk complex* psk FIR filter cmpl (
psk uint32
psk complex*
psk uint32

psk uint32 i, k;
psk uint32 idx ptr, idx;
i k idx ptr idx
psk complex* circ buffer
psk _complex* out
psk complex y, res mult;

0;
= calloc( num coef,
calloc(@ien in,

for( i

{

circ buffer[idx ptr]

0; 1 < len in; i++. )

Sample in[i];

idx ptr = ( (idx ptg,+ 1) % num coef);

RE(y) = 0.0;

IM(y) = 0.0;

for( k = 0; X\<‘num coef; k++ )

{
idx = [(~%Jdx ptr + k ) % num coef );
res mult/= psk cmpl mult( b[num coef - k
y =% sk add( y, res mult );

}

out[i] = y;

}

Vf ( circ buffer )

psk _complex* b,

)/
)/

(psk double) len filter;
(psk _double) len filter;

num_ ¢oef,
sanmp4& in,
kerNin )

sizeof (psk complex) );
)

sizeof (psk complex)

’

1], circ buffer[idx]

);

frest—TiTe butfer

return( out );

//
psk double* psk FIR filter( psk double* b,

psk uint32 num coef,
psk double* sample in,
psk uint32 len in )
{
psk uint32 i, k;
psk uint32 idx ptr, idx;
i =k = idx ptr = idx = 0;

© ISO/IEC 2014 - All rights reserved
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psk double* circ buffer = calloc( num coef, sizeof (psk double) );
psk double* out = calloc( len in, sizeof (psk double) );
psk _double y;
for( i = 0; 1 < len in; i++ )
{
circ buffer[idx ptr] = sample in[i];
idx ptr = ( ( idx ptr + 1 ) % num coef );
y = 0.0;
for (k = 0; k < num coef; k++)
{
idx = ( ( idx ptr + k ) % num coef );
y = ( b[num coef - k - 1] * circ buffer[idx] );
}
oyt[i] = y;

if

circ buffer )
fdee( circ buffer );

retyrn( out );

A B e
void gsk demodulation( psk double* samples in,

psk double* time in,

psk uint32 len,

psk complex** v out bb )

psk|uint32 1 = 0;
psk |double w ¢ = 2.0 * (psk double)M PI * FC;

psk |complex* v_out bbl = calloc( len, sizeof (psk complex) );
for{ i = 0; 1 < len; i++ )

RE( v_out bbl[i] ) = samples in[i] * c@s( w c * time in[i] );
IN( v out bbl[i] ) = -1.0 * samples Wn[i] * sin( w c * time in[i]

*v_qut bb = v out bbl;

A

void gsk _exp 1i_wt( psk_compléx* v_in bb,
psk_dopbhe* time in,
psk uint32 len,
pski\double freq,
pskycomplex** v out bb )

psk |complex* ouf bb = calloc( len, sizeof (psk complex) );

psk|uint32 idxX\="0;

psk |double w ™= 2.0 * (psk double)M PI * freq;
psk |complex. drg2;

for{ idx.~= 0; idx < len; idx++ )

)

RET argZ ) = cosI( w ¢ * time In[1dx] )7
IM( arg2 ) = sinl( w c * time in[idx] );
out bb[idx] = psk cmpl mult( v _in bb[idx], arg2 );

}
*v_out bb = out bb;

R
psk int32 psk derotation( psk complex* v _in bb,

psk double* time in,

psk uint32 len,

psk complex** v out bb )
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psk complex* ma out = NULL;
psk uint32 filter len = 4.0 *
psk uint32 ma len = 0;

psk int32 status = 0;

psk double fc err = 0.0;

status = psk ma filter cmpl( v_in bb,

(psk_double)FS INT /

ISO/IEC 10373-6:2011/Amd.5:2014(E)

(psk _double) FC;

(psk_uint32) IDX_ UNMOD,

&ma_out,
&ma len,

filter len );
fc err =

fc err *= ( -1.0 * (psk double)FS INT );
psk exp 1i wt( v_in bb, time in, len,

return( status );

//

psk double psk estimate carrier freq( psk complex* v in bb,

psk uint32
{

psk complex* v in diff =
psk complex* v derotated bb =
psk double* re v in norm =
psk double* im v in norm =
psk double* re diff, *im diff,
re diff = im diff = phase =
psk double *derotate idx =

NULL;

calloc( len unmod,

calloc( len unmod,
*phase, *v_abs;
v_abs = NULL;

NULL;

psk uint32 idx, idx len;

psk:double cmp abs, mu v _abs, FcEst, EcEst 2, phase rot;

idx = idx len = 0;

psk uint32 mul end idx= 0;

psk_double mu_phase start, mu_phase end;
mu_phase start = mu phase end & 0.0;

e
// 1 Step: frequency estimate based on first derivative
// normalize to abs of ;each element
B S
for( idx = 0; idx *“len unmod; idx++ )
{

cmp abs = pskrabs( v_in bb[idx] );

re v _in nerm[idx] = RE( v_in bb[idx] ) / cmp abs;

im v_#m\norm[idx] = IM( v_in bb[idx] ) / cmp_ abs;

}

/ LScompute first difference
re diff = psk diff( re v _in norm,
um diff = psk diff( im v _in norm,

len unmod );
len unmod );

psk estimate carrier freq( ma out, ma len );

fc err, v _out bb );

calloc( len unmod - 1,

len unmod )
sizeof (psk complex)

);
);

sigeof (psk double)
g§izeof (psk double)

// form complex vector

for( idx = 0; idx < ( len unmod - 1 ); idx++ )
{
RE( v_in diff[idx] ) = re diff[idx];
IM( v_in diffl[idx] ) = im diff[idx];
}
// computs complex abs
v_abs = psk vec abs( v_in diff, ( len unmod - 1 )

mu v _abs = psk mean( v_abs, ( len unmod - 1 ) );
// estimated frequency offset to FC

FcEst = asinl( ( mu v abs / 2.0 ) ) /
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derotate idx = psk linspace( 1.0, 1.0, (psk double)len unmod, &idx len );

// derotate signal for step 2 of frequency offset determination
psk exp 1i wt( v_in bb, derotate idx,

len unmod,

(-1.0) * FcEst,

&v_derotated bb );

// compute phase
phase = psk vec angle( v _derotated bb, len unmod );
// unwrap phase

psk |double* uw phase = psk unwrap( phase, len unmod );

// {ree not use memory

freq(re v _in norm); re v_in norm = NULL;

freq (im v _in norm); im v_in norm = NULL;

fredq (re diff); re diff = NULL;

freq (im diff); im diff = NULL;

fregq (v_abs); v_abs = NULL;

freq (v_derotated bb); v derotated bb = NULL;

fred (phase) ;

A T
// Ytep 2: fine estimate of frequency difference to FC based on

// d4lope computation

A e
mul |end idx = len unmod / 2;

// dompute mean of start and end section
mu_ghase start = psk mean( uw phase, mul end idx );

for{ idx = mul end idx - 1; idx < len unmod; idx++ |
my phase end += uw phase[idx];

mu_ghase _end /= (psk_double) ( len unmod - mulSénd idx + 1 );

// qompute slope and transform to frequencyerror with respect to FC
phage _rot = mu_phase_end - mu_phase_start;

FcE4t 2 = phase rot / 2.0 / (psk douklie)M PI /

( ( (psk double)len unmodr;~ 1.0 ) / 2.0 );
// domplete frequency difference . .fo FC
FcE4t += FcEst 2;

freq ( uw phase );
phade = NULL;

freq ( derotate idx );
derqtate idx = NULL;

retyrn( FcEst );

}

e e
psk_int32 psk_¢ross_covariance( psk_complex* v_inl,

psk uint32 len inl,

psk _complex* v in2,

psk uint32 len in2,

PSK_ULIt3 T30S,

psk complex** v out,
psk_int32** lagIdx vec )

psk complex mu inl, mu in2;
psk uint32 lagldx len, i;
lagldx len = 1 = 0;

psk complex* v _inl wo mu = calloc( len inl, sizeof (psk complex) );
psk _complex* v _in2 wo mu = calloc( len in2, sizeof (psk complex) );

// compute mean of input signal

mu_inl = psk cmpl mean( v_inl, len inl );
mu_in2 = psk cmpl mean( v_in2, len in2 );
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// subtract mean
for( i = 0; i < len in2; i++ )
v_1in2 wo mu[i] = psk sub( v_in2[i], mu in2 );

// compute conjugate complex
v_in2 wo mu = psk cmpl vec conj( v_in2 wo mu, len in2 );

// subtract mean
if( lags == )
{

psk complex resl;

psk complex* outl = calloc( 1, sizeof (psk complex) );
psk int32* lagIdxl = calloc( 1, sizeof(psk int32) );
*lagIdxl = 0

RE (*outl) = 0.0;
IM(*outl) = 0.0;
for( i = 0; 1 < len inl; i++ )
v_inl wo mu[i] = psk sub( v_inl[i], mu inl );
for( i = 0; i< len_inl; i++ )
{
resl = psk cmpl mult( v_inl wo mu[i], v_in2 wo mu[i] );

*outl = psk add( *outl, resl );
}

*v_out = outl;
*lagldx vec = lagldxl;
}
else
{
psk _complex* out = NULL;
psk double* lagIdx = NULL;

for( i = 0; i < len inl; i++ )
v_inl wo mu[len inl - ( 1 + i )] =Mpsk sub( v_inl[i], mu_inl );

out = psk_FIR filter cmpl( v_inl @p mu, len_inl, v_in2 wo_mu, lags );
lagIdx = psk linspace( (psk deubile) ( len inl - 1 ),
-1.0,
(pskydouble) len inl - (psk double)lags ,
&lagldx len );

psk int32* lagldx int32 = calloc(lagIdx len, sizeof(psk int32) );

for( i = 0; i < A4gidx len; i++ )
lagIdx int32[i}= (psk _int32)lagIdx[i];

if ( lagldx, den != lags )
{
if( Lag¥dx )
free lagldx );
ladgTdx = NULL;

*f( lagIdx int32 )
free( lagIdx int32 );
lagIdx_int32 = NULL;

LTSeLUrLlllt Fon BERK OSO1IGNAL LN MIOSNMAITCTLH ],

}

*v_out = out;
*lagldx vec = lagldx int32;

if( lagIdx )
free( lagldx );
lagIdx = NULL;
}

if( v_inl wo mu )
free( v_inl wo mu );
v_inl wo mu = NULL;
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if( v_in2 wo mu )
free( v_in2 wo mu );
v_in2 wo mu = NULL;

return( PSK ERR OK );

psk dauble* psk nnwrap( psk donble* v in psk 11intl32 len in )

psk|uint32 idx, k p, k n;
idx|= k p =k n = 0;
psk |double* out = calloc( len in, sizeof (psk double) );

psk |double* in diff = NULL;

in qiff = psk diff( v_in, len in );
out 0] = v _in[0];

for| idx = 1; idx < len in; idx++ )

if( in diffl[idx - 1] >= (psk_double)M PI )

k p+=1;
if( in diff[idx - 1] <= ( -1.0 * (psk double)M PI ) )
k n+=1;

oyt [idx] = v_in[idx] +
( ( (psk double)k n - (psk double)k p ) #¥02.0 * (psk double)M PI );

freq( in diff );
in diff = NULL;

retyrn( out );

A B Y
psk gomplex* psk ff Ims( psk complex* winl,

psk complex*sy inZ2,

psk uint32 len,

psk uint32 n taps )

psk|uint32 i, k;

i =lk = 0;

psk |complex* shift reg =(talloc( n taps, sizeof(psk complex) );
psk |double lambda, tmp,. tdu, mu;

lamijda = tmp = tau =mu = 0.0;

psk |double slowDowm~s\1.4; // default: 1.0

psk |complex mu_inT ="psk cmpl mean( v_inl, len );
psk |complex* h est’= calloc( n_taps, sizeof(psk complex) );
psk |complex* hiest out = calloc( n taps, sizeof (psk complex) );

for{ i =071 < len; 1i++ )

tnp\5"psk_abs( psk sub( v _inl[i], mu inl ) );

lambda += pow( tmp, Z ),
}

lambda *= ( 1.0 / ( (psk double)len - 1.0 ) );
tau = (psk _double)len / ( 9.0 / slowDown );
mu= (1.0 - expl( -1.0 / tau ) ) / lambda;

psk complex update val, err, g;
psk complex* conj shift reg;
psk _complex* g vec;

// initialize h est

RE( h est[0] ) = 0.1;

for( i = 0; i < len; i++ )

{
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for( k = n taps - 1; k > 0; k--)
shift reg(k] = shift regl[k - 1];
shift reg[0] = v _inl[i];
g vec = psk cmpl vec mult( h est,
RE( g ) = 0.0;
IM( g ) = 0.0;
for( k = 0; k < n_taps; k++ )
g = psk_add( g, g vec[k] );

err = psk sub( v_in2[i], q );
RE( err ) = RE( err ) * mu;
IM( err ) = IM( err ) * mu;

conj shift reg = psk cmpl vec conj( shift reg, n tepé );

for( k = 0;
{

k < n_taps; kt++ )

update val = psk cmpl mult( conj shift regykl], err );
h est[k] = psk add( h est[k], update vazr );

}
if ( conj shift reg )
{
free( conj shift reg );
conj shift reg = NULL;
}

h est out = psk cmpl vec cong\( h est, n taps );

}

// free memory

if( h est )
free( h est );

if( shift reg )
free( shift reg g

return( h_est ot *);

psk int32 psk-get phase noise( psk complex* sig,
sig len,
phase noise )

psk uint32
psk double*

psk_double dpn = 0.0;
psk double downsample factor = round(

shift reg, n taps );

// differential phase noise value
(psk _double)FS INT * ETU );

PSK_Uimmt3
psk uint32 step
psk uint32 stop =
psk uint32 len = 0;

Stadl'l = Uy
downsample factor;
(psk _double) IDX UNMOD;

psk uint32* idx vec = psk idx linspace( start,

if ( idx vec == NULL )
return( PSK_ERR OUT OF MEM );

if( sig len < stop ||
{
if( idx vec )
free( idx vec );
return( PSK _ERR INVALID SAMPLE VEC );
}

sig len < len )
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// get the right symbols
psk complex ig symbols[len];
psk uint32 idx;

for (

idx = 0; idx < len; idx++ )

ig symbols[idx] = sig[ idx vec[idx] ];

// get angles of elements

psk

phi
1f(

double* phi = NULL;
= psk vec angle( ig symbols, len );
phi == NULL )

{

if

rqg

}

// g
psk |
if(
{

id

rqg

}
// 4
for

dy

dpn
ETU)

dpn
*phg
// q

if (
f1

rety

( idx vec )
free( idx vec );
turn( PSK_ERR OUT OF MEM ) ;

et error of angles
double* phi err = psk diff( phi, len );
phi err == NULL )

( idx vec )

free(_idx_vec ) ;
turn( PSK_ERR OUT OF MEM );

et rms value of phase noise.
(idx = 0; idx < ( len - 1 ); idx++ )
n += pow( phi err[idx], 2.0 );

= sqgrt( dpn / (psk_double) (len - 1) ) - 0.01 * ( (psk_double)FC/4.0 * (psk_double)
(M PI/180.0); // subtract machine-internal noiég

/= ( EPI * (psk _double)M PI / 180.0 );
se noise = dpn ;

lean up

phi )

ee( phi );

phi err )
ee( phi err );

idx vec )
ee( idx vec );

rn ( PSK ERR OK )%

t32 psk_is¥\param( psk complex* sig bb int,

psk uint32 sig bb len,
psk double* isi m,
psk _double* isi d,
psk _double* phase range,

psk complex** sig out )

psk uint32 idx;

// used in loop to downsample the input signal

psk uint32 n_taps_k = 4; // number of symbols
psk_uint32 start idx = (psk double)FS INT / ( 16.0 * (psk _double)FC );
psk uint32 end idx = (psk _double)sig bb len
- 16.0 * (psk double)start idx * (psk double)FC * ETU;
psk uint32 nyquist len = 16;
psk uint32 sps p = round( 16.0 * (psk double)FC * ETU );
psk uint32* idx vec = NULL;

const psk int32* soc_lut; // constant array depending on ORDER

34
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if ( ORDER == 8 )
soc_lut = SOC PSK8 deg;
else if( ORDER == 16)
soc_lut = SOC PSK1l6 deg;
else

return (PSK_ERR PARAMETER) ;

psk complex* estimate symbol resp = calloc( sps p * n taps k,
sizeof (psk complex) );

psk complex* ref sig = calloc( PSK len, sizeof ( psk complex ) );

for( idx = 0; idx < PSK _len; idx++ )
{
RE (ref sig[i
IM(ref sig[i
}

]

dx
dx]

)
)

// estimate symbol response
for( idx = 0; idx < sps_p; idx++ )
{
psk uint32 len = 0;
idx_vec = psk_idx_linspace( start_idx + idx * start_idx,
start idx * sps p,
end idx + ( idx + 1 ) * startidx,
&len ) ;
psk complex bb out grid align k[len];
psk uint32 cpy idx;
for( cpy idx = 0; cpy idx < len; cpy idx++ )
bb out grid align k[cpy idx] = sig bb int[idx(vec[cpy idx] - 1];

psk complex* hVec k = psk ff Ims( ref sig,
bb out€grid align k,
len,
n_taps_k )
// hvec k = [al bl cl dl ] if idx =30
// hVec_k = [a2 b2 c2 d2 ] if idx%J1 and so on
// estimate symbol resp=[al a2 a@;..][bl b2 b3...][cl c2 c3...][dl d2
// because n_taps k ==

estimate symbol resp[idx + (1 taps k - 1) * sps p] = hVec k[(n _taps k
estimate symbol resp[idx #@(N taps k - 2) * sps p] = hVec k[(n taps k
estimate symbol resp[idx.%“(n_taps k - 3) * sps p] = hVec k[(n_taps k
estimate symbol resp[id® + (n_taps k - 4) * sps p] = hVec k[(n_taps k

if ( hvec k)
free( hVec k )z
}

psk complex hfn“taps k];

psk complex~tmp sum;

RE( tmp sum~) = 0.0;

IM( tmpSstm ) = 0.0;

psk cdmpiex s0, sl;

RE(.80)) = cosl( PR / 2.0 / 180.0 * M PI );
IME®S0 ) = sinl( PR / 2.0 / 180.0 * M PI );
sl_J= psk cmpl conj( s0 );

psk complex s in[nyquist len];

SN
—_ —— —

cos( (psk double)soc lut[idx]* (psk double)M PI / 180.0 ) ;
sin( (psk _double)soc lut[idx]* (psk _double)M PI / 180.0¢)

12

Ne Se o~

~.

psk_double pr comp; // stores current phase range
psk complex s in pr([l6];

for( idx = 0; idx < nyquist len; idx++ )
s in[idx] = ( idx % 2 ) 2 sO : sl;

// s_in pr = [sl sl sl sl s0 s0 sO0 sO sl sl sl sl sO s0 sO sO]
for( idx = 0; 1idx < 4; idx++ )

{

s_in pr([idx] = sl;
s in prlidx + 8] = sl;
s _in prlidx + 4] = s0;

s_in prlidx + 12] = s0;
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}

psk complex* s out = NULL;
psk _complex* pr out = NULL;
psk double L = 0.0;

psk double isi angle 1
psk double isi angle 2
psk double isi angle =
psk uint32 idx max = 0
psk double* isi m vec

0;
O.

’

0.
0.
.0;

’

ol

I~

calloc( nyquist len+2, sizeof (psk double) );

psk double* isi d vec = calloc( nyvquist len+2, sizeof (psk double) );
psk |double* phase range vec = calloc( nyquist len+2, sizeof (psk double) );
psk|uint32 1idx2=0;
for| idx = sps p; idx > (sps_p - nyquist len - 1) ; idx-- )
{
RE( tmp sum ) = 0.0;
IN( tmp sum ) = 0.0;
/] estimate symbol resp./sum(estimate symbol resp)
tgp sum = psk add( tmp sum, estimate symbol resp[ idx + O * sps p - &I Y7
tgp sum = psk add( tmp sum, estimate symbol resp[ idx + 1 * sps p 5 A¥ );
tngp sum = psk add( tmp sum, estimate symbol resp[ idx + 2 * sps p|\-J1] );
tgp sum = psk add( tmp sum, estimate symbol resp[ idx + 3 * spsfp - 1] );
h|0] = psk cmpl div( estimate symbol resp[ idx + 0 * sps p - [1%,) tmp sum );
h|1] = psk cmpl div( estimate symbol resp[ idx + 1 * sps p,~ 1], tmp sum );
h|2] = psk cmpl div( estimate symbol resp[ idx + 2 * sps p,\a/1], tmp_sum );
h|3] = psk cmpl div( estimate symbol resp[ idx + 3 * sps\p/- 1], tmp sum );
/] fir filter (h, s_in)
s |out = psk FIR filter cmpl( h, n_taps_k, s_in, nyquist len );
if( !s out )
return( PSK_ERR OUT OF MEM );
//] phase range computation
pq out = psk FIR filter cmpl( h, n taps k, &\in pr, 16 );
if ( !pr out )
return( PSK_ERR OUT OF MEM );
// compute phase range
pgk complex pr mean high;
RHE ( pr mean high ) = ( RE( pr_ont[6] ) + RE( pr out[7] ) + RE( pr out[l4] ) + RE( pr_
out[14] ) ) / 4.0;
IN( pr mean high ) = ( IM( prrout([6] ) + IM( pr out[7] ) + IM( pr out[l4] ) + IM( pr_
out[14] ) ) / 4.0;
pgk double pr anglel =gatan2l( IM( pr mean high ), RE( pr mean high ) );
pgk complex pr mean\low;
RE( pr mean low )~=*( RE( pr out[2] ) + RE( pr out[3] ) + RE( pr out[l10] ) + RE( pr_
out (111 ) ) / 4.0;
IN( pr mean loww) = ( IM( pr out[2] ) + IM( pr out[3] ) + IM( pr out[10] ) + IM( pr_
out [147 ) ) / 4.93
pgk doubleSpr angle2 = atan2l( IM( pr mean low ), RE( pr mean low ) );
pq compi= ( pr_anglel - pr angle2 ) * 180.0 / (psk _double)M PI;
psSk comprex arift;

36

psk:double tmp, max vall, max val2;
tmp = max vall = max val2 = 0.0;
for( 1idx2 = 0; idx2 < nyquist len; idx2++ )

{

// calculate isi angle 1
diff = psk sub( s _out[idx2], s in[idx2] );
tmp = psk abs( diff );
if( tmp > max vall )
max vall = tmp;

//calculate isi angle 2

tmp = atan2( IM( s out[idx2] ), RE( s_out[idx2] ) );
tmp -= atan2( IM( s_in[idx2] ), RE( s_in[idx2] ) );
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tmp = ABS( tmp );
if( tmp > max val2 )

max val2 = tmp;

}
isi_angle_2 = max_valZ;
L = (max _vall > 0.99999 ) 2 0.99999 max vall;
isi angle 1 = asin( L );
isi angle = ( isi angle 1 > isi angle 2 ) ? isi angle 1 isi angle 2;

find max isi m value
isi m vec[ sps p - idx ] = isi angle * 180.0 / M PI / PR * ( ORDER - 1);
isi d vec[ sps p -idx ] = -( atan2( IM( h[1] ), RE( h[1] ) ) -

atan2( IM( h([0] ), RE( h[0] ) ) ) * 180.0 / M PI;

phase range vec[ sps p - idx ] = pr_ comp;

if( s _out )
free( s _out );
s_out = NULL;

1f( pr_out )
free( pr out );
pr_out = NULL;
}

for( idx = 0; 1idx < 3; idx++)
{
idx max = 0;
for( idx2 = 1; idx2 < nyquist len+1; idx2 ++)
{
if( isi m vec[idx2] > isi m vec[idx max] )
{

idx_max = 1dx2;

}
}
*isi m = isi m vec[idx max];
isi m vec[idx max] = -1e302;
}
*isi d = isi d vec[idx max];
*phase range = phase range veglidx max];

// isi m, isi_d computation done. downsample sig in

psk uint32 ds start =
psk uint32 ds end =

(start _idx + sps p - nyquist len + idx max) * start idx;
(sig bb len / (start idx * sps p) ) * start idx * sps p;

psk uint32 ds out gdemn 0;
psk uint32* out idx“/vec = psk idx linspace( ds_start - 1,
start idx * sps p,
ds end,
&ds out len );
psk complex®/sig out = calloc( ds out len, sizeof (psk complex) );
for( id#="0; idx < ds_out len; idx++ )
sig et [idx] = sig bb int[out idx vec[idx] - 1] ;

*sigrout = sig out ;

Vf ( 1dx vec )

freet1Iax_vec 1y
idx vec = NULL;

if ( out idx vec )
free( out idx vec );

out idx vec = NULL;

if ( estimate symbol resp )
free( estimate_symbol_resp )

estimate symbol resp = NULL;

return ( PSK ERR OK );
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psk _int32 psk re align symbol grid( psk complex* v in,
psk uint32 len,
psk uint32* strt idx,
psk uint32* end idx )

psk uint32 idx, end idx 1, strt idx 1, sig len, N symb, sps;
idx = end idx 1 = strt idx 1 = sig len = N _symb = sps = 0;
sps = round( (psk double)FS INT * ETU );

psk _uint32 L start = 50; // 50 symbols to remove beginning

A R et

// ({Step A) Realign on a symbol level:

// JInput : y_ref, Reference symbols

// JInput : in bb m resampled (to int fc)

// demod data (scope into complex Baseband), LONGER than REF

// Qutput (internal) : BasebandRx_ SymbAlign m ALIGNED to REF * 2

// Symbols (trimmed signal) fs = N*EC
A Rttt S

// flnd approx start and end points of phase modulated signal
psk |double offset = (24.0 - 8.0 ) * (psk double)M PI / 180.0;
psk |double* phi = psk vec angle( v_in, len);

// (1) find and remove silence at the beginning, keep N etu’s\silence before
// flrst modulation

// flnd beginning
while ( phif[idx] <= offset )
igdx++;

strf idx 1 = idx;

// filnd end

idx |= 0;

while( phi[ len - (1 + idx) ] <= offset\)
idx++;

end|idx 1 = idx;

if (|strt _idx 1 > 25 * sps )
sfirt idx 1 = strt idx J} xv25 * sps + 1;
elsq
sfirt idx 1 =0;

if(|end idx 1 > 1B/ sps )

erjd_idx 1 = len# end idx 1 - 2 + 10 * sps;

elsd
erjd idx 1 _S/Fen - 1;

sig|len =®nd idx 1 - strt idx 1 + 1;

N symb<{# (psk double)sig len / (psk double)sps;

if ( “rem PSR _Ten DS )
return( PSK_ERR SIGNAL TOO SHORT );

// normalize input signal
psk _complex* v _in norm = psk cmpl normalize( v_in, len );

psk uint32 t idx len = 0;
psk_uint32* t idx vec = psk _idx linspace( (strt_idx l+sps) , sps, end_idx 1, &t_idx_
len) ;

38 © ISO/IEC 2014 - All rights reserved


https://iecnorm.com/api/?name=8defe76fbda76f4c0f5bd28725aed94e

ISO/IEC 10373-6:2011/Amd.5:2014(E)

psk complex* symb rx = calloc( t idx len, sizeof (psk complex) );
for( idx = 0; idx < t_idx len; idx++ )
symb rx[idx] = v_in norm[ t idx vec[idx] ];

// compute complex signal of SOC

psk complex* y ref = calloc( PSK len, sizeof (psk complex) );

psk complex* y ref cut = calloc( PSK len - L start, sizeof(psk complex) );
const psk int32* soc lut;

if ( ORDER == 8 )

soc_lut = SOC PSK8 deg;
else 1f( ORDER == 16)

soc_lut = SOC PSK1l6 deg;
else

return (PSK _ERR PARAMETER) ;

for( idx = 0; idx < PSK _len; idx++ )

RE (y ref[idx]) = cosl( (psk double)soc lut[idx]* (psk double)M P1 / 180.0 );
IM(y ref[idx]) = sinl( (psk double)soc lut[idx]* (psk_double)M PI / 180.0 );
if( idx > L start - 1)

RE( y ref cut[idx - L start] ) RE( y ref[idx] );
IM( y ref cutf[idx - L start] ) = IM( y refl[idx] )s

}

psk uint32 max shift = N symb - (psk uint32)RSK len+L start;
e\ i

// (3) Align on a symbol level
e L .\ il

psk int32 err = psk find approx delay( y ref cut,
PSK len-L start,
symb rx,
t idx len,
max_ shift,

&delay 1);
if( err < 0)
return (err) ;
delay 1 -=gAbostart-1); // corr. by L_start
psk uint32 “-dxBegin = strt _idx 1 + delay l*sps - 1;
psk _uint32" idxEnd = 1dxBegin + (psk uint32)PSK len * sps - 1;

if€y ref cut )
{

free( y_ref cut );

y el Ccult = NULL,

}

if( symb rx )
{
free( symb rx );
symb rx = NULL;
}

[/ S oo
// (Step B) Realign on a sample level:

// Input: y ref REF TX symbols fSymb

// Input: BasebandRx SymbAlign m: ALIGNED to REF * 2 Symbol fsOut = N*fc

[ ST oo
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psk uint32 MAX MISALIGN = 2; //upper bound to input misalignment
psk uint32 FLAT REGION MIN = 1; //algo specific, MIN 1, 2 safer; get at
// least a full etu leading the beginning of symbol response

psk uint32 GuardTimeInterval = 0; // This param depends loosely on below

// def of MaxDev and on input SNR. These vals are taken for SNR dB IQ=30dB
// (very noisy), which tend to increase guard interval.

psk uint32 Ns _m = idxEnd-idxBegin+l; // signal length

psk uint32 gridvals = ( 2 * MAX MISALIGN + FLAT REGION MIN + 1 ) * sps; // idx length

psk uint32 N samples = ( Ns m - gridvVals ) sps; number of samples used for
crossqcovariance compuation

psk |complex* futureXC = calloc( gridvals, sizeof (psk complex) );

psk |double* DelaySignature = calloc( gridvVals, sizeof (psk double) );

A R
// (1) Get a pseudo symbol-response (signaturel)
A Rt
// dqtart/stop index definition for y ref signal

// future tx symbols

psk|uint32 strt idx y ref = FLAT REGION MIN + MAX MISALIGN;
psk|uint32 end idx y ref = N samples + 1;

// fdrepare reference signal for cross-correlation operation

psk|uint32 N y ref cut = (end idx y ref) - (strt idx y ref + L start) + 1;
y _rqf cut = calloc( N y ref cut, sizeof( psk complex ) );
psk |complex* y ref cut conj = calloc( N y ref cut, sizeof (\pgk complex ) );

for| idx = strt idx y ref + L start-1; idx< end idx y, Cef; idx++ )
{
RE( y ref cut[ idx - (strt idx y ref + L start-1)(}") = RE( y ref[idx] );
IN( y ref cut[ idx - (strt idx y ref + L start<l) ] ) = IM( y ref[idx] );

psk|complex mu x2 = psk cmpl mean( y ref cuthy\N_ y ref cut );
for{| idx = 0; idx < N_y ref cut; idx++ )

y|ref cut[ idx ] = psk sub( y ref cut(‘idx ], mu _x2 );

y|ref cut conj[ idx ] = psk cmpl cenj( y ref cut[ idx ] );

// length index for signal at fi
psk |uint32 const end offset m = ( N_samples - MAX MISALIGN - FLAT REGION MIN ) * sps;

psk|uint32 Lstart m = L start-* sps; // length of periodic part in SOC at fs

psk|uint32 start, stop,iG¥id;
stajt = stop = 0;

psk|uint32 len vec  A&d% = 0;
psk |complex prod jmps

psk |uint32 *idx,ve€ = NULL;

for{ iGrid =07 iGrid < gridvVals; iGrid++ )
// comppUte start/stop indices

sffapt\=) idxBegin + iGrid - 1 + Lstart m - sps;
sflop{# 1dxBegin + iGrid - 1 + const end offset m;

//get—ITdE TTTOT
idx vec = psk idx linspace(start, sps, stop, &len vec idx);

// cut out signal acc. to index vector

symb rx = calloc( len vec idx, sizeof (psk complex) );
for( idx = 0; idx < len vec idx; idx++ )
symb_rx[idx] = v_in norm[ idx vec[idx] ];

//compute and remove mean
psk complex mu x1 = psk cmpl mean( symb rx, len vec idx );

for( idx = 0; idx < len vec idx; idx++ )
{
symb rx[idx] = psk sub( symb rx[idx], mu x1 );
prod tmp = psk cmpl mult( symb rx[idx], vy ref cut conj[idx] );
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futureXC[iGrid] = psk add( futureXC[iGrid], prod tmp );

}
DelaySignature[iGrid] = RE (
if( symb rx )
{
free( symb rx );
symb rx = NULL;
}
if( idx vec )

{

futureXC[iGrid] );

free( idx vec );
idx_vec = NULL;
}
}

// perform quality checks
psk complex *ref corr 0;
psk int32 *ref lag 0;

psk:double max corr val, peak ref 0 ;

psk uint32 max corr idx;

psk int32 errl = psk cross covariance( y ref,

if( errl != PSK ERR OK )
return( errl );

peak ref 0 = psk abs( ref corr 0[0] );
e e
// (2) Find the peak in signaturel
T

psk max( DelaySignature, gridvaks,* &max corr val, &max corr idx );

if ( max corr val < ( peak ref,0 / 4.0 ) )

{

printf ("M\nSymbol Grid ANhignment Failed, no reliable xcorr peak found.\n”);
return( PSK SYMBOL GRID ALIGNMENT FAIL );

}

if( futureXC )
free( futureXg );

PSK len,

y ref,

PSK len,

0,

&ref corr O,
&ref lag 0()%

e
// (3) Consider signature2 the slope (derivative) of signaturel.
e S e
psk uint32 num coef = 6;
psk double slope coef[] = {1.0 / 12.0,

3.0 / 12.0,

2.0 / 12.0,

=20 207

-3.0 / 12.0,

-1.0 / 12.0}; // normalized by sum(abs (nominator))

psk uint32 strt idx diff = num coef +1;

psk double *DelaySignatureDiff

© ISO/IEC 2014 - All rights reserved
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// (4) identify flat region in signature 2, to the left of the peak in signaturel
// flat region first guess based on signature 1 peak

f e
//point P1, earliest corner position

psk uint32 flatRegionCornerPosMin = max corr idx - (psk uint32) ( 1.3 * (psk double)sps );
psk uint32 idxl = MAX( num coef, (flatRegionCornerPosMin - sps) );

// update start index:
psk uint32 end flatregion = flatRegionCornerPosMin;
psk uint32 strt idx diff idx = strt idx diff + idxl - 1;

// 1f needed adjust flat region by 1/2 etu to the right (if we detect we are too early
// (EMC case), this enables calculating MaxDev on a more significant portion of the flag
regior)
psk|uint32 strt idx diff emc = strt idx diff idx + sps / 2;
psk|uint32 end flatregion emc = end flatregion + sps / 2;

// qut out signal acc. to index vector

len|vec idx = end flatregion - strt idx diff idx + 1;

psk |double *tmp vec = calloc( len vec idx, sizeof (psk double) );
for| idx = strt idx diff idx; idx <= end flatregion; idx++ )

tmp vec[ idx-strt idx diff idx ] = DelaySignatureDiff[ idx ];

psk |double std delSigDiff = psk std(tmp vec, len vec idx);
std|delSigDiff *= 2.0;

if (§mp vec)
fiee (tmp_vec);

tnp vec = NULL;

// qut out signal acc. to index vector EMC basgd part

len |vec idx = end flatregion emc - strt idx diff emc+l;

tmp |[vec = calloc( len vec idx, sizeof (psk dauble) );

for| idx = strt idx diff emc; idx <= end fla¥region emc; idx++)

tmp vec[ idx - strt idx diff emc ] =(helaySignatureDiff[ idx ];

psk |double std delSigDiff emc = psk gtd(tmp vec, len vec idx);

if std delSigDiff emc < std del3®gDiff )
pAintf (“"\nOvershooting Channed suspected, improving flat region location\n”);
fl§tRegionCornerPosMin g=\flatRegionCornerPosMin + sps / 4;
idx1 = MAX( num _coef, ( flatRegionCornerPosMin - sps ) );

sfirt idx diff idx =\strt idx diff emc;
erfd flatregion = ead flatregion emc;

if (|tmp_vec )

free ( L£p* vec );
tnp vec’ = NULL;

/) S

// (5) define “end of flat region”, or corner point of signature 2

// define “end of flat region”, by a vertical interval within which flat
// region TO THE RIGHT Pl should be contained

/) S e

// cut out signal acc. to index vector EMC based part
len vec idx = end flatregion - strt idx diff + 1;
tmp vec = calloc( len vec idx, sizeof (psk double) );
for( idx = strt idx diff; idx < end flatregion; idx++)
tmp vec[ idx - strt idx diff ] = DelaySignatureDiff[ idx ];

psk _double MeanVal = psk mean( tmp vec, len vec idx );
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psk double MaxDev = psk std(tmp vec, len vec idx);
MaxDev *= 6.0;

if( tmp vec )

{
free( tmp vec );
tmp vec = NULL;

/o

(6) Reference Timing is @ the end of this flat region, corrected for the
// derivative delay and a guard interval.
/e

idx = strt idx diff + flatRegionCornerPosMin;
psk uint32 FLG = 0;
while ( DelaySignatureDiff[ idx ] <= ( MeanVal + MaxDev ) )
{
idx++;
if( idx == gridvals )
{
break;
FLG = 1;

}

psk uint32 idxPosFirstGuess = 0;
if( FLG == 1 )
{
idxPosFirstGuess = flatRegionCornerPosMin;
}
else
{
idxPosFirstGuess = idx - strt idx diff&)I;

}

psk uint32 backOff = GuardTimelInterval + 2; // (2..4) (==> slopeDelay: factor
// two due to filter delay
// max(l, floor ((num coef-1)/2)))
psk uint32 idxSymbolBegin = idXPosFirstGuess - backOff + strt idx diff - 1;

// extract (re-Index) the sample aligned within input signal

idxBegin -= (FLAT REGION (MIN + MAX MISALIGN) * sps;
idxBegin += ( idxSymbolBegin );

*strt idx = idxBegin;

*end idx = idxBegam\* (psk uint32)PSK len * sps - 1;

// clean up menory
if ( DelaySigpatire )
{
free( DeleavySignature );
Delay3dgnhature = NULL;
}

ifDelaySignatureDiff )

{
free( DelaySignatureDiff );

DelaysignatureD = NUTL;
}
if( y ref cut )
{
free( y ref cut );
y ref cut = NULL;
}
if( y ref cut conj )
{
free( y ref cut conj );
y_ref cut conj = NULL;
}
return( PSK ERR OK );
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=
psk _int32 psk find approx delay( psk complex* v ref in,
psk uint32 ref len,
psk complex* v in,
psk uint32 len,
psk uint32 max_ shift,
psk uint32* delay )
{
psk uint32 delay int, idx;
psk complex* v corr;
psk int32* v _lag idx;
psk |double max val = 0.0;
psk |uint32 max idx = 0;
psk|int32 err = PSK ERR OK;
psk|complex* v _in aligned = calloc( ref len, sizeof (psk complex) );
if(|v_in aligned == NULL )
rgturn( PSK_ERR OUT OF MEM );
if(|len - ref len < max shift )
pyintf (“psk find approx delay: v _in signal too short!”);
err |= psk cross covariance( v_ref in,
ref len,
v_in,
len,
max_ shift,
&v_corr,
&v_lag idx );
if {err != PSK_ERR OK )
rgturn( err );
psk |double* v _abs corr = psk vec abs( v _corr, maXyshift );
psk|max ( v_abs _corr, max shift, &max val, &maxfidx );
if (|v_lag idx[max idx]> 1)
pyintf (“psk find approx delay: akausal pgak detected (peak > 1)”);
delgy int = -1 * v lag idx[max idx];
// d4ignal alignment
if(|delay int > 1)
{
fqr( idx = delay int; idx . delay int+ref len; idx++ )
{
RE( v_in aligned[idxpdelay int] ) = RE( v_in[idx] );
IM( v_in aligned[idx=delay int] ) = IM( v_in[idx] );
}
}
// gerform qualdity’/checks
psk |complex *refi*corr 0;
psk |int32 *ref-lag 0;
psk |complex _#corr O;
psk |int323*lag 0;
psk |doukle peak ref 0, peak 0;
err = pSK_CrOSS_Covariance( v_TIef 11T,
ref len,
v_ref in,
ref len,
0,
&ref corr O,
&ref lag 0 );
peak ref 0 = psk abs( ref corr 0[0] );
err = psk cross covariance( v_in aligned,
ref len,
v_in aligned,
ref len,
0,
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peak 0

&corr 0,
&lag 0 );
= psk abs( corr 0[0] );

if( max val < 0.25 * sqrt( peak ref 0 * peak 0)
printf ("WARNING: psk find approx delay -- x-corr peak low! \

Signals do not match weIl.\n");

// clean up
if( v_abs corr )
free( v _abs corr );

ISO/IEC 10373-6:2011/Amd.5:2014(E)

if( v_in aligned )
free( v_in aligned );
if( v_corr )

free( v_corr );
if( v_lag idx )

free( v_lag_idx )

*delay

= delay int;

return( PSK ERR OK );

/*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k***‘k*‘k***‘k*‘k*‘k***********************/

/*** psk analysis.c *kx
/*** DESCIRPTION: *xk [
Ve Main file of the VHBR wave shape analysis tool xAx/

/*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k***‘k*‘k***‘k*‘k*************************/

#include
#include
#include
#include

#include
#include
#include
#include

/*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k***‘k*‘k***‘k*‘k*‘k***********************/

<stdio.h>
<stdlib.h>
<math.h>
<string.h>

“psk types.h”
“psk defines.h”
“psk math.h”
“psk dsp.h”

/* function predeclaration */

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

/** readcsv

* Read a ascii coded {il¢ of type csv.
amplitude.

@param in filename "Name of input file. Not longer than 256 characters
@param samplesWArray of amplitude values from input file

@param len Number of amplitude and time values
@param tiges—Array of time values from input file
@return ¢rror code

* ok X ok ok X %

/

psk_int3® Tfeadcsv( char* in_filename,

/*[in]*/

First column time,

second column

psk_double** samples, /*[out]*/
psk uint32* len, /*[out]*/
psk _double** times); /*[out]*/

psk uint3Z ORDER = 0U;

psk double BIT RATE = 0.0;

psk_uint32 PR= 0;

psk uint32 EPI = 0;

psk double ETU = 0.0;

/*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k***‘k*‘k***‘k*‘k*‘k***********************/

/** main

* ISO/IEC 10373-6 VHBR PSK ANALYSIS TOOL

EE A

@param argc 2 parameters are expected
@param argv[l]
@param argv[2]
@return error code as defined in psk defines.h

expected to be a csv file
expected to be a bit rate code

© ISO/IEC 2014 - All rights reserved

[0=3fc/4,

1=fc, 2=3fc/2, 3=2fc]
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int main( int argc, char *argv[] )
{

char in filename[256];

psk uint32 samples len = 0; // number of samples in input file

psk uint32 bitrate code = -1;

psk _double* samples = NULL;
psk double* times = NULL;

int status = PSK ERR OK;

//

// HEAD INPUT

//

pril’ tf (“\n************************************************”) ;
priftf (W\n***x* *kkKk )
priftf (M\n**** ISO/IEC 10373-6 VHBR PSK ANALYSIS TOOL ****7);
prifgtf (M\n**** Version: 1.0 August 2013 *hkkKkIY S
priftf (W\n**** Kook k1)
prir tf (“\n************************************************\n”) ;
if (|largc == )

{
pyintf (Y"USAGE: \n”);

pyintf (“1st parameter: file name, *.csv \n(lst column time wvectodor, 2nd column amplitude

vectoy) \n\n") ;
pfintf (“2nd parameter: bit rate code [0=3fc/4, 1l=fc,

pyintf ( “\nCSV File name :” );
s¢anf ( “%s”, in filename );

pfintf ( “\nBit rate code [0=3fc/4, 1=fc, 2=3fcAZ or
s¢anf ( “%d”, &bitrate code );

elsqd

sfircpy ( in filename, argv[1l] )
if( !strchr( in filename, ‘.’

— — ~.

strcat ( in filename, “.csv” );
if( argc > 2 )
{
char *br code = argv[2];
if( br code[0] < ‘0" [J|(Br code[0] > 37 )

{

return( PSK ERRUPARAMETER ) ;
}

else
bitrate eode = atoi( br code );

else

scarf ( “%d”, &bitrate code );

printf ( “\nERROR:, v&lid bit rate codes are: [0=3fc/4,

2=3%8/2 or 3=2fc]\n\n”);

3=2fc]

PrARLE ( “\nBit rate code [0=3fc/4, 1=fc, 2=3fc/2 or 3=2fc]

o ).
. ’

1=fc, 2=3fc/2 or 3=2fc]\n”

o ),.

T oitrate—Tode Ot PbItratc —Tode 3

{

printf ( “\nERROR: valid bit rate codes are: [0=3fc/4,

return( PSK ERR PARAMETER ) ;
}

}

if( !strchr( in filename, ‘.’ ) )
strcat ( in filename, “.csv” );

status = readcsv( in filename,
&samples,

46

l=fc, 2=3fc/2 or 3=2fc]\n”
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&samples len,
&times) ;
if ( status != PSK ERR OK )
return( status );

if ( samples len < MIN NUM SAMPLES )
return( PSK_ERR PARAMETER ) ;

// BIT RATE DEPENDENT PARAMETER
switch ( bitrate code )

{
case O:
{
ETU = 4.0 / (psk_double)FC;
ORDER = 8;
BIT RATE = 3.0 * (psk_double)FC / 4.0;
PR = 56; // degree
EPI = 8; // degree
break;
}
case 1:
{
ETU = 4.0 / (psk_double)FC;
ORDER = 16;

BIT RATE = (psk double)FC;
PR = 60;
EPI = 4;
break;
}
case 2:
{
ETU = 2.0 / (psk_double)FC;
ORDER = 8;
BIT RATE = 3.0 * (psk _double)FC / 2.0%
PR = 56;
EPI = 8;
break;
}
case 3:

{
ETU = 2.0 / (psk double)EE}
ORDER = 16;
BIT RATE = 2.0* (psk double)FC;
PR = 60;
EPI = 4;
break;
}
default:

{
printf &'ERROR: No valid bit rate selected: %d\n”, bitrate code );

prinefY “\nBit rate code must be one of the following: [0=3fc/4, 1l=fc,
3=2fc] . ¥ ;
teturn (PSK_ERR PARAMETER) ;
¥
}

2=3fc/2

DrintL (BTt Tate fO0r ©vValUation 15T ©2.2L MDPSNI“; DIl RAIL 1.08-06 1,

//

// PREPROCESSING AND CONDITIONING
// STEP 1 - ANTIALIASING FILTER
//

psk double* samples aa = NULL;
psk uint32 aa len = 0;

// psk _double fs osc = (psk double)samples len /
// ( times[samples len - 1] - times[0] );
psk double fs osc = 1.0 /( times[1l] - times[0] );

if ( FS_INT > fs osc )

© ISO/IEC 2014 - All rights reserved
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printf( “Target sampling rate must” );
printf( “ be equal to or smaller than initial sampling rate.
printf( “Minimum initial sampling rate requirement:
return( PSK_ERR INVALID SAMPLE RATE );
}
status = psk antialiasing( samples,

samples len,
&samples aa,

w

) ;
500MSps!\n” );

&aa len,
fs osc );
if status != PSK ERR OK )
rgturn( status );
//
// BREPROCESSING AND CONDITIONING
// 4TEP 2 - RESAMPLE
//
psk|uint32 len int = 0; // length of resampled signal (integer number of £¢)
psk |double* times int = NULL;
psk |double* resampled sig = NULL;
stajus = psk downsample( samples aa,
times,
aa_ len,
&resampled sig,
&times int,
&len int );
if status != PSK ERR OK )
rdturn( status );
//
// BREPROCESSING AND CONDITIONING
// 4TEP 3 - DEMODULATE
//
psk |complex* sig bb = NULL;
psk |demodulation( resampled sig, times int, Men int, &sig bb );
// dlean up unused variables and arrays
if (|samples )
{
fgee ( samples );
sgmples = NULL;
}
if(|times )
{
fdee ( times );
times = NULL;
}
if (|samples aa )
{
fgee ( samplesyaars) ;
sgqmples aa ANULL;
}
if (|resampled sig )
{
flee/(\resampled sig );
rgsafgpled sig = NULL;
}
//
// PREPROCESSING AND CONDITIONING
// STEP 4 - DEROTATION
//
psk complex* sig bb derot = NULL;
status = psk derotation( sig bb, times int, len int, &sig bb derot );
//
// PREPROCESSING AND CONDITIONING
// STEP 5 - LP-FILTER
//

psk uint32 1i;

48
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0;

psk uint32 ma filt len
psk uint32 len out

(FS_INT/FC)/2;

psk complex* sig bb 1lp

calloc( len out,

status psk ma filter cmpl( sig bb derot,
len int,
&sig bb 1p,
&len out,
ma filt len );
=

if (_ status PSK ERR OK )

sizeof (psk complex)

ISO/IEC 10373-6:2011/Amd.5:2014(E)

);

return( status );

//
// PREPROCESSING AND CONDITIONING

// STEP 6 - SILENCE RE-ADJUSTMENT

//

psk complex mean = psk cmpl mean( sig bb 1p, IDX UNMOD );
psk double phi err = atan2( IM( mean ), RE( mean ) );

psk complex exp phi err;
RE ( exp_phi_err ) cos ( phi_err )
IM( exp phi err ) -sin( phi err );

for( i = 0; 1 < len out; i++ )
sig bb 1p[i] psk cmpl mult( sig bb 1p[i],

// clean up

if( sig bb )
free( sig bb );

sig bb NULL;

//
// SYMBOL GRID ALIGNMENT
// STEP 7
//

psk uint32 strt idx
psk uint32 end idx

0;

status psk re align symbol grid(* sig bb 1lp,

if ( status != PSK ERR OK)
return( status );

psk uint32 sig len cutoub
psk complex* sig bb .adigned

end idx-strt idx+1;
calloc( sig len cutout,

exp phi ern

len out, &strt idx, &end idx);

)

sizeof ( psk complex )

for( i = strt idx;™ <= end idx; i++ )
sig bb aligne@[i - strt idx] = sig bb 1p[ i ];

//

// ISI _GOMPUTATION

// STER™8 -

//

psk_double isi m = 0.0;

psk double isi d = 0.0;

psk double phase range = 0.0;

PSK_comple STg_out;

status = psk isi param( sig bb aligned,

sig len cutout,

&isi m,
&isi d,
&phase range,
&sig out );

if ( status != PSK ERR OK )

return( status );

//

// PHASE NOISE COMPUTATION

// STEP 9 -

//

© ISO/IEC 2014 - All rights reserved
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psk double phase noise = 0.0;
status = psk get phase noise( sig bb 1lp, strt idx, &phase noise);
if ( status != PSK ERR OK )

return( status );

printf ("M\n---------------——————- STATISTICS —-————————————————————————— \n\n”) ;
printf (“Input Sampling Rate: %d MHz\n”, (psk uint32) (fs osc*1.0e-6 + 0.5) );
printf (“Number of Samples: %d \n\n”, samples len );

printf (*---r- RESULT ———-—————m e oo oo o n\n”) ;

prigtf (V"ISIm: %$2.2E\n”, isi m);

priftf (“ISId: %3.2f degrees\n”, isi d);

priftf (“Phase range: %3.2f degrees\n”, phase range);

printf (“Normalized differential phase noise: %2.3E\n”, phase noise);

retyrn( status );

psk it32 readcsv( char* in filename,

psk double** samples,
psk uint32* len,

psk _double** times)

psk |int32 num samples = 1;
psk |double* vt = calloc( num samples, sizeof (psk double) );
psk |double* va = calloc( num samples, sizeof (psk double) )%

FILE *sample file;

// dpen input file
if(|!strchr( in filename, ‘.’ ) ) strcat( in filenameg .csv” ) ;
if ( sample file = fopen( in filename, “r” ) ) ==<ULL )

W

fgrintf ( stderr, “Cannot open input file %$s.\1”, in filename );
rqturn( PSK_ERR READ FILE );

// fead input values into array

whille ( !feof ( sample file ) )

{
vl = (psk double*)realloc( vt, -8tzeof (psk double) * ( num samples ) );
vd = (psk double*)realloc( va;) sizeof (psk double) * ( num samples ) );

if ( num samples >= MAX NUM_SAMPLES )
fprintf (stderr, “Toosmahy samples in input file: only %d samples read\n”,

num samples );
break;

fqcanf ( sample fide, “%1f,%1f\n”, &vt[num samples-1], &va[num samples-1] );
nym sampleste

if

sample~file )
fdlose( sample file );

*ler = NUIT_Sampies — 1,
*times = vt;
*samples = va;

return( PSK ERR OK );
}

J.3.13 Example test report (informative)

Below, an example test report for one test position in the operating volume and the bit rate of fc is shown.

EXAMPLE 1 PASS case
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PCD transmission test
General Setting:
Bit Rate: 13,56 Mbit/s

Position (x,y,z): (0,00 mm, 0,00 mm,

Setup Description [optionally provide additional information]:

Measurement Results

37,50 mm)

ISO/IEC 10373-6:2011/Amd.5:2014(E)

Phase range (PR) = 60,23 °
ISI Measures

ISI magnitude (ISIm) = 0,46
ISI rotation (ISId) = -57,61 °
Phase Noise Measure

Normalized differential phase noise = 0,0298
PASS-FAIL summary report

Phase range (PR) PASS
ISI magnitude (ISIm) PASS
Normalized differential phase noise PASS
Overall test result PASS
EXAMPLE 2  FAIL case (due to noise)

PCD transmission test

General Setting

Bit Rate: 13,56 Mbit/s

Position (x,y,z): (0,00 mm, 0,00 mm, 37,50 mm)

Setup Description [optionally provide additional information]:

Measurement Results

o

Phase range (PR) (measured) = 60,99
ISI Measures

ISI magnitude (ISIm) = 0,46
ISI rotation (ISId) = -58,05 °
Phase Noise Measure

Normalized differential("phase noise = 0,0785
PASS-FAIL summary report

Phase range (PR) PASS
ISI magnitude #&SIm) PASS
Normalized differential phase noise FAIL
Overall té&sk*result FATL
EXAMPLE3~ FAIL case (due to ISIy,)

PCD~tfansmission test

Geperal Setting

Bit Rate: 13,00 Mbit/sS

Position (x,vy,2z): (0,00 mm, 0,00 mm, 37,50 mm)

Setup Description [optionally provide

Measurement Results
Phase range (PR)

ISI Measures
ISI magnitude (ISIm)
ISI rotation (ISId)

Phase Noise Measure

© ISO/IEC 2014 - All rights reserved

additional information]:

= 60,22

= 1,70
= -50,03

o

o
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Normalized differential phase noise = 00,0001

PASS-FAIL summary report

Phase range (PR) : PASS
IST magnitude (ISIm) : FAIL
Normalized differential phase noise : PASS
Overall test result : FAIL

J.4 PCD signal creation for PICC reception tests (informative)

J.4.1

Introduction

The following subclauses describe how to create test signals for PICC reception tests as required for

condit

].4.2

The te
netwo
Hpp W

a) th
b) th

The r¢
transn
filter-4

jons 1 to 4 of .2.2.1.2. Test signals are digitally pre-conditioned before transmission.

ISI};, and ISIg test signal creation

5t signals are created using the baseband model of the test PCD antenna with impedance matching
Ik for bit rates higher than fc/128. This baseband model can be used to derive a transfer function
nich describes the physical antenna resonator. The test signal is created by the following steps:

e sequence of NPVs in its complex representation is filtered by Hyp;
e carrier signal is phase modulated by the filtered NPVs.

sulting digital signal is equivalent to the signal observed at the air interface. Therefore, the
hission of this signal would resultin slightly different ISIjjand ISIg parameters due to the additional
ffect of the test PCD antenna used for transmission,

This signal description does not take into account the additional filter-effect of the test PCD antenna.

A timsd

-discrete baseband filter that creates the desired inter-symbol interference signal (with given

STy apd ISIq) is described in the z-domain by:

H

lon

with p|

b (2)=(1-p)/(1-p-2"),

the complex pole.

The cdmplex pole position p canbe computed for desired ISIy, and ISIq parameters by:

p:

where
is only]

[ Tsr ]
tu—1
%sin(ISIm -EPT)"exp(j-1S14 ) e

sin(lPR)
2

jis theimaginary unitand Ty is the sample duration (the inverse of the sample rate). This equation
validif Tsr < 1/fc.

].4.3

Normalized differential phase noise test signal creation

The defined test signal is created by adding a low-pass filtered pseudo random white noise to the
sequence of NPVs in its complex representation. A second order, Butterworth type low-pass filter with

3-dB ¢
The fil

52

ut-off frequency of 100 kHz is used to filter frequency components above the cut-off frequency.
ter characteristic is illustrated in Figure ].7.
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