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Shape.Xtalk.freq =[0:m-1]' * Shape.dF;

Shape.Xtalk.spec =(Shape. Xtalk.freq>=Fl).*(Shape.Xtalk.freq<=Fh)*(1/300);

Shape. Xtalk DistU = 0:cf/1000:cf;

Shape.Xtalk.DistP = CalcEnhancedGaussDistribution(Shape.X1alk.DistU, cf); %P
Shape.Xtalk.CF_min=cf_min;

% define ingress noise target {(RFI-Tones)

P_dBm ={-70;-50;-60;-60;-40;-60;-60;-40;-70;-40]; % dBm @ 135 ohm

P=(10).(P_dBm/10)*1E-3;

Shape.Ingress. ToneU =sqrt(P*135); % U=sqrt(P*R), effective value
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Shape.Ingress. ToneF =[99;207;333;387;531;603;711,801;909;981]*1E3;
Shape.Ingress.ModDepth = 0.32*ones(10,1);%=mod index > 0.8, at CF>2.5 )
%=-10kHz .. +10 kHz)

Shape.Ingress.ModWidth = 2*¥4.5E3*ones(10,1);

ooooao

gboooboobooboobooobooobooboobodd g
gooobooobobooboooboogobooboobonn gooooooboban
ugboobooooboaoood

uoooooooboooboooooooooboao
ugbooobooboboooooooboobao
oooooooooococoooooooobooon
goooboooobooobooboogoboobobo gooooogao
goooboooo booobooooobooboobodd

ooooao

ugbooboooobooboobooobooboobodd gooaoodgan
gbooobooboobooooboooboobooboand gooooooboaoan
ooooooobooocooooooobooooooogoao ooooooooooan
goooboooobooobooboogoboobobo gooooooboban
gboooboobooboobooobooobooboobodd

ooooao

gooobooobobooboooboogobooboobonn gooooooboban
ugbooboooobooboobooobooboobodd gobooaoobooobod
ooooao

gbooobooboobooooboooboobooboand
ooooooobooocooooooobooooooogoao O

goooao

oooooooooboooooooao

obooobooboobooboobao
ugbooboooobooboobooobooboobodd gobooooobdaobad
gooooooboooooooooao

20

30

40

50



I e e e s A
OO ooo4o0 oo oooo oD oo oDoooOo4o0ooooog
OO0 00O ooo4o0oDoDoooo oo ooDoDooogooooodg

[ I R |

O 0Ooo0oooao

O

OoooooogooQogooao

OO0 ooooodg
Ooooooood
Oooooooodg

O
O
O
O
O
O
O
O
O
O
O
O

OO0 ooooogogogoooao

O
O

Ooooooooood
Oo0oooooogoogodg

O
O

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |

O
O
O
O
O
O

O0Ooo0oooo
OOoo0oooao
O 0Oo0oooaog
O0Oo0oo0ooao
O0Ooo0oooao

O
O
OJ
O
O

O
O
O
O
O
O
O
O
O
]
O
O
O
O
(]
O
O

O Ooooo
O Ooooo
O OoOgoo
O Ooo0ooo
O Ooo0oono
O Ooooo
O Ooooo
O OoOgoo

(25)

O Ooo0ooOono
O Ooo0ooo
O OooOooo
O OooOooo
O O o0goaog
O Ooo0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0ooo
O 0Oooo
O Oooo
O Oooo

JP 2004-503177 A 2004.1.29

uboobooboboobooboadnb

uboobooboobooboooboaoadanb

uboobooboboobooboadnb

ooooooooooan
goboobooboobooboobonb

Oooooogoogdg

O
O

Oooooogogdg

O 0Ooogoo
O Ooogo
O 0o oo
I Y [
O 0o o0oo
O 0o oo
O Ooogo
O Ooogoo
I [ [
O 0o 0o o

O
goboobooboobooboobonb

oooooobooogogao

10

20

30

40

50



OOo0oooooooDooDoooooooooodg

[ Ry |

O0Ooo0oooao

Oooooooogooooaoo

O OO

O

(26)

O
O
O
O

O 0Ooo0oooao
O Ooo0oooo

[ i R
O OO
O O o
O 0O O
O OO
O O
O O
O O
0O O
O O
O O
O O
O O
O
O

Oo0ooooooooooog
O
O
O
O
O
O
O
O
O
O
O
O

|DDDDDDDDDDDDDD
OO0 o0Dooo4dgUoooDooogogooao

O

Oooooooooooooogoogoooao
O
O
O
O
O
O
O
O
O
O

OoooooooQgooao

[ i R |

O
Ooo0ooood
OoOoo0oooogod
OOo0o0oooogod
O 0Oooo

Ooooooodg
OO0 ooooodg
Ooooooood
Oooooooodg

O Oooo
O Ooogo
O O0ooo
O O0ooo
O Oooo
O Oooo

JP 2004-503177 A 2004.1.29

gbooobooooobaoad

oooooooooooan

goooooooobooao

goooboooboooboonn

oooooobooogogao

goooboooboooboonn

10

20

30

40

50



I [y |

C— — —

oo o oooooogogoo
OO0 oooooogogooo
OO0 o0ooooogogoo
OO0 o0ooDooogogogao

[ I R |

OO0 ooooooQgoooo

[ I R |

OooooooogogQgogooQo

Ooo0oooogQgg

%

O o0Oood

27)

JP 2004-503177 A 2004.1.29

oooooooobobooooouooooooboooooOoooooboobooooao
oooooooooobDoao

O
O

O Ooo0oono

O
O
O
O
O

O

Q(x) = GG {-1} FF (x)

[ |

O

O Oooo

O Oooo

O 0Ooogo

O 0Oooo

O
O
O
O
O
O
O
O
O
OJ

gooobooboobooboaodab

gboooboobooboooboaoadab

gooobooboboobonb

oooooooboboOoooogao

OoooooQgogoao
OooooogoQgogoaoQg

OOoooooogod

O o Qgo

O

O
Oooooooodg

Oooooooodg
Ooooooogod
OOoooooogod
OoOoooOooood
Oooooooodg
Ooooooood

O Oooo

O O

O Oooo

O o0ood
O

ugbooobooboboobooadhb

O

oogao
oboooboboooboonboao

O

OooooogoQgdg

OoOoooogoood

Ooooooodgdg

Ooo0oooogoQgdg
Ooo0ooood
OoOoo0oooogod
OOo0o0oooogod

O o Qgo

O O

OooOoo0oood
Ooo0ooood
Ooo0oooogod
OoOoo0oooogod
Ooo0Ooo0oood
OooOoo0ooood
Ooo0ooood

O

O
O

ugbooobooboboobooadhb

goodoao

10

20

30

40

50



I [y |

C— ™ o

[ Ry |

O 0Oooo

[ T e T e T e T e T e T e T e B |

oooo U

OooooooQgoQgaog
OoooooogogaoQg
Oooooogogaog
OO0 oooogogdg
OoooooooOgoad

(28) JP 2004-503177 A 2004.1.29

gobooobooobooaoboodgan
oooooooooboboooooooooao
gobooooobobobooboobooboobooobooboooboban

O oOooo
O Oooo
O

ugbooboobouobooboouoboobobooboooboouobooboobaoodnb
gooao 10

Urms = sqrt(sum(U."2)/length(U));
Upeak = max(abs(U));
CF = Upeak/Urms;
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Alpha = le-3;

Sigma = sqrt{ (1+Alpha) - Cf*2 ¥ Alpha/3);

x= x.*¥ (x>0) .* (x<Cf) + Cf * (x>=C{);

denominator = Alpha + erf(Cf/(sqrt(2)*Sigma));

F=1 - (Alpha * x/Cf+ erf(x/(sqrt(2)*Sigma)))/denominator;
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DistU = xx(:);

Unms=sqrt(sum(U.*U)/N);
P=exp(-0.5%(DistU/Umms)."2); P=P/sum(P)/dX;
DistU=[DistU,DistU];

DistP=[DistP,P];
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Title

A method of and a device for generating a signal having a predetennined quality

criterion for use in or on a communication system.
Field of the [nvention

The present invention relates, gensraily, to communication systems and, more
specitically, io 4 sipnal for use with a communication system, a method of and a system
for generating such a signal, a wethod of testig the operation of a communication
system using such u signal, a test system and a (telejcommunication system arranged for

operating such a method.

Background of the Invention

Among others, for lesting communication systems and communication
equipment, such as x38L transceivers and cables or networks, test signals are needed
for stressing the communication system and the communication devices m a manner that
is representative to actual deployment scenaros, with large numbers of systems or
sysiem dovices per cable.

By measuring the transraission performance of the system or system device
under realistic (noisy) test conditions, one can improve the design of (he system or
devices andfor prove that their performance is compliant with standards, such as issued
by BETSL, ITU er ANSI or other (tele)commuanication bodies.

A mefhod of executing such perfortnance tests ia 1o generate a signal which is
known as impaioment. More specifically, impaitment can be subdivided into:

(i} eross-talk noise, baving a nolse profile characterized by s spectral envelope
and spectral arnplitnde distribution ¢.g. from neighboring xDSL systems;

(i} ingress noise, composed of discrete frequency comporents, also called rfi-

tories, having a noise profile characterrzed Dy a Dumber of discrete frequency

CONFIRMATION COPY

JP 2004-503177 A 2004.1.29
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compenents and specizal ampliiide, modulation depth and modulation width parameters
atiginating from radio and amateur broadeasting, for example, and

{iif) impulse noise characterized by signal pulses cavsed by switching operations
and components for example.

In the case of ingress noise, the frequercy may vary (sweep) in time.

A device for generating impairment is known as an impairment penerator and is
aranged, in particulac for use i or on communication sysiems, for generating at least
one of said cross-talk noise and ingress noige.

In practice, for testing whether communication systerns and commmugication
devices are conapliant with standards, various noise profiles have been defined which,
amwng others, vary in acenrdunce with systern parumeters such as the length and number
of wire pairs in a communication cable and the transmission data rate, for example.

Further, each difftrent type or length of 2 ransmissior medium such as a cable,
a copper cable or an optical fiber or other cable (ype, request a different noise signal.

Metheds and devices for gencrating neise profiles are known in the art. In
particular, filtering techniques and filters are known for generating noise from an input
signal providiog an owiput signal having a particular spectral envelope and spectral
amplitude distribution.

However, by using filtering iechniques end filters, a causal relationship is
estabtished between the input signal and the output signal. Those skitled in the art will
appreciate that such a type of signel is less suitabje for a realistic imitation of real
operabional communication systems and communication devices.

WO p0/1518] disclosss 2 mothod and a device for generating a rondom time
domain sigral approzching a predetermined histogram of amplitudes. In a first step, the
signal is created by filtering a noise signal, such es a white noise signal, thereby
producing a signal having a predeiermined spectral envelope. In a next step, a non-Jinear
function is applied to the filtered noise signal, 3o as to produce the required time domain
signal approaching the predetenmnined histogram of amplitudes. In 4 further step, pulse
response Bliering is applied to the time domain signal, fo corect #ts spectral euvelope
und to obtuin an output sigra? having a required spectral envelepe. Both, the non-linear

JP 2004-503177 A 2004.1.29
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function and the pulse response filtering function are special functions selected in
accordance with the spectral envelope ta be provided.

W0 00/1614] is lmited in the sense that there is only provided a time domain
signal only haviog & predetermmed speciral envelape WO D0/1G181 is silent with
respeci o other quality critedon’s to be imposed on the time domain signal to be

provided, among nthers phase properties.

Summary of the Inveniion

I# is an object of the present invention io provide an improved signat for use with
communication systems and comumunication devices, i particular for testing such
systems and devices in accordance with predefined (standurdized) noise profiles.

n a first aspect of the prescnt invention, there is disciosed a roethod of arranging
a sigoel having a predefined quality criterion, preferably for use in or on a
compmmication system, the method comprising the steps oft

- representing a first signal comprising a plurality of frequency coroponents gach
baving spectral amplitode and phase properties, acd

- processing the represented first signal by amanging the spectral amplitude
properiies in accordance with the or each predefined quality criterion, and arranging
random phase propertics.

The traditional way of modifying the sovelops of a gpectrum is the usage of &
digital filter hark. This is far from ideal since, for the purpose of the present invention,
no causal relationship between the represented first signal and the signal to be provided
has to be established. This understanding of matters in accordance with the present
invention simplifies the approach of frequency shaping significanily.

Starting from 2 first signal having random phase propertics, freguency shaping
of the represenied first signal niay be an adeduate operation to provide z signal meeting
the predefined quelity criteria, for example. Frequency shaping in accordance with the
present invention can be performed in several ways.

In su embodiment of the invention, the first signal is represented by a first set of

JP 2004-503177 A 2004.1.29
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rutbers specifyinp a spectral amplitude and phase of each fregquency component,
Scaling of the spectral amplifude of each frequency component suffices to effect
frequency shaping of the represenied signal in the frequency domain, while maintaining
the random phase properties of the signal.

In a further embodiment of the invention, the first signal is represented by a
second set of complex numbers having 2 real part and an imaginary part, which parts in
combination specify a spectral amplitude and phase of cach frequency component.
Frequency shaping is cffected by adequately scaling the complex numbers, however
such to maintain random phase prapertics afier scaling of the represented first signal,

In a yet further embodiment of the {nventien, the first signal (s represented by a
third set of numbers each specifying an amplitude of the first signal in the time donain,
By wansforming this third set of numbers from the tme domain into the frequency
domain using, for example, a Fast Fouricr Transform (FFT} algonibomn, the fisst signal is
represented by a fourth set of numbers specifying a spectral amplitude and phase of each
frequency component. This fourth set of numbers can be farther processed by a
frequency shaping operation, ag disclosed above i connection with the first set of
numbers.

Haowever, the third set of numbers way also he transformed, in accordance with
the invenlion, from the time domain into the frequency domam for represeniing the first
signal by a fifth set of complex numbers having & real part and an imaginary part. As
disclosed ahove, for the purpose of frequency shaping, the fifih set of complex numbers
has to be adequately scaled.

In the case of a represented first signal having non-random phase properties,
random phase properties can be approached by properly arranging the second, fourth
and fifth set of numbers.

Scaling in the frequency domain can be invoked by multiplication operations,
using real or complex sealing factors. The scaling factor for multiplication of the
spectral angplitude of a frequency component is found by dividing its desired value by
its actual spectral amplitnde.

In accordance with a furiker embodiment of the method aceording to the

JP 2004-503177 A 2004.1.29
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mvention, in order to achieve a closer mateh to the or each predefined quality eriterion,
post-processing of the processed vepresented first signal is provided,

For vsg jn or on a communications system in accordance with the present
invention, however, the represented first signal thus arranged in the trequency domain
has to be transformed into the tirne domain vsing, for examyle, an Inverse Fast Foutier
Transform (IEFT) algorithm.

Further, the processing sleps disclosed above may also a include opetations such
ag convolution or deconvalution or multiplication or zdd-on of signals,

In the time domain, the processed represcnted first signal meeting the or each predefined
quality criterion may be represented among others by a sixth set of sumbess in the tiwe
domain.

Hawever, with the above approach the sigoal provided, meeting a gquality
criterion 0 the frequency domain, such as a predefined envelope of spectral amplitudes
and random phase properties, ray not yet mect a quality coiterion in the fime domain,
such as a predefined time domain amplitude distribotion,

Io a yet firther embodiment of the method according to the invention, the or
each predefined quality criterion compeises any of a group including a predefined time
domain amplitude distribution and a predefined envelope of spectral amplitudes.

Accordingly, in a further embodiment of the method according to the invention,
the processed represented first signal is artanged in accordance wilh a predefived time
dorpain emplitude distiibution.

In a stiil further embodintent of the method according to the invention, the
processed represented first signal is amaoged in accordance with a predefined envelope
of speeiral amplitudes,

For providing a signal which accurately meets predefined yuality criteria in both
the frequency and time domain, according to the ipvention, at least one of the time
domain amplitude distribution and the envelope of speciral mmplitudes is approached by
an iteration process. Arpplitude and frequency shaping may be repeated us often as
requited until both shapes meat the requireiments wathin reasonable acoracy.

In an cmbodiment of the invention, the iteration process compiises a
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comparison, after any iteration step, of any of the time dorain amplitude distribution
and envelope of speciral amplitudes of the processed represented first signal with a
predefined time domain amplitude distribwtion and predefimed envelope of spectral
amplitudes.

1t has been observed that there is no nced to perform a full time domain
chavacterisiic check after fieguency shaping to figure owt whether the time domain
characteristics are close encugh to the requirements. A simple check of the crest facior
requirement has proven to be adeguaie in practice to enable the deciston whether to stop
or {u continue with the iieration. The crest factor of the signal iz defined as the relation
of the maximum or peak amzplitude of the lones of the signal compared to the average or
rms vajuae of the tones of the signal.

The method according to the invention as disclosed above is, in particular,
suitable for generating, amonys others, cross-talk noise,

If a signal having the characteristics of ingress noise is to be geverated, i a
second aspect of the method according to the invention, the or cach predefincd quality
criterion comprises at least one modulated carvier, the or each modulated carrier
including any of a group comptised of a carder frequency, & curser amplitede, a
modulation depth, and 1 modulation width.

By shaping the represented first signal in accordance with a quality criterion or
quality criteria indicated sbove, a signal ropresenting a particular type of ingress noise,
having 4 pardeular time domain amplitude distribution, and a predefined envelope of
spectrel amplitudes can be easily and very cfficiently provided.

In accordance with the method of the present invention, the signal meeting the or
each predefined quality erjierion can be provided by combining a plurality ot signals
pracessed as disclased above.

For use of the signal in, for example, the testing of a cormmunication network or
a commmication device, the processed reprosented signal has to be transformed from
the: frequency domain into the time domain UsIE, amoeng others, a FFT sigorithm, for
example.

The invention turther provides to combine the signals generabed in accordance
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with the first and second aspect as disclosed ahove. However, also other signal
companents may be included,

In particular, in aceordance with the method of the present invention, the signal
having the or cach predefined quality criterion ie a noise signal,

In a third aspect of the invention, a2 mathod is disclosed of testing the operation
of a cornmunication systern, which method comprises the steps of:

- generating a signal having a predsiermined quality eriterion in accordance with
the method of the iovention disclosed above, and

- lransfernag the signal through the comraunication system under test.

The signals can be genersted and stored using a set of instructions in a code
format and excouted in a predetermined order on a device. Such set of instructions can
be software code compiled on a computer and stored in the cotmputer or a netwerk of
computers or a floppy or CD-ROM or threugh the Internet. The software and/or signals
produced can also be stored on an Atbitrary Wave Form Generator (AWG) card and the
AWG can be used to generate the signals or to reproduce stored sippals from the
memory. It is therefore possible to have a library of signals available stored on a data
carrier that can be nsed in the execution or use of the method aceording to the invention.

The communication $ystems can be devices such as xDSL modems, or chips
within or for such modems, or cables in the neiwork, or networks for (tele)-
communigation.

In & fourth sspect of ¢he present invention a furiher method is disclosed of
arrunging & signal for use on or in a communication, systcm. Preferably the signal is a
noise signal. The signal may comprise crosstalk noise that is a random signal with
predetermined properties in the freqnency dormain and in the time domain. The signal
can turthermore comprise rfi-tones that have a discreie frequency spectrum. Also other
signal components can be included in the signal.

The method comprising the steps oft

- tepresenting a first signal in time domain having a time domain amplitude
distribution, the signal having a spectral demsity in the frequency domain, thereby
achieving a represented signal;
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- processing the represented signal in accordance with a2 non-lincar
transformation, the non-linear iransformation achieving at least one predefined quality
criterion,

- the time domsin amplitude distribution of the represented signsl being
processed at least with an inverse function of a predetermined time domain ammplifude
distribution,

The method mey further comprise the step of comparing the tme domain
amplifude distribution of fhe represented signal with the predetermined time domain
amplitude distribution, and thereafier arranging the non-linear transformation in arder io
achieve a processed represcnted signal having a time domain emplitede distribution
approaching the predetermined time domain amplitude distribotion,

In a fifth aspect of the present invention a method is disclosed of further
comprising the step of comparing the time domain amplitude distribution of the
represented signal with the predetermined time domain awmpliade distribetion, and
thereafter arranging the non-lincar transformation in order to achieve a processed
represented signal having a time domain amplitude distribution appreaching the
predeienmned time doman amplitude distribution.

According to the fitth aspect of the invention the method can also comprise the
steps of represgating a first signal in time domain and with an amplitude distnbution and
the signal having a spectral density m the frequency domain, thershy achieving a
represented sipnal, and filtering the represented signal in the frequency domain
including the steps of evaluating af least part of the signal representation in the
frequency domain and thereafter processing the represented sigmal in the frequency
dermain.

The methods of the fourth and fifth aspect of the invention can be combined. The
methods of the fourth and fifth aspect of the invention allow to make & signal in
different iterative steps that has a predetermined amplitude distribution andfor that has a
predetermined spectral density or that has a amplitude distribution and/or that has a
spectra) density according to a predefined quality eriterion, The predefined quality

criterion can be the crest factor of the signal, that is the relation of the maximum or peak
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value of tones of the signal compared to the average valve or mms-value of the tones of
the signal, The processing steps as recited hercabove can comprise the steps of a Fast
Fourier Transformation (FFT) or Inverse Fast Founer Transformation (IFFT), The
processing steps can also a include operations such as a copvolution or deconvolution or
multiplication ot add-on of signaly,

In the method of the fourth aspect, the ampliiude distributien of the represented
signal 15 processed ncluding a function of the predetermined smplitude distribution,
which can inchule an inverse function of the predctermined amplitude distribution.

The method as rovited of the tourth and fifth aspect of the ipvention can fwther
comptise the steps of iransforming the first signal in the frequency domain; multiplying
the first signal in the fiequency demain with a spectral envelope thereby achieving a
multiplied signal; and ihereafter representing the meltiplied signal in time domain.

In the methods, the first signal in its representation in the frequency domain can
be genersted as a set of random nmumbers, preferably complex munbers the modulus of
the complex number characterizing amplitude, the argument of the complex number
characterizing phase and the real and/or the inaginary part of essentially cach of the
complex numbers can be chosen according to a Gaussian distribution. Hach of the
complex. pumbers can be subsiantially equal to the amplitnde of the predetermined
spectral density.

In & sixth aspect of the present invention, a signal is disclosed comprieing at least
a random noise signai, the tandom signal heving an amplitude distribution in the time
domain  accordmg 1o a predetermined quality oriterion and a spectral density in the
frequency domain according 1o a predetermined quality criterion, the randem signal
heing compesed of an amay of randon numbers. The signal can fusther comprise a
discrete tregquency spectum. The noise signal cam be generated using a set of
instructions in 2 code fermat and being executed in a predetermined order. Such set of
instruetions can be software code compiled on a computer and stored in the computer or
a network of computers or a floppy or CD-ROM or thecash the internet. The software
car also be stored on an Arbitrary Wave Form Generator (AWG) card and the AWG can

bt used to generate the signals or reproduce stored signals from the memary. It is
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therefore possible to have a library of signals available that can be wsed in. the execution
or use af the methods of the fourth and fifth aspect of the invention.

1n a seventh espect of the present mvention, & method is disclosed of generating
a sigmal comprising at least a random noise signal, the random signal having an
amplimde distribution in the time domain according to a predefincd guality criterion
and having a spectral density in the frequency domain according to a predofined qualily
vriterion, the randoem signal being composed of an array of random numbers, the method
comprising the step of generating a random set of numbers using a set of instructious in
2 code format and being exceuted in a predetermined order. The mathod can further
comprise the step of generating a discrete frequency spectrum, the discrete frequency
specttum hsing goniometry functions and modulating essentially each of the discrete
frequencics with a noise characterisiic. The random noise signal and the discrete
frequency spectrum can be combined vsing a set of instructions in a code format and
heing exccuted in 2 predetermined order.

Tn an cight aspect of the present invention, a st of instructions is disclosed in a
code formal and executable in & predeterined order, the set of instructions being
arranged for generating a random noise signal and a discrete frequenay spectnom, the
rendom signal having an amplitude distribution in the time domain  according to a
predeternined quality criterion and heving a specital density in the frequency domain
aceording to a predetermined quality criterion. Such sef of instructions can be sofiware
code compiled on a computer and stored in the compuier or & network of computers or 8
floppy or CD-ROM or through the internet. The sofiware can also be siored on an
Arbitrary Wave Form Generator {AWG) card and the AWG can be used to pencrate the
signals or reproduce stored signals fram the memory. li is therefore possible o have a
Tibrary of signals available that cap be used. The software can be C-code or can be
compiled in a MATLAB snvironment.

In a ninth aspect of the present invention, a sysiem for testing the operation of a
communication system is disclosed comprising a set of instructions in 2 cade format and
enecntable in a predeternined order and compiled on a device, the set of insiruchions

being avranged for penerating & noise signal comprising at least one of a randow noise
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signal and a discrete frequency spectrum, the randorn signal having ap awmplitude
distributicon in the time domain according io a predetermined qualily criterion and
having a spectral density in the frequency domain according 1o a predetermined quality
criterion. The test system according to this aspect of the invention can camprise an
fmpaitraent generator for generating the noise signal.

The connection elements (iransformers, active devices, attenuators, otc.) thai
connect the impairment generator to the communication system that is tested can have
an unwanted frequency dependent response. The unwanied freguency dependent
1esponse can be measured for insltance by generafing specific test signals in the
impairment generator. The unwanted frequency dependent responsc car be compensated
by multiplying the desired spectral density of the signal divided by the unwanted
frequency dependent response of the copnection lement.

Tn a tenth aspect of the present invention, a moethod of testing the operation of a
communication system such as a xDSL modem is disclosed. The methed comprises the
stepy of superposing on a signal transceived by a the moedem, a signal coroprising at least
one of a random noise signal and a discreie frequency spectrum, the random signal
having an areplitude distribution in ihc time domain according to & predefined guality
criferion and having a spectral density in the frequency donsain according te a
predetermined quality criterion., the noise signal lurthermore being composed of an
aray of random mumnbers.

In an eleveath aspect of the present invention a method of testieg the quality of
operation of 8 communication system is disclosed, The method comprises the steps of
superposing on a signal transceived by a the modem, a signal comprising at Teast one of
 raudom noise signal and a discreie frequency spectrum, the random signal having =n
amplitude distribution in the time domain according to a predetermined quality criterion
and having a spectral density in the frequency domain according to a predefined quality
criterion, the neise signal furthermore being composed of 211 amay of random numbers,
and evalvating the transceived signal according o & predefined quality critexion.

Yet in u bwelfth aspoct of the preseni invention, a method of improving the

design and/or production of a communication system is disclosed, the wmethod
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comprising the sieps of superposing om a signal transceived by a the modem,
stiperposing on a signal fransceived by the modem, 2 sigoal comprising at lesst one of a
randon noise signal and a discrete frequency spectrum, the random signal having an
amplitode distribution in the time domain according to 3 predetermined quality erterion
and having a spectral density in the frequency domain according to a predetermined
quality criterion, the noise sigmal furthermore being composed of an array of random
numbers; evaluating the transceived signel according to a prodeicrmined quality
criterion; and iteratively arranging the design of the modem in order ic approach closer
to the quality eriterion for evaluating the franseeived signal.

In a thirteeath aspect of the prescnt invention, z telecommunication network is

disctosed including a signal comprising at leasi one of a random noise signal and a

discrete frequency spectnum, the random signal having an amplitude distribuiion in the ‘

time domain according to a predetermined quality critecion and having a spectral
density in the frequency dowmain according to a predeicrmined quality criterion, the
noise signal furthermore being composad of an array of random numbers,

The featares of the above-described aspects and embodiments of the invention
can be combined.

The signal, the methods and the set of ingtructions recited hereabove will allow
to kave a better quality of signal iransmission cver media such as telephone cables or
wireless media. A better transmission of signals allows for a broader providing of more

services for the users of comnunication systems.

Brief Description of the Figures

Figure 1 shows, in a block diagram, a set-up for a performance test in a
communjcation systern, using an impairment generator operating in accardance with the
methed of the present invention.

Figure 2 shows a flow diagram type of embodiments of the method according o
the invention.

Figure 3 shows, in a graphic representation, an embodiment of the method
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according to the invention for generating ingress noise.

Figure 4 shows a flow diagram type of further cimbodiments of” a method
according to the invention.

Figure 5 shows an amplitude distortion {nen-linear transformation) function Q¢x)
that amplifics the high amplitude peaks or tones in & signal.

Pipure 6 shows in a flow diagram an example embodiment of the invention.

Figures 7-11 show results that are obtained accarding to an embudiment of the

invention.

Detaifed Description of the Embodiments

For the purpose of tzaching the invention, aspeets and eirbodiments of the signal
and method and systems of the invention are described helow. It will be appreciated by
those skilled in the art that other alternative and cquivalent embediments of the
invention can be conveived and reduced to praciice without departing form the frue
spirit of the invention. The scope of the invention being limited only by the appended
claims.

in an cmbodiment of the invention, a system for testing the operation of a
communication system such as a XDSL transcejver is disclosed. The set up of a test
equipment for a high penewarion of systeras scenario in operational access networks is
deseribed.

A method ig diselosed of arranging a signal for ust on or in a cemmubnication
syslem.

The purpose of iransmisgion performance tesis is to siress xDSL transceivers in a
way that is representative to a high penetration of systems scenario in operational access
networks. This high penstration approach enables:

(i) vomponent and 3ystem dogigners to quantify the performance and to use it to
improve their design and to prove compliance with staodards; and

(if} operators to define deployment rules that apply to most operational

situations.
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Figuse 1 illustraies the functional description of a possible test set-up 1. Tt
includes:

s atestloop 2, being 2 rea) cable or a cable simuiator;

* an adding element 3 to inject impairment noise into the test loop 2;

# a high imopedance, and well balaoced differential voltege probe 4, connected with
level detectors 5 such as a spectrym analyser or an rms volt meter, for example, (not
shown), and

+ xD8L transceivers {modems) &, 7 under test.

When external splitters are required for the xDSL system under test (for POTS or ISDN

signals), these splitter can be included in the modems 6, 7 under test,

The signal flow through the test equipment set-up 1 is from port Tx to port Rx,
which means that measuring upstresn and downstream performance requires an
interchange of tratsceiver position and test "cable” ends. The received signal level at
port Rx is the level, measured between node A2 and B2, when pari Tx as well as port
Ry are ferminated wath the sDSL transceivers (modems) 6, 7 under test. The impairment
generator § is switched off during this measurement. The transmitted signal level at port
Tx is the level, mcasured between node AL and BJ, under the same conditions.

The noise that the impairment generator § should inject into the tesi set-up 1 is
frequency dependent. The noise which the impairment generator 8 injects into the tost
set-up 1 should be a realisiic representation of a real (speciral poliuted) aecess network,
and is:

(a) dependent on the length of the test loop 2, and

(b) diffeyent for downstream performance tests and upaiream performanss tests.
This impairment noise, measured between node AZ and B2, is usually & mix of random,
impulgive and harmonic noise {the di-tones). A sct of characterisfics is identified as a
“noise profile’”.

The signal and noige levels are prohed with & well balanced differentia? voliage
probe 4,

In a fully automated test set-up | the test loop 2, 3 the voltage probe 4 and Tevel

detector 3, the modems under test 6, 7 and the impairment gonerator 3 may connect to a
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Ceniral Processing Lnit (CPU) 9, as schematically indicated with broken lines. Those
skilled in the art will appreciaie fhat the commections with the CPU 9 may involve dats
links for remole testing by the CPU 9,

Definitions that are relevant for theuse of the test equipment are the following
» Probing an mms-voliage U, [V} in this set-up, over the full signal band, means a

power level of P [dBm] that equals: P = 10 % jog,, { U R, » 1000) (dBm];

s Probing an mos-voltage U, [V] in this set-up, within a smal) frequency band of AT
{in Hertz), meang a power speciral density level of P [dBm/Hz] within that fitercd
band that equals: P = 10 x logy, ( Un, £ Ry % 1000/ Af) {dBm/Iz];

s The bandwidth Af ideniifies the noise bandwidth of the filter, and not the —3dB
bandwidih,

Figure 2 shows schematically embodiments of the methed for arranging a sigpal
Uift) i=1,2,3,... for use on or in a communication system in accordance with the
invention, The sigual may comprise cross-talk noisc, that is a random signal with
predetermined properties in the frequency donain and in the tme domain.

As represented by flow [1] of Figure 2, the method comprises the steps of
representing a fivst signal comprising & plurality of frequency components each. havig
speetral amplitude and phase properties, block 10 “First sigoal™, and processing the
represcnted signal by arranging the speciral amplitude properties in accordance with at
lteast one predefined yuality criterion, as well as amanging random phase propertics,
block 11 “Arrange”, thereby achieving a processed represented sigoal,

The first sighal may be represented by a first set of numbers specifying a spectral
amplitude and phase of each frequency component. Furiber, the first signal may be
represented by a second set of complex numbers, having a real part and an imaginary
part, which parts in combination specify a spectral amplitade and phase of each
frequency component. That is, the modulus of & complex number characterses the
spectral amplitude whereed the argument of the complex munber characterises the phase
of the freguency component.

In accordance with the present invention, the represented first signal 190 is

processed to arrange random phase prapesties, However, starting fiom a represented ficst
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signal 10 having tandom phase propertics, for shaping the frequency of the signal in
accordance with the predefined quality citerion, i soffices to shape the spectral
amplitude of the frequency componenis.

The method may also comprisc the sieps of representing the first signal in the
time domain, in that the fst sigoal s tepresented by a third set of nwmbers sach
specifying an amplitude of the first signal io the time domain. By iransfonning the third
sct of nombers from the time domain into the frequency domain, for example veing an
BET algorithm, a fourth set of numbers is schieved specifying a speciral awplitude and
phase of epch frequency component. Likewisc, the fourth sct of numbers is to be
processed by mmaaging the spectral amplitude properties 10 accordance with the at Jeast
one predefined quality criterior, as well as arranging its random phase properties.

By imnsforming the precessed represented sigoal fom. the frequency desain
into the time domain, for exemple using an Inverse FFT algoritn (EFFT), bleck 12
“Transform”, the signal Ul(t) having the at least one predefined quality criterion is
eventnally generated.

While the signal U{) meets ai least one predefined quality coteden in the
frequency domain, such as u speciral envelope and/or pre-emphasise properties, it may
yel be required to provide a signal having & predefined quality criterion m the time
domain.

As disclosed in flows [2] and [3] of Figwe 2, i.e. block 13 “Amplilade Shape”
and block 14 "Frequency Shape”™, the quality criterion in the time downain inay comprise
a predefined amplitde distribution and/or a predefined envelope of spectral amplitudes.

The method can alse comprise the step of making a signal in difterent iterative
steps, see Figare 2 [4]. Block 15 “Test Shape” and back coupling loop 16. Thus the
signal can have a predetermined time domain amplitude distribution and/or a
predetermined envelope of spoettal amphitudes andfor a spoctval density according fo
predeternined guality criterion’s,

The at least one predetermined quabity criterion ean be the orest factor of the
signal that is a relation of the maximum or peak valve of the tones of the sighal

compared to the average or oms value of the tones of the signal.
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The signals can be generated and stored using a set of inatructions in a code
format and execitable in a predetermined order and eompiled on a device. Such set of
instructions can be software code compiled on a compuier and stored m the computer ot
2 network of computers or a floppy or CD-ROM or through the Toternet. The software
can aleo be stored on an Arbiteary Wave Form Geperator (AW() card and the AWG can
be used io generate the signals or reproduce stored signals from the memory. 1t is
thercfare possible to have a Tibrary of signals available that can be used in the execution
or use of the metheds of the first and scecond aspect of the invention. The
communication systems can be devices such as xXDSL modems 6, 7, or chips within or
for such modems 6, 7, or networks for telecommuznication.

The processing in blogk I3 “Amplitude Shape™ in Figure 2 is done for achieving
an impact or control on the lime domain characteristics. An amplitude distortion
(trenstormation) funetion Oy is chosen that ampiifies the high ampliiude peaks or
tones in the signal. A non-linear transformation function Gx) can be reconstructed from
the actual amplitude distribution function of the signal and the predetermined amplitude
disteibution fumction.

For a noise signal f{#} in the ime period ¢ in between 0 en T, the amplitude
digtribution Fra) of the signal is defined as a fraction of the time that the neise fin
abselute value is barger than z. If Gea) is the predetermined amplitude distrbution (such
as an enhanced-Gaussian, see below), and G-/{a) ts the inverse function thereof, the
transformation function CXxJ to make an intermediate or final signal grt) from the noise
signal j{¥} can be defined as:

) = sign(x) - (o} m
glt) =205, @

signix)=x{x) for x<>0; sign(x)=0 for x=0;

As a resalt gr¢) will have the predstenmined amplitude distribution G(a). (%) in a

pumber of cases can be an analytical funciion but can also be numericelly constroeted.
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An example of an enhanced Gaussian fiunction 3s as follows.

The amplitude distribution of Gaussian type noise is:

G@j:l—eﬂ(?%;) <)
with 1 erf () = % ;[drexp(grz ), &

and with ¢ being the RMS value of the signal.

The “ephanced™ Gaussian distribution is defined as:
il} O<x=sd

x/ x {
) = I—[a/’d+cr «Ea”/ka+mf~f§UJ L ®

Q x>d

1f Vs i3 the desired RMS value of the poise sample, and C; being the

desired crest factor, choose:

A=C ¥ Yoy, and {6)
=W+ Vs — ALei3). 9

Typical valucs for « that have proven tsefn) are of 4 magnitnde between 0.001
and 0.01, and this represents the deviation of enhanced Ganssian distributed from a true
Gaussian distribution.

In block. 14, Frequency Shape, of Figure 2, the frequency domain characteristics
of the signal are improved, as a posed-processing step ko achicve a closer maich to the or
each quality criterion. The corrected frequency curve can be achieved, for example, by
comparing (dividing) a predetermined spectral density through the measured speciral
density of the (intermediate} signal U2(t), An example hereof is given in the best mode
embodiment described in the sequel with a convolution of FET functions.

In the part [4] of Figure 2, 1t s shown how an iterative procedure of the steps
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detailed here sbove may fead to a firther improvement of the finish or final signal for
use in of on a cosmmunication systers. The iletative procedure, i.e. tesiing of the
frequancy shape by block 15, Test $hape, and back coupling Toop 16, is execuied until
the predetenmined quality oriterion(s) are achieved.

Figure 3 illustrates in a schematic, graphic reprosentation use of the method
according to the invention for the provision of an ibgress neise sigoal.

As disclosed in the presmble, ingress noise may be characterised by a plarality
of frequency components af discrete carrler frequencies fol, i=1,2,3, ..., The frequency
components at the currier frequency fui each having a carrier amplitude Aci, i=1,2.3, ...,
und, if applicable, having a mrodufation width, i.¢. a number of discrete frequencies at
the feft and right hand side of the associated carrier frequency fci, as well as having a
modulation depth, that is the amplifude of the side frequencies associated with the
respective carrier frequency fei.

Figwe 3 shows, in a graphic representation having a herizontal or frequency axis
{andd a vertical or amplitude axis A, by way of example oy, a4 sipnal comprised of twe
carrier frequencies fcl and fc2, having a casrier amplitede Acl and Ac2, respectively.

Around the camier frequency fol ai cuch side thereof three side frequency
componenis are arranged, each baving an ampiitude Al. For the frequency component at
carrier frequency fe2 on each side thereof two side frequency components are arranged,
each having an amplitude A2,

In accordapce with the present invention, for providing a signal having at least
one predefined qualify criterion, the amplitode of the frequency components have to be
shaped, such as disclosed by ithe dotted lines 1 and 2 in Figure 3.

Starting fromz a tepresented first signal having rendem phase properties, in
accordance with the present invention, by the shaping of the amplitudes, the random
phase properties are maintaired in the signal to be provided having the predefined
quality criterien.

Figure 4 shows schemsaticaily a further embodiment of a method for arranging a
signal for use in or on a communication systern, in pariicular for use if random phase

properties arg already provided for. The signal comprises crosstalk noise that is a

JP 2004-503177 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

36

(55)

WO 0IS473 PUTIEPOTNTRIS

20

random signal with predetermined propettics in the frequency domain and in the time
domain. The signal can furthermore comprise cfi-tones that have a discrete frequency
spectrum. Also other siznul compenents can be inctuded in the signal.

The method further may comprise the steps of representing a first signal in time
domain and with an amplitude distribution and the signal having a spectral dengity in the
frequency domain, thereby achieving a represented signal, and processing the
represgmted  signal accesding o & non-linear transformation, the pon-linear
transformation achieving a predetermined quality criterion. This is shown as amplitude
shaping in Figure 4, flows [2-4].

The method further may comprise the step of represepting a first signal in time
domain and with an amplitude distribution and the signal having a spectral density in the
frequency domaim, thereby achieving a represented wignal, and processing the
tcpresented signal uniil a signal is achieved having a spectral density according to a
predetermived spectral density quality coiterion, This is shown as frequency shaping in
Figure 4, flows [2-4]. The frequency shaping step can alse comprise the step of filtering
the represented signal in the frequency domain including the steps of evaluating at Jeast
part of the signal tepresentation in the frequency domain and thereafier processing the
signal representafion in the frequency domain.

‘The method may also comprise the step of making a signal in different iferative
steps, see Figure 4 flow [4]. Thus the sigonsl can have a predetermined time demain
amplitude distribution and/or a predetermined specival density or a time domain
amplitsde distribution and/or a specttal density according to a predcfined quality
criterion. The predefined quality criterion can be the crest factor of the signal, that is a
relation of the maximum or peak value of the tones of the signal compared to the
average value of the tones of the signal. The signals can be generated and stored using a
set of instrociions in & code format and executable in a predetervined order and
compiled on a device.

Likewise, the set of instructions can be software code compiled on a computer
and stored in the computer or a network of computers or a floppy or CD-ROM or
through the internet. The software can also be stored on an Asbittmy Wave Form

JP 2004-503177 A 2004.1.29
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CGenerator (AWG) card and the AWG can be used to generaic the signals or reproduce
stored sigpals from the memory. It is therefors pussible to bave a library of signals
available that can be used in the execution or wse of the methods of the snvention. The
comrnupication sysiems cen be devices such as xD3L modems, ot chips within or for
such modems, or networks for telecommuuicaiion. In detail the following embodiment
i¢ shown in Figere 4.

Using software, randem numbers are generated, block 16, “Create Noise”. In
hardware wiile nois¢ can be generated. The random numbers are filtered until a
predetermined apectral density is achieved. The random numbers that are generated eack
represent a frequency component. The necessary processing to acldeve 3 predetermined
spectral density iz executed by scaling the amplitude of the complex numbers and
thereafter an IFFT processing is done In order to make the desired noise signal. Another
way of exccuting the method is to generate random nurnbers that represcnt the phase of
each frequency component and thereafter the amplitude of the complex mumbers is
arranged 1o appreach or be equal o 2 predetermined spoctral density

The processing in block 13, "Amplitade Shape", is done for achieving an impact
or control on the time domain characteristic. An amplitude distortion (transformetion)
function (3¢x) is chosen that amplifics the high amplitude peaks or tones in the signal is
shown in Figure 5. The non-linear ipmsformation function D6y can be reconstructed
from the actual amplitude distribution function of the signal and the predetermined
amplitude distibution function, as disclosed shove in connection with the cquattons (-
).

In bleck 14, "Frequency Shape" of Figwe 4, the frequency domain
characteristics of the signal are impraved. The corrected frequency carve is achieved by
comparing (dividing) a predetermined spectral density through the easured speciral
density of the (intermediate} sigmal. An example hereof is piven in the best mode
embodiment described in the sequel with a convolution of FFT functions,

In the flow [4] of Figure 4, like in the flow (4] of Figure 2, again it is shown how

an iterative procedure of the steps detwiled hereabove may lead to a further improvement

JP 2004-503177 A 2004.1.29
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ofthe final for use in or on 2 communication gystem. The iterative procedure is executed
until the predetermined quality criterions are achieved,

With the method according fo the invention, as disclosed above, signels
representing cross-talk noise and jugress nojse can be generated with a device, such as
an impairment generaior 8, see Figure 1, which may be arranged for providing a signal
comprised of both a cross-talk noise signal and an ipgress noise sipnal, while other
signal components may be added to the ontput signal to be provided, if required.

The signal to be provided, in an smbodimen! of the invention, can be
advantageously provided as a sixth set of nunbers in the time domain, for example an
array of pumbers,

Figure 6 shows, in a flow type diagram, an example embodiment of the
invention, nuning on a Personal Computer 20, The impairment noise i3 generated by
block 21, called SPOCS, comprising a block 22, “White naise signal”, a bleck 23
"Speciral shaping”, provided hy FFT, a bluck 24, "Desired noise sigual”, produced from
the owiput of block 23 by IFFT, the resulting signal of which is stored on an AWG card
23. Tn the crosstalk scenario, ie. block 26, a noise PSD js crealed, block 27, which is
furthier pracessed by block 23,

A best mode embodiment of the set of instructions of the inpvention is disclosed
hete below. The code given here below is compiled in a MATLAB environmeat.
Comments related to the functionality of the code are given after the %o signs. For a
person skilled in the art, the code provided is self-explanatory.

Figures 7-% show results obtained with fhe hest mode embodmment, Figare 5
shows a plot of the spectnnm of the generated noise sample phs the PSD of the noise
profile. Figure 9 shows a plot of the generated noise samiple in the time domain. Figure
10 shows a plot of the distribuiion function of the penerated noise sample. Figuse 11
shows a plot of the cummulative distribution functiopn of the gensraied noise sample.
Figure 7 shows a graphical User Interface {UD) and settings of the AWG conirol.

JP 2004-503177 A 2004.1.29
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%
fimction DemolmpairZ;
%
% Demolmpair2

% Code, programmed in the Matlab programming language, that demonstrates the
% basic algorithms of an Impairment Generator.

Y% The demonstrated algorithms have full control over the predefined quality

Y criteria, such as:

Sa - frequency and time domain characteristics {spectram; probability

%o distribution) when generaling noise with continuous spectra

%% - carrier amplitude, carmer frequency, medulation depih and medulation
% width, when gencrating nojsc witl: discretc spectra

Y Both types of noise are calculated independently, and represented in the time
% domain as arrays with numbers.

% Both types of noise can be made available simultanecusly by adding these
4% arrays element wise,

Y {c) 2000-2001 KPN Research;

%

% DEMO FUNCTIONS

% DemoXialkNoise - shows the process of creating continuens noise
% DemolngressNoise - shows the process of creating djscrete noise
Y%

% MAIN FUNCTIONS: Moise is represenied as zn array with random numbers

% DefinaShape - initialize all user-definable purameters

% CreateMoiseCont - gEneraics onlinuels noise

Yo CreateNoiseDiscr_Fast - generate diserete noise, fast algorithm

% CreateMNoiseDizcr_Slow - generate discrate noise, slow algerithm

% Frequency8hape - modify spectral density of continuous noise
% AmplitudeShape - modity amplitude distcbution of continuous
% moise

JP 2004-503177 A 2004.1.29
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% SUPPORTING FUNCTIONS:

% CalelSpec - calculates the spectral density of noise

EC CaleNBRV - cajculates the narrow band signal voitage of

% noise

Y% CaleCrest - caloulates the ceest factor of notse

Y CalcDuatrib - calculates the probability distibution of noise

% CaleCurnDHsirib . - cakulates the cumulaied distribution of noise

% CaleSmoath - stacothes a spectrum, like in a real spectnnn

Y analyzor

% CalcEnhancedGaussDistribution - a sooaple of a near-ganssian distribution

% CalcDemodalation ~ cateulate the noise modulated on a carricr

b o

Shape=DafineShape;

DemoXtalkMNoise{Shape},

DemoTngressNoise{Shape);

[

(o

function [Ut}=DemoXtalkNoise(Shape),

% demonsirates the generation of noise with continuous spectrutn

% e.g. for crosstalk testing

T~ = Shape.R;

CF_min = Shape Xtalk CF_min;

[U,{j=CreateNoiseCont(Shape); plot(t,U); title("Htalk method 1'; sha; pause
[X fi=CalcSpec(U,L); plot(F,X); title("Xtalk method 1'); shg; pause
[X,[=CaicSpec(U,t); plot(EdBm(, R titleXtalk method 1'); shy; pause
[Pu]=CaleCumnDistcib{U); plot{u.P); title{"Xtalk method 1"); shg; pause
%

U=AmplitedeShape{U Skapey;  ploktU); title{ Xtalk method 2'}; she; pause

JP 2004-503177 A 2004.1.29
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[¥,f1=CalcSpec{U,t); plof{{,X} title("Xtalk meibod 2'; shg; peuse
X, fi=CalcSpec(U.0); plofdBmOLR)); tile(Xtalk method 2Y); skg; pause
[F,u}=CaleCumDistrib{U}; plot(u,1); title("Xtalk method 2'); shg; pause
%
U=FrequencyShape(U,Shape);  ploi(t,U}; fithe( Ntalk method 3'); shg; pause
[X.f]=CalcSpec(U.1); plot(f,X); title('Xtalk method 3%); shg; pause

[X,f]=CaleSpec(U,{);

[P uj=CaleCumbPismib(U);
Yo

for i=2:1G

ploi(EABmCLR)); title(Xtalk method 37); shg; pause
plot{u,P); title{'Xtalk method 3"); shg; pause

1
U=AmplitudeShape(UF,Shape);
[¥ f=CaleSpec(l t)y;

%
U=FrequencyShape(U,Shape);
[, =CaleSpec{U i)

%

if CalcCrest(Uy~CF_mir, break; end;

end;

[T u}=CaleCumDistrib{LI);

ploi(t,L); title("Xtalk method 4'); shg; %apause
plot(£,dBmOCR));  fitle('Xtalk method 4%; shg; Yopause
ploi(u.P); title{'Xtalk method 4"); shp; %pause

[

fimetion [, Hi=DemolngressNoise(Shape);
[

% demonstrates the genetation of noise with discrete specinnm e.g. for ingress testing
R = Shape.l,;
[U,5i=CreateNoiseDiser_Fast{Shape);

2004-503177 A 2004.1.29
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%[, t=CreateMoiscDiscr_Slew{Shape); Yogives same result
[X,fI=CaleNBSV(U.1); plot(f,dBm(E,R)); tiile( Tngress methed’), she; pause
for ToneMNi={L:2]

[Uac,Uac_rmsj=CalcDemodulation(l,t,Shape, ToneNr);

plot(t,Uac); titlel'demodulaied ingress noise of one carrier’); shy, pause

[P,u]=CalcDistril{ ac/Uae._rms);

plot{u,P); title{'distribution of demod noise’); shg; pause

end;

function [Shape] = DefineShape;

0,

%{reate ihe noise profiles for the ovise that should be generated, in terms of

o - spectral density {in this example reciangular in nature)
% - prohabitity distribution (in this example near Gaussian}
% - tones and modulation

% Speetre in Yolt per sqri(Hz)

o,

Fmax=4E§; FI=300E3; Fh=7D0E3; N=2"18, R=135,

cf=5.5; % desired crest factor)

of min=51; % desired crest factor)

m=Nf2;

%

Shape.Ne=N; % number of time samples
Shape.m=m; % number of freq sasaples
Shape.dF= Fmax./(m-1}; % frequency spacing

Shepe.dT= 1/(N*Shape.dF); % tirne spacing

Shape.R=R; % inpedance of desired neisc source;

% define crosstalk noise target {Spectral density & Amplitude Distribution)
Shape. Xtalk.freq <[0:m-1]' * Shapec.dF;
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Shape. Xtalk.spec =(Shape Xtalk freq>=F1). ¥(Shape. Xtalk. freq<=Fh)*(1/300);
Shape. Xtalk.Distll = 0:cf/1000:cf;

Shape. Xiallk DistP = CalcEntuncedGanssDistribution(Shape Xtailk DistU, cf), AP
Shape.Xtalk, CF_min=cf it

% define ingress noiss targat {RFI-Tones)

P_dBrm == 70;-50;-60:-60;~40;-60;-60;-40;-70;-40]; % dBm @ 135 ohr
P={10}."(F _dB/10)¥1E-3;

Shape. Ingress. Tonel =sqrt{P*135); % U=sqri(P*R); offective value
Shape.Ingress. ToneF =[59;207,333;387,531,603,71 1;801;909;9811*1E3;
Shape.Ingress. ModDepth = (.32%enes(10,1);%=mod index > {.8, at CF>2.5 }
Shape Ingress.ModWidth = 2*4.5E3%ones(10,1}; %= -10kHz ., +10 kHz)

sa--

fiunction [U,t] = CreateMNoiseCont{Shapa);

o

% create a neise voltage Uft), with predefined frequency domain characteristics
% {spectrum], but with uncontrolled time domain characteristics (d2stribution)

N = Shape.N; % number of samples, to be generated
YLl = rand(N,1); % Uniform distributed white noise

U = randn{N, 1}; % Geussiar distributed white noise
U = FrequencyShape(U,Shape); %o shaped tioige

=[0:N-1T" * Shape.dT; % associaied time axis

0,

o

function [U,] = CruatcNolseDiser_Fast(Shape);

o

% Create a voltage (I(Y), with AM modulated carriers (RFI Tones), each havizg an

% individual predefined frequency, amplitude, modulation width and modulation depth.

% The rangor phase of the lower side hand of cach eatricr fope i3 mirmored to

% convert erbitrary GAM modulation into {no mirroring) into the more restricted

JP 2004-503177 A 2004.1.29
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% AM modulation (fill mirroring)

%% Mark that X refers in this algorithm to the components of  the Fourier series
% of the (ncar harmonic) ingress noise signal , while it 1efers to the

% spectral density in case of the (pscudo random) crossialk noise signal

%

% Caleulation time increases about linear with the nurober of samples

% About 80% of sll calculation time ia caused by the inverse Fourier transform

)

N = Shape.N; % number of samples
m == Shape.m; % half this number
Ne=round(Shape.Jagress ToneF/Shape.dF)+!; % index of carrier fieg (pos only}
Nm=round(Shape. Ingress.ModWidth/Shape.dF/2);, % number of modulation
% components
Xe=0.5*Shape Ingress. Tonel; % amplitode of carrier amplitude
Xm=S8hape.Ingress ModDepth *Xc./sqri(Z*Nm); % amplitude of modulation band
He=zerpa(N,1); % injtialization
Xe=Xc. *enp(i* 1000 rand{size{Xc)}); % random carrier phase
Heo={Xe.*Xe) fabs{Xc ¥ Xc)
for k=1-lengih(Nc) % for all modulated camers, do:
Nmp=Ne)+[ 1 Nm(k)]; % Jocate upper side band
frequencies
Nmn=Nc(k)-{1 ‘Nm(k)]; % Jocate upper side band
% frequencies
Kinp=Xm(k).*exp(j* 1 000*rand(size{Nmp})); % oreate upper side band
Mmn=conj(Xmp}*Xcc(k), %% murror lower side band
X(WNmp)=3inp; % insert upper side band
X{Nmn)=Xmn; % insert Jower side band
end;
K(Nc)=Xu; %% inserd all caniers
KN - 2)=conj{X{2:ceii(m))), % Appead spectrum

JP 2004-503177 A 2004.1.29
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% {negative freq.)

% Transform fo time-domain
% Transforn to time-domain
o, (10% taster)

% associated time axis

o

function [,1] = CreateNoiseDiser_Slow(Shape);

a

% Create a voltage U(t), with RF] Tones at predeficed frequency, amplitude
% and modulation bandwidth and moduiaiion depth
% Tlis algorithmk is straighi-lerwad, very ineflicient, and for demo purposes ondy

% It can prove that CreateMNoiseDtiscr_Fast retnms the same resuits

n,

N = Shape.N;

m = Shapem;

£]0:N-1]' * Shape.dF;

=[ON-1]' * Shape.dT;

Fe=Shape. Ingress. ToneF;
Fe=8hapc.dF * roond(Fe/Shape dF);
%

U=0;

for k=1 length(Shape. Ingress. ToneF);

% number of samples, to be generated

%a list of carrter frequencies

% force an integer mmuber of periods

% -- create noisy modulaie, having U_svg=0 and U_mms=1.

Nm =round{Shape.Tngress.ModWidth(k )/Shape.dF/2);

Kn0~([1:N]<— (Nt 1Y
®Kn =Xn0.*exp(}*1000*tand(N,1));
Xn{l)=1;

XufN:- 1 2)=eani (Xa(2: ceilkm)));

% shape medulation noise amplitude
% shape modulation noise phase

% Elimipaie DC component,

% Append specirnin (negative freq.)

JP
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Noise = real (iTR()); % Transform to time-domain
MNoise=Npise/sgri(sum({Naise. *Noise)'N); % force nms=1

% — perform modulation

Carrier = Shape.Ingress TonelUk) * cos(2*pi*Felk)™ t+1000%*rand);
Modulate = Shape. Ingress ModDepth(k) * Noise;

U= U + Carrier .* (1 + Modulate);

end;

I

function [U] = Frequency3hape(U,Skape)

9,

% Reshape the specitum of the sample U, as specified by the tasget shape

% INPUT:
% w: the consecutive values of the sample
% fa: the sample frequency

% specttun: the desired PSD (in V/sqr(Hz))

o,

N = length{U);

m = length{Shape Xtatlk spec); m=N/2
= [0:N-1]"*Shape.dT;

% perform the frequency sealing

Scaling = Shape. Xtalk.spec f CalcSpec(U,L);

¥ = Uy, % Transform to frequensy domain
X(1) =9 % Bliminate DC compepent.
X2+l = X(2Zum+1} * Scaling; % Scale spectrum (positive freq.)
K- L 2 Econj(X(2 ceil(m))); % Append specirum (pegative freq,)
U = yeal(IfR(X)); % Transtonn to time-domain

2004-503177
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[y

function [U] = AmplitudeShape(U,Shapc)

)

9% This function shapes the amplitude distribution of the fumetion U

% by an amplitude dependent {non-linear) distortion function Q(x).

% The rosult is () = Q{UD}

%

% Let FF be the actual cumnlative distribution fsnction of the sample, and
% let GG be the desired cumulative distnibution function,

% then the distortion function is given by:

% Q{x) = GG {-1} FF (x)

Yo

Ul=sqrt{sum{1].*U)/1ength(1T); Yscaling farct (for normalization)
% Caleulate the distortion fanetion Q

{Dist1,DistU1]} = CaleCumDishib{U/U0); 95 the actual distribution
Q = interp 1 {Shape. Xtalk.DistP, Shape. Xtalk.DistlU, DistP 1), % the distortion function
U = Uit *interp 1 (Distl 1,Q,abs(U/U0)) .* sign(U}; % Perform the distortion

% plot{DisttU1.0); shy; %pause

o

T

function [X.f] = CalcSpec{l),D);

;

% calculate the speotral density of a signal, when it would be "measured’

% at specified resclution bandwidth

RBW=1E3; %RBW: the desired resolution for the speetyum of 1UJ
W= length(UY, m=N/2;

T = t{2)-1); % time spacing

dF = 1/dT/N; % frequency spacing

= [Dom-1]1%6F; % all pogitive freqnencies

X = Uy, % to frequency domain

A 2004.1.29
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X = abs(X(2:m+1));
X = sgri(CaleSmooth(X,. *X, £, RBW))

o,

(67)

PUTIEPOTNTRIS

2

% No DC and ne negative frequencies.
% average it over bandwidith RBW

fanction [X,£] = CalcNBSV(U,i),

o,

Y% caleulate the narrow band signal voliage of a signal, when it would be 'measured'

% at specified resolution bandswidth
REW=1E3; YREW:

N = length{U}); m=N/2;

dT = (24 LY;

dF = VdT/N;

= [0:m-17*dF;

%X = FR(UYT * sqrt{dF);

YeX = UM,

X = fR(UYN*2;

X = abs{{ 2+ D);

5 = sqrt(CaleSmoeoth(X.*X, £, RBW3);

the desired resotution for the spectrum of UF

% lime spacing

% frequency spacing

% all positive frequencies

% to frequency domain

% to frequency domain

% to frequency domain

% Mo DC and no negaiive fequencies.

% average it over bandwidth RBW

P
function [CF] = CaleCrest(L}
L7

% Caleulate the Crest Factor of 2 signal (U(t}, which is the pesk value

%% divided by the omz-valee

Urms = sqrt{sum(U."2)/length{U));
Upeak = max{abs{U))

CF = Upeak/Urms;

JP 2004-503177 A 2004.1.29
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[

function [Fl=CalcEnbancedGaussDistribution{x,Cf),

o,

% Generate a Cumuiative distribution function F(x) that is identifted ag
% “enhanced ganssian distribution”

% Cf = crest factor

Alpha=1e-3;

Sipma = sget{ (15-Alpha) - CF*2 * Alpha/3);

x= x *{x>0) * (x<Ci + CF* (o=Ch:;

denominator = Alpha + erf{CH(sqrt(2)* Sigma));

F = [ - {Alpha * »/Cf + erf{x/(sqrt(2)* Sigmea}) Ydenominator;

9

function [DistP, DistU P] = CalcDistrib(LI}

[

% calculate the amplitude distribution of signal U
N =length(L7);

Niyins=100;

[eumbin,xx] == hist(U,Nbins);

AX=xx{3)-xx(2);

DistP = cumbin{:)/NAX; force sum{DistP)*dX
Dastl = xx{*);

Urms=sqri{sum{U. *UYN);
P=exp(-0.5%(DistU/Urmz).~2); P=P/sum(P)/dx;
DistlU={DistU,DistU7;

DistP=[DistP ],

2004-503177 A 2004.1.29
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Y-
fanction [DistP, Distl] = CaleCumDistiib(U)
%
% calgulate the (backward) cumulative amplitade distribution of signal U
len = length{U);

Ueff = sqri(sun{U * U¥length(U});

U = ahs(Uefl);

%% -— evalyate distribution finction

Nbins = min{[50,floor{len/ LO}]);

[cumibin,xx] = hist(U,Nbins};

BinWidth=xx(2} - xx(1);

Disil = xx - BinWidth/2; % shift

for o= [Nbins-1:-1:1]; cwnbin{n} = cormbin(n) + cumbin{n+1); ead

DistP = cumbin/len;

% -~ improve numerical stabitity for other rontines, when thoy use this result
DistU = [ 0 , DistU{2:end)}; % starf at x = 0

DistP = [DistP, 1/ien];

DistU = [DistU,xx(Mbins) + 0.999 * BinWidth/2], % add finaj (single) point
DistP = [DistP, 1e-100];

Digtl} = [DisttLxx(Nbins} + (1.001} * BinWidth/2]; % factor 1.00! for stablity

function [PSD, freq]=CalcSmooth(PSD, freq, RBW)
[T
% Tmitate areal Spectram Aualyzer, with finits resolution bandwidth, and

% Gaussian shaped band filters

% PED ="“power spectral density” which is de square of the "spectra) density™; in

% Volts per square Hertz.
L.
N = length(PSD);

A 2004.1.29
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df= freq(2-fieg(1);
br =3 * floor(RBW/df);
favtor = 2%hr + 1
if (factar = 1)
ff=af * {-brbry; % smooth interval
. mask = exp(-if *F(2*RBW"2));
.mask = mask/smn{mask); % Gaussizn mask of resoluticn hand filier
—xhelp = [PSD;zeros(2%hr, 1 }];
ip = filter{mask, i, xbulp); % smart convolution
PSD = yhelp{bot Eend-br);

end;

function [Uac,Uac_rms|=CalcDemodulation(U,t,Shape, ToneNr);

Du

% Dlemodulate the noise that has been modutated on the carners of the discrete
% noise, it 13 for demonstration purposes only to prove that the

% discrete noise meets the predefined parameters.

% .

% The demodulator uses synchronous detection, that is not locked in phase

% The consequence is an unknown aitenuation over the full demodulation band.
% This is correcied aflerward by measuring ke DC Jevel, and amplify the

% demodulated signal until this DC level has been nommalized to 1 Voit

%

% PROOF: (psi is unknown)

% et Urf=cos(a*t+psi)*(1+Uac); ¥, = earrier modulated with “1-+Jac”
% Ue =eos{w*i); % = cartier
% Ud =0 U 34 = gynchronvus detected signal

Y%

% then Ud=1/2%(cos(psi+2*w}+cos(pai)}* (1 +Uac),;

JP 2004-503177 A 2004.1.29
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Y Ulf=cos{psi)/2*(1+Uac);
Yo Ude=cos{psi)i2;

% Uac={UlFUdc)-1;

o,
WN=Shape.N;

% afier low-pas filtering
%= by averaging UIf

Fe=Shape.Ingress. ToreF(ToneNr); “aselect carrier froquency
Fe=ShapedF # round(Fo/Shape.dFy;
ModWidth=Shape. Ingress. ModWidib( TonelNrh
MadDepth=Shape.logress. ModDepth(ToneNr),;
%,

Ud=U *cos(2*pi¥Fc¥t);
Wm=round(1.1*Mod Widil/Shap=dF/2); % calculate {ilter frequency
mask=zeras{N,1}; mask([1:Nm, N-Nm:N])=1; % create filter

%foree an integer number of periods

% synchronous detection of modulated catrier

Ulf=real (ST Fmask)); % perform low-pass filtenng
Ude=sum(UI£/’N; % find not normalized DC fevel
Uag=UlfTide-1; % normalize overall level, and remave DC.
%

Uuc_rms=sqri{sum({Uac.*Uac/N}), % must be equal to ModDepth, since 1de=1

Seale=Uac_rma/ModDepth; % must bc "one"

JP 2004-503177 A 2004.1.29
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Claims

1. A method of arranging a signal having at least one predefined quality criterion,
prefecably for use in or on 2 commumication system, said methed comprising the steps
of:

- representing a ficst signal comprising a phorality of frequency compenents cach
having speciral amplitude and phase properties, and

- processing said represensed first signal by amranging said specival amplitude
properiics in accordance with the or each predefined quality criterion, and arranging
random. phase propeitics,
2. A method according to claim 1, wherein said first signal is represented by a fist
set of numbers specitying a specical amplitede and phase of each frequency component.
3. A method accerding fo claim 1, wherein said fivat signal is represented by 2
second set of complex. munbers having a real past and an imaginary part, said parts in
combination specifying a spectral amplitude and phase of each. frequenscy componeot,
4, A methed according to claim I, wherein said first signal is represented by a third
set of numbers each specifying av amplitude of said first signal in the time dormain.
5. A method according to claim 4, further comprising the step of fransforming said
third set of numbers from the fime domain inio the frequency domain for representing
said first signal by & fourth set of numbers specifying a spectral amptimde and phase of
each frequency component.
6. A method according to claim. 4, fiurther comprising the step of fransforming said
third set of numbers from the time domain iniv the frequency domain for representing
said Aref signal by a fifth set of complex numbers having a rezl part and an imaginary
past, said parts in combination specifying 8 speciral amplitude and phase of each
frequeney component.
7. A method according to any of the previous claims, further comprising the step of
post-processing of said processed represented frst sighal te achieve a closer maich to
the or each predefined quality criferion.
8. A method accerding to any of the previous cluims, tarther comprising the step of

JP 2004-503177 A 2004.1.29
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transforming said provessed represented signal from the fiequency domain into the time
domain.

G A method according fo claim 8, wherein said signol having seid predefined
quality critenon is represented by a sixth set of hambers in the time domain.

10. A method according to any of the previous claims, wherein the or cach
predefined quality criterion comprises at least one modulated camrier, the or each
modulated camiet meluding any of a group comptised of a catrier tiequency, a cartier
amplitude, 2 modulation depth, and a madnlation width,

Il A methad according to any of the claims 1-9, wherein the or each predefined
quality criterion comprises auy of a grovp including of a predefined time domain
amplifude distribution and a predefined envclope of speciral amplitudes.

12, A method according to claim 11, further comprising the step of aranging said
processed Tepresented fitst signsl in accordance with a predefined fime domain
amplifude distribrtion.

13, A method sccording to clabm |1 or 52, further comprising the step of arranging
said processed represented fivst signal in accordance wiih a predefined envelope of
spectral amplitudes.

i4. A rmethed according to claim 12 or 13, wherein at least one of said bme domain
amplitude distribution and envelope of spectral amplitudes is approached by an iteration
process.

15. A method aceording to claim 14, whorein gaid iterafion process compriscs a
comparison of any of said time domain amplitude distribution and envelops of spectral
amplitudes of said processcd represented first signal with a predefined timme domain
amplitude distrbution and predefined envelope of spectral amplitades.

16, A method according to any of the previous claims, wherein said signal having
the or each predefined quality criterion 8 provided by cowbining a plurality of
represented signals processed in accordance with claim 10 and processed in accordance
with any of the claims 11-15.

17. A methed according to any of the previous claims, wherein said signal havigy

the or each predefined quality criterion is a noise signal.

JP 2004-503177 A 2004.1.29
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15, A method In accordance with any of the previous claims, wherein said signal
having the or each predefined quality criterion is provided by a set of instractions in
code fonmat and executsble in a predetermined order on a processing device.
19. A set of instruetions in code format and executable in a prodetermined order on a
processing device, 9aid set of instractions being amanged for generating a signal having
the or each predefined quality criterion and random phase properties from a
representation of & first signal following a method in accordance with claim 18.
20. A device comprising processing means, memory means and arbitrary wave
generator means, arranged for generating a sigral having at least one predetennined
signal quality criterion and random phase properiies following any of the previous
claims.
1. Asigoal haviog at least one predefined signal quality criterion and random phase
prapetties, generated in acoordance with any of the previous claims.
22 A data carier device comprising a library of signal representaiions for use with
any of the previous claims,
23, A melhod of testing the operation of a commumicafion system, seid method
comprisiag the steps of:

- pencrating a signal having at least one predetermined quatity criterion in
accordance with any of the previous claims, and

- transferting said signal fhrough sald communication system.
24. A system comprising means for genersfing a signal having at lesst one
predefined signal quality criterion following any of the provieus claims, modem means,
vable means apd processor means, whergin said processor means arc arranged for
controlling said generating means, modem means and cable means for automated
measurement and/or raonitoring purposes.
25 Atelecommunications system arranged for opetating said method of claim 24.
26. A method of arranging 2 signal, preferably for use in or on & commoncation

system, said method comprising the steps of:

JP 2004-503177 A 2004.1.29
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« representing a first signal in time domain having a time domaic ampliteds
distribution, said sigaal having = spectral density in the frequency domain, thereby
schieving a represented simmal;

- processing said represented signal in accordance with a non-linear
transformation, gaid non-lincar transformation achieving at least one predefined quality
criterion,

- said {ime domain amplitude distribution of said represented signal being
processed at Jeast with an inverse fanction of 2 predetermined time domain amplitude
distribution.

27. A method according to cleim 26, forther comprising the step of comparing said
time domain amplitude distribution of said represented signal with seid predetermined
time domain amplitude diswibuilon, and thereafter arranyging said pon-linear
transformation in aorder to achieve a processed represerfed signal having a time domain
woplitude distribuiion  approaching sald predetermined time domein amplitude
distribution.

28 A method according te claim 26 or 27, whessin said processed represented signal
£(i) is & function Q/f74} of said represented tirst signal f{t) and wherein said function Q
is defined as:

0(x) = sign(x)- G {F )
with:  sign{x}=w/|x] for x<>0; sign(x)=0 for %=0;

F being swid time domain amplitude distribution of said sepresented signal; and
G being s2id predetermined fime domain amplitude distihution function.
29. A method accordivg to claim 28, further comprising the step of achieving said
represented signal with a spectral density according to a predetermined spectral density
quality criterion.
30. A method according to claim 26, further comprising the steps of

- transfornung said first sigmal to the tfrequency domain ; and

JP 2004-503177 A 2004.1.29
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- multiplyiog said first signal in said frequency domain with & spectral esvelope,
thereby achieving a multiplied signal ; and

- transforming satd multiplied signal to the time domain.
31, Amethod according to claim 30, further comprising the step of comparmg fuid
time domain amplitude distribution of said represented signal with said predetermined
time domain amplifude distribution, and fheresfter atranging said mnon-linear
transformation in order to achieve a processed represented signal having a time domain
amplitads distribution zppreaching said  predelermined time domain amplitide
distribution.
32. A method according fo claim 31, further comprising the step of achieving said
represented maltiplied signal with a spectral density according to a predetermined
speotral density quality criterion.
33, Amethod according to claitn 32, wherein at least two of said steps are iteratively
exccuted.
34. A method according te claim32, wherein at least two of said steps are iteratively
exocuied unkil a predefermined erest factor is achieved.
35, A method according to any of the previous claims, whercin said signal is a noise
sigeal,
36, A method aceording to claim 35, whersin said first signal in the representation in
the frequency domain ig generated us a set of random numbers, preferably complex
mrnhers the modulus of the complex number characterizing an amplitnde, the argument
of said complex mumber charactenizing 2 phase.
37. A method according to claim 36, wherein of ¢ssentially cach of said complex
numbers its rcal and/or tmaginary part is selected according to a Ganssian distibution.
38. A method according to elaim 36, wherein said modulus of essentially each of
said complex numbers is substantially equal to said amplitude of said predetersnined
spectral density.
39. A method according to claim 36, wherein said argument of esseniially ¢ach of

said complex numbers is random.

JP 2004-503177 A 2004.1.29
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40, A method of arranging a signal, preferably for use on or in 2 commuvication
sysiem, said method comprising the steps of :

- tepresenting a firsi signal in time domain having a time domain amplitude
distribution, said signal having a spectral density in the frequency domain, thergby
achieving a represented signal; and

processing said represented signal until & signal s achieved having a spectral
density according to a predetenmined speciral density quality criterion.

41, A method of amanging a signal, preferably for vse on or in a communication
systens, said method comprising the steps of:

- representing a first signal in fime domain having an amplitede distcitnrtion and
seid signal having a speciral desity jo the fieyuency domain, therchy achieving a
represented signal ; and

- filtering said represented signal in the frequency domain, including the steps of
evaluating at least purt of said represented signal in the frequency domain and thereafter
processing said represented signal in the frequency domain.

42, A method according to claim 40 or 41, wherein said processing step includes
iterative processing.

43. A method according to claim 40 or 41, wherein said processing step includes
iterative processing unti) a predetermined crest factor is achieved.

44, A signal comprising at loast one of & random noise signal, said random noise
signal having an amplitude distribution in the time domain according to 2 predetermined
quality criterion and a spectral demsity in the frequency domain according to a
predetermined guality ctitevion, said random signal being compoesed of an array of
randor pumbers,

45, A signal according to clwm 44, forther comprising a discrete trequency
spectrum.

46. A signal according to claim 44, wherein said noise signal is generated using a set
of instructions in & code format and being executed in a predeiermined order.

47. & method of generating 4 random signal comprising at least one of a random

noise signal, said random signal having an sroplimde distribution in the time domeain

JP 2004-503177 A 2004.1.29
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according to a predetermined quality criferion and having a speciral density in the
frequency domain according lo a predetermnined quality criterion, said vandem signal
being composed of an amay of random numbers, said method comprise the step of
genckating a ravdom set of numbers using 4 set of instructions in a code format and
being executed in a predetermined order.

48. A method according io claim 47, further comprising the siep of generating a
discrete frequency specttum, said discrefe frequency spechum using goniometry
functions and modulating essentially cach of said discrete frequencies with a noise
characteristic.

49, A method according o claim 48, further comprising the step of combining said
randoin noise signal and said discrete flequency spectrum using a set of instroctions in &
code format and being sxecuted in a predetermingd order,

50, A set of instructions in a code format 4nd executeble in a predeienmined order,
said set of instructions being arranged for generating a random noise signal and a
discrete frequency spectrum, said rendom signal baving an amplitude distribution in the
time domain according to a predetermined quality criterion and having & spectral density
in the frequency domain aceerding to a predetermined quality criterion.

51. A test system for testing the operation of a communication system, said test
systemn comprising a set of instructions in & code format and executsble in a
predetermined order and compiled on a device, said set of instructions being arranged
for genetating a noise signal comprsing at least one of a random noise signal aod a
discrete frequency -speotrim, said random signal having an amplitude disteibution in the
time domain according to a predetormined quality criterion and having a spectral density
in the frequency domain according to a predetertmined quality criterion.

52, A method of tesiing the operation of a commmnication system having a modens,
said method comprising the step of superposing on a signal trapsceived by said modem,
a signal comprising at least one of a random neise signal and a discrete frequency
spectrum, said random signal having an amplitude distribution in the time domain

according to « predetenmined quality criterion and having & spectzal density in the
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frequency doman according to a predetermined quality criterion., said noise signal
furihermore being composed of an array of random numbers.

53 Amethod of testing the quality of operaiion of 4 communication systen having
amodern, said methed comprising the steps of @

- supcrposing on a signal transceived by a said modem, a signal comprising at
ieast ope of u random noisc sipnal and a discrete frequency spectrum, said random
signal having an amplitude distibuttion in the time domam according to a predetenuined
quality criferion and having a spectral density in the frequency domsin according te a
predetermined quality criterion, said noise signal furthermore being composed of an
arrzy of random numbers ; and

- evaluating said transceived signal according to a predetermined guality
criterion.

54 A method of improving the design andfor production of a communication
system, said mcthod comprising the steps of ©

- superposing on a signal transcetved by a modem a signal comprising at least
ong of a random noise signal and a discrete frequency spectrum, said random signal
having an amplitude distribution in the time domain according to a predetermined
quality criterion and kaving a speciral Sensity in the frequency domain according io a
predetermined quality criterion, said noise signal furthermore being composed of an
array of random pumbers ;

- evahating said transceived signal accosding to a predetermined quality
criterion; and

- iteratively arranging the desigo of said modem in order to approach closer to
said quality criterion for evaluating said transceived signal.

53, A telecommunication networlk including a signal comprising at least one of a
random noise signal and a disceets frequency specirum, said random signal having an
aplitude distribution in the time domain according to a predetermined quality exiterion
and havivg a specteal density in the frequency domain according to a predetenmined
quality eriterion, said noise signal fustherraore being composed of an array of random

numnbers.

JP 2004-503177 A 2004.1.29
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Tiile

A method of and a device for gererating a signal having a predetermined quality

criterion for use in or on a ceinmunication system.
Tield of the Invention

The present invention rclates, generally, 1o copumunication systems und, more
specifically, o a signal for use with o communieation system, a method of and a system
for penerating such & signal, a method of testing the operation of a communication
system using such a signal, a test system and a (ele)communication system arranged for

operaling such a method.

Background of the Invention

Among others, for lesling communication systems and  commmunication
cquipment, such o3 xDSL transccivers and cables or networks, jest signals are needed
for stressing the communication system and the communication devices in a manner that
is representative to actual deployment scenarios, with large numbers of systems or
system devices per cable.

By measuring the transmission performance of the system or system device
under realistic (noisy) test conditions, one cun improve the design of the sysicm or
devices and/or prove thal their performance is compiiant with standards, such as issued
by ETSL, ITU vr ANSI or other (tele)communication bodies,

A method of executing such perfonmance tests is to gencraie a siynal which js
known as impairment. Morc specifically, impairment can be subdivided iuto:

(i} cross-talk nodse, having a noise profile characterized by a spectral envelope
and spectral amplitude distribution e.g. from neighboring xDSL systems;

(ii) ingress noisc, composed of discrete requency components, alzo called rfi-

fones, having a noise profile characterized by a number of discrete frequency

CONFIRMATION COPY
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components and spectial amplitude, modulation depth and modulation width parameters
originating from radio and amateur broadeasting, for examgple, and

(iii} impulse nuise characterized by signal pulses cavged by sdiching eperations
und compunents for cxample,

In the case of ingress noise, the frequency may vary (sweep) in time,

A deviee for generating impairment is known as an impsirment gencrator and is
aranged, m particular {or use in or on communication systems, for generating at least
one of said crags-talk noise and ingress noise.

Tn practice, for icsting whether communication systems and communication
devices are compliant with standards, various noise profiles have been defined which,
among others, vary in accordance with systern parumeters such as the longth and number
of wire pairs in a comnumication cabic and the transmission data rate, for example.

Further, each different typc or length of a fransmission medinm such as a cable,
2 vopper cable or an oprical fiber or other cabie type, request a diffsrent noise signal.

Methods and devices for generating noise profiles are known in the art. In
particular, filtering techniques and filters ure known for generating noise from an. input
signal providing an vulpul signal having a particular spectral envelope and spectral
amplitude distrdbution.

However, by using fliering techniques and filters, a causal relationship iz
cstablished between the input signal and the cutput sigmal. Those skilled in the art will
appreciate that such a type of signal is less suitable for a reulislic imitation of real
vperational communication systems and communication devices.

WO 00/16181 discloses a method and a device for generating a randem time
domain signal approaching a predetermined histogram of amplitudes. In a first step, the
signal iz created by filtering a noise signal, such as a white noise signal, thereby
producing a signal buving 2 predetermined spectral envelope. In a next step, a non-lincar
function is applied to the filtered noise signal, so as to preduce the required time domain
signal approaching the predetermined histogram of amplitudes. In & further step, pulse
response filtering is applied (o the time domain signai, to cotrect its speviral envelope

and to obtain an output signal having a reyuired spectral envelope. Bolh, the npn-linear
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tunction and the pulse response filtering function are special functions sclected in
accordance with the spectral eavelope to be provided.

WO 00/16181 is limited in the sease that there is onty provided a ttme domain
signal enly having a predetermined speetral envolope. WO 00/16181 is silent with
respeel e other gualily crterion™s te be imposed on the time domain signal to be

provided, among others phase propertics,
Sammury of the Invenlion

tt. is an ¢lyject of the present invention lo provide an improved signal for use with
commnunicativn systems and communication devices, in particular for testing such
systerns and dovices in accordance with predefined (standardized) noise profiles.

In a first aspect of the present invention, there i disclosed 2 method of arranging
a signal having a predefined guality criterion, preferably for use in or on a
communication sysiem, the method comprising the steps of

- representing u first signal coraprising a plurality of frequency components each
having spectral amplitude and phase properies, and

- processing the vepresenied first signal by arvanging the spectral amplitude
properiies in accordance with the or euch predelined quality criterion, and arranging
randorn phasc propertics.

The {raditional way of modifying the envetope of a spectrum is the usage of a
digital filter bank. This is far from ideal since, for the purpose of the present invention,
no ¢ausal relationship between the represented first signal and the signal to be provided
fias 10 be established. This understanding of matiers in accordance with the present
invention simplifies the approach of frequency shaping significantly.

Starting from a first signal having random phase properties, frequency shaping
of ihe representen first signal may be an adeyuute operation to provide a sigmal meeting
the predefined qualify criteria, for example. Frequency shaping in accordance with the
present invenzion can be performed in several wiys.

In an embodimeny of the invention, the first signal is represented by a first set of
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numbers specifying u spectral amplitode and phase of each frequency component.
Scaling of the spectral amplitude of each frequency comporent suffices to effieut
frequency shaping of the represented signal in the frequency domain, while maintaining
the random phase propertics of the signal.

In u furiher embodiment of the invention, the first signal ir represented by a
second set of complex numbers having a real poart and an imaginary part, which parts in
combination specify a spectral amiplitade sud phass of each frequency compenent.
Frequeucy shaping is effected by adeguately scaling ibe complex numbers, however
such to maintain random phase praperties afier scaling of the represented first signal.

In a yet further embodiment of the ipvention, the Orst signal is represented by a
third set of numbers each specifying an wnplitude of the first signal in the time domain.
By transforming this third set of numbers from the tite domain into the frequency
domain using, for cxample, 2 Fast Fourler Transform (I'FT) algorithm, the first sipnal is
represented by a fourth set of numbers specifying a spectral amplitude and phase of each
frequency component, This fourth set of nombers can be further processed by a
frequency shaping eperation, as disclosed above in comneciion with (he first set of
numbers.

Hawaever, the third set of numbers may also be fransformed, in accordance with
the: invention, from the time domain into the frequency domain for representing the first
signal by a fifth set of complex numbers having a real part and an imapinary part. As
disclused above, for the purpose of frequency shaping, tho fifth set oF complax numbers
has to be adequately scaled.

In the casc of a represented first signal having non-random phase propertics,
randlom phase propertiss con be approached by pmperly amanging the second, fourth
and fifth sel uf numbers.

Scaling in the frequency domain can bo invoked by multiplication operations,
using real or complex scaling factors, The scaling factor for multiplication of the
speciral amplitude of a frequency companent is found by dividing its desired value by
if5 actual spectrol woplitnde.

In accurdance with a further embodiment of the method according to the
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invention, in order Lo echicve 2 closer match to the or each predefined quality criterion,
post-processing of the precessed represented first signal is provided.

For use in or on « communications systen in accerdance with the present
invention, however, the represented first signal thus arranged in the froquency domain
Lias to be transformed into the time domain using, for example, an Inverse Fast Fourier
Tranaform (TFFT) algoritbm.

Further, the processing steps disclosed above may also a include operations sucl
as convahition or deconvolulion or maltiplication or add-un of signals.

Tn the time domain, the processed represented tirst signal meeting, the or each predefined
quality critcrion may be represented among others by a sixth set of numbers in the time
domain,

However, with the above approach the signal provided, meeting a quality
criterion in the trequency domain, such as a predefined envelope of spectral amplitades
and random phase properties, may not et inesl a yuality criterion in the time domain,
such as a predefined time domain anplitude distribution.

In a yet further embodiment of the method acvording to the invention, the or
each predefined yuality critcrion comprises any of a group including a predefined time
demain amplitade distribution and 2 predefined envelope of spectral amplitudes.

Aceordingly, in a further embodiment of the method according to the invention,
the processed reprosented first signal is arranged in accordance with a predetined time
domain aroplitude distribution.

In a still further ¢mbodiment of the method according to the invention, the
provessed represented first signal is arranged in accordance with a predefined envelope
of spectral amplitudes,

For praviding a signal which nocurately mects predefined quality criteria in both
the frequency and time domain, aceording to the invention, ot least one of the time
domain amplitude distribution and the envelope of spectral amplitudes is approached by
an iteralion process. Amiplitade and froquency shaping may he repeated as often as
required wntil both shapes mect the requirements within ressonable accuracy.

In an embodiment of the invention, the iteration process compriscs a
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comiparisun, afler uny iteration siep, of any of the time domain amplitude distribution
and envelope of spectral amplitudes of the pracessed represented first signal wiil a
predelined time domoin amplitude distribution and predefined envelope of spectral
amplitudes.

It has been obscrved that there is o neced to perform u full time domain
characteristic check after Frequency shaping to fipure out whether the time domain
chavacteristics are close enough to the requirements. A simple check of the crest factor
requirement huy proven to be adequate in practice to cnable the decision whether to stop
or to continue with the iteration. The crest facter of the signal is defined as the relation
of the maximum or peak amplitude of the tones of the signal compared to the average or
1ms value of the tanes of the signal.

The method according te the invention as disclosed above is, in particular,
suitable for generating, among others, cross-alk noise.

If a signal having the characteristics of ingress noise is t© be generated, in a
second aspect of the method according to the invention, the or each predefined quality
criterion comprises at least ope modulated vamer, the or each modulated carrier
includding any of a group comprised of a carrier frequency, a carrier amplitude, a
modulation depth, and a modulation width,

By shaping the represented first signal in accordance with a quality criierion or
quality criteria indicated above, a sipna! representing a particufar type of ingress naisc,
having a particular time domain amplitude distribution, and 4 predelned envelope of
spectral amplitrdes can be easily and very efficiontly provided.

In acoordance with the method of the present invention, the signal meeting the or
each predefined quality criterion can be provided by combining a plurality of signals
processed as disclosed above.

For use of the signal in, for cxample, the testing of a communication network or
a commuvnication device, the processed represented signal has to be transtormed fiom
the frequency domain inw the time domain bsing, among others, a FET algorithm, for
example.

The invention further provides (o pombine the signals generated in accordance
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with the first and second aspecl as disclosed above. However, also other signal
componenis may be included.

In particular, in accordance wiih the method of the present invention, the signal
heaving the or each predefined guality crilerion is a noise signal.

In a third aspeet of the invention, a metliod is disclosed of testing be operation
of a communication system, which methad comprises the steps of:

- generating a signal having a predetermined quality criterion in aceardance with
the method of the invention disclosed above, and

- transfeerring Lhe signal through the communication system under test.

The signals can be generated and stored using a set of instructions in a code
format and exscuted in a predetermined order on a device. Such set of instractions can
be software cocie compiled on a compuler and stored in the comgputcr or @ network of
computers or 2 floppy or CD-ROM, or through the Intemct. The software and/or signals
pduced cap also be stored on an Arbitrary Wave Form Generator (AWG) card and the
AWG can be used to generate the signals or to reproduce stored signals from the
memory. 1t s therefore possible 1o have a fbrary of signals availabis stored on a data
carrier that can be used in the execution or use of the method according to the invention,

The comrunication systems cen be devices such as xD5SL modems, or chips
within or for such modems, or cables in the nelwork, or networks for (iele)-
communication.

In a fourth aspect of the present invention a further method is disclosed of
arranging a signal for use on or in a eommunication systemn. Preferubly the sigoal is a
noise signal. The signal may comprise cresstalk noise that is a random signal with
predetermined properlies in the frequency domain and in the time domain. The signal
can firthermors comprise ifi-ienes that have a discrete frequency spectrum. Also other
signal components can be included in the sigral.

The method comptising the steps of.

- representing a first signal in time domain having a time domain amplitude
distribution, the signal having a spectral density ia Lhe fiequency domain, thereby

achicving a represented signal;
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- processing the rcpresented sigmal in accordance with a  nen-linear
wrmsformation, the non-linear transformation achieving at Jeast one predefined quality
criterion,

- the time domain amplifude distribution of the represented sipnal being
processed at least with an inverse funetion of a predsiermined time domain amplitude
distribution.

The method may further comprise the step of comparing the time domain
amplitude distributior ol the represented signal with the predetermined time domain
amplitade distribution, and thereafter arranging the non-linear transformation in urder to
achicve a processed represented signal having z tune domain meplilude distribution
approaching the predetermined time domain amplitude distribution.

In a fifth sspeet of the present invention & method is disclosed of further
comprising the step of comparing the time domain amplitude disinbution of the
represenied signal with the predetermined time domain amplilude distribution, and
therealter arranging the non-linear trunsformation in order to achicve a pracessed
represented signal havisg 4 Lime domain amplitde distribution approaching the
predatermined time domain amplitude distbation.

According to the fifth aspect of the invention the method can alse comprise the
steps of representing a first signal in time domain and with 2n emplitide distibution and
the sigmal having a spectral density in the frequency domain, therchy achieving a
represeated sipnal, and filtering the represented signai ip the fequency domain
including the steps of evaluating at lcast part of the signal representation in the
freqyuency domain and thereafier processing the represented signal in ihe frequency
domnain,

The metheds of the fourdh and fifth aspect of the invention ¢an be combined. The
methods of the foarlh and fifth aspect of the invention allow to make a signal in
different irerative steps that has a predefermined amplitude distribution and/or that bas a
predetermined speciral density or that has a amplitude distribution and/or that has 2
specitul density according 1o a predefined quality criterion. The predefined quality

riterion cun be the crest factor of the signal, that s the relatien of the maximum or peak
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valie of tones of the signal compared to the average valug or rms-value of the ones of
the signal. The processing steps as recited hereebove can comprise the steps of a Fast
Fourder Trunsfunnation (FFT} or Inverse Fast Fourer Transformation ((FF¥1). The
processing steps can alse a nclude operations such as  convolution or deconvolation or
multiplication or add-on of signals.

In the method of the founh aspedt, the amplitude distrbution of the zepresented
signal is processed including a fimetion of the predetermined amplinide distribution,
which can include an nverse [unctivn of the predetermined amplitude distribution.

Tie method as recited of the fourth and £fth aspect of the invention can further
comprise the steps of transforming the first signal in the frequency domain; mnltiplying
the first signal in the frequency domain with a spectral envelope thereby achieving a
multiplied signal; and thereafter representing the multiplicd signal in time domain.

In the metheds, the first signal in its representation in the frequency domain can
e gencrated as a sct of random gumbers, preferably complex sumbers the modulus of
the complex nurober characterizing amplitude, the argument of the complex number
characterizing phase and the real andior the imuginary purt of essentially each of the
vomples. numbers can be chusen according o a Ganssian distribution. Each of the
complex numbers can be substantially equal 1o the smplitude of the predetermined
spectral density.

Ir: & sixth aspect of the present invention, a sipnal is disclosed comprising at least
a random noise signal, the random signal having an amplitude distribution in the time
domatn  eccording to o predetermined quality criterion and & speetral density in the
frequeney domnain according to a predeterinined guality criterion, the random signat
being composed of an away of random numbers. The signal can further comprise a
discreie [requency spectrem. The noise signal tun be generated using a set of
instructions in a code format and being cxecuted in & predetermined order. Such set of
instructions can be software code compiled on a computer and stored in the camputer or
a network of computers or a floppy or CD-ROM or through the internet. The software
can also be stored on an Arbitrary Wave Tonm Gengerater (AWG) card and the AWG can

he used to generaie the signals or reproduce stored signals from the momory, Tt iy
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therefire pessible to have a library of signals available that can be used in the execution
or use of the melbuwds of the fourth and fifth sspect of the invention.

In a seventh aspeet of the present invention, a method is diselosced of gencrating
a signal comprising at least a random noise signal, the randem signal having an
amplitude distrbulion in the time domain according to @ predelined quality criterion
and having a spectral density in the frequency doman aocording to a predefined quality
criterion, the random signsl being composed of an array of random numbers, the method
comprising the step of penerating a randorn sof of pumbers using a sel of instuctions in
a code format and being cxecuted in a predetermined ovder. The method can further
comprise the step of generating a discrete fregueney specinnm, the discrete frequency
spectrem using gondometry tunciions and medulating ¢ssentially each of the discrete
frequencies with a noise characteristic. The randem noise signal and the discrete
frequency spactrum can he combined using a set of wsiraclions in a code furmat and
being executed in u predetermined order.

In an eight aspect of the present invention, a st of instructions is disclosed in a
code format and cxecutzhle in a predetermined order, the set of instructions being
arranged for generating a random noise gignal and a discrete frequency spectrum, the
random signal having ar amplitude distibution in te time domain. according to a
predetermined yuality criterion and having a specteal density in the frequency domain
according to a predetermined quality criterion. Such set of instructivns can be sofiware
code compiled on a computer and stored in the computer or a network of computers or a
floppy or CB-ROM or through the intemnet. The software can also be stored on an
Arbitrary Wave Form Generator (AWG) card and the AWG ¢an be used (o generate the
signals or repraduce stored signals from the memory. It is theretore possible to have &
library of signals available that can he used. The software can be C-code or can be
compiled in a MATLAB environment.

Tn 1 ninth aspect of the present invention, a system for testing the operation of a
communication system. is disclosed comprising a sct of instruciions in & code format and
cxecutable in a predetermined order and compiled on a device, the set of instructions

being arranged for pencrating a noise signal comprising at least one of a randum noise
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signal and a diserctc fioquency spectnm, the Tandom signal having an amaplitude
distribution in the time domair according 10 a predefermined quality criterion and
having a spectral density in the frequency domain according to a predetermined quality
criterion. The test system accarding to this aspect of the mvention can comprise an
impairment generator for generating the noise signal.

The comnection elements (transfonmers, active devices, atienuators, ete.) that
conneet the impairmeni generator to the communication system that is tested can have
an upwanted ifrequency dependent response. The unwanled frequency dependent
response can be measured for instance by generating specific test signals in the
impaitment generator. The unwanted [requency dependent responde can be compensated
by multiplying the desired spectral density of the signal divided by the unwanted
frequency dependent response of the connection element.

In a tenth aspect of the present invention, a methud of tesling the operation of a
communication system such as & x(3SL modem iy disclosed. The method comprises the
stop of superposing on a signal transceived by a the modens, a signal comprising at least
one of a random noise signal and a disercte frequency spectrum, the random signal
having an amplitude distribution in the time domain accotding to a predefined quality
vriterion and having a spectral donsity in the frequency domain according to a
predetermined quality crilerion., the noise signal furthermore being composed of an
array of random numbers.

Tnn an eleventh aspect of the present invenlion a method of testing the quality of
operation of a vommunication system is diselosed, The method comprises the steps of
Superposing on a signal transceived by a the moden, a signal comprising at Jeast one of
a random noise signal and a diserete [requency spectum, the random signal having an
amplitude distribution in the time domain according to a predetermined quality criterion
and having & spectral density in the frequency domain according to a predefined quality
criterion, the noise signal furthermeore being compoesed of an atray of randem numbcers,
and evaluating the transceived signal accerding to a predefined quality criterion.

Yet in a twelfth aspect of the present lnvention, a method of improving the

design andior production of a communication systems is disclosed, the method
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comprising the steps of superposing on a signal tansceived by a the modem,
superposing on a signal rransceived by the moden, a signat comprising at least one ot a
randam nuise signal and 2 discrete trequency speeaum, the random signal having an
amplitade distribution in the time domain according to a predetermined quality eriterion
und having a spectral density in the frequency domain according to a predetormined
gualily criterion, the noise signal furthermore being composed of an array of random
numbers; cvaluating the transceived signal according to a predefermined quality
criterion; und iteratively artanping the design of the modem in order to approach clogser
to the quality enterion for evaluating the transcefved signal,

Tn a thirteenth aspect of the present invention, a telccommunication network is
disclosed including a signal comprising at least one of a random noise signal and a
diserele frequency spectium, the random signal having an arplitude ldislributiun in the
time demain  according to a predetermined quakity criterion und huving a spectral
density in the frequency domain acconding fo a predetermined quality etiterion, the
noise signal furthermore being composed of an array of random nurmbers.

The fearures of the ubove-described aspects and embodiments of the invention
can be combined.

The signal, the methods and the sel of jostructions reciced hercabove wiil allow
to have a hetter quality of signal emsmission over media such as telephone cables or
witeless mediz. A better transmission of sigmals allows for a hroader providing of more

services for the users of communication systems.

Brief Descriptinn of the Figures

Figure 1 shows, in a block disgram, a set-up for a performance test in a
vommunication system, using an impaitment generator operaling in accordunce with the
method of the present inventinn,

Figure 2 shows 2 flow diagram type of embodiments of the method according to
the invention.

Figure 3 shows, in a graphic representation, an cmbodiment of the method

JP 2004-503177 A 2004.1.29
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according to the invention for generating ingress noise.

Figure 4 shows a {low diagram typc of further embodiments of a method
according o the invention.

Figure 5 shows an amplitude distortion (non-linear transformation) funciion Gy’)
that amplifies the high amplitude peuks or tones in a signal.

Figure 6 shows in a flow diagram an example embodiment of the invention.

Figures 7-11 show results that arc obtained zccording ro sn embodimaent of the

invention.

Detailed Description of the Embodiments

For the purpose of teaching the invention, aspects and embodiments of the signal
and method and systems of the invention are described belaw. It will be appreciated by
those skilled in the art that other altemative and cquivalent embodiments of the
invention can be crmeeived and roduced to practice withowt departing fomm the troc
apirit of the invention, The scope of the invention being limited only by the appended
claims.

Ia an embodiment of the invention, a aystem for testing the operation of a
comrnunicatior system such as & xDSL transcejver is disclosed. The set up of a test
equipment for a high penetration of systems scenario in operationaf access netwarks is
described.

A method is disclosed of arranging a signal for use on or in a communication
system.

The purpose of transmission performance Lests is to siress xDSL iransceivers ina
way that i3 representative to a high penetration of systems scenario in operational access
networles. This bigh penctration approack enables:

(i) component and system designers to quantify the porformance and to use it to
improve their design and to prove compliance with standards; and

(i) operators to definc deployment mmles that apply te most operationst

sitwations.,
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Figure | illustrates the functional description of 2 possiblc test setup 1. Tt

wcludes:

* atestloop 2, being a real cable or a cable simulator;

* anadding elemenl 3 o iaject inpainnent neise into the test loop 2;

= a high impedance, and well balanced ditfercntial voltage prabe 4, connected with
level detectors 5 such as a spectrym analyser or an s volt meter, for example, (not
shown), and

= xDSL transeeivers (modems) 6, 7 under test.

When exteraal splitters are required for the xDSL system under test (for POTS or ISDN

signals), these splitter can be included in the moedems 6, 7 under test.

The signal flow through the test equipment set-up 1 Is fiom port Tx to port Rz,
which means that measuring upstrcam and downstream performance requircs an
intezchange of Lranscetver position and test “cable” ends, The received signal level at
port Rx is the level, measured between node A2 and B2, when port Tx as well as port
Hx are terminated with the xDSL transceivers (modems) 6, 7 under test. The impaimment
generator 8 i switched off during this measurement. "The transmitted signal lovel at port
Tx is the level, measured between node Al and D1, under the same conditions.

The noise that the mpairment generator § should inject inte the test set-up 1 is
frequenvy dependent. The noise which (be impairment generator 8 injects inte the test
set-up 1 should be 4 realistic representation of 2 rcal (spectral polluted) access network,
and is:

(a) dependent on the length of the test loop 2, and

{by different for downslream performance tests and upstream performance tests,
This impeirment noise, measured hevween node A2 and 82, is usually a mix of randosm,
impulsive and hanmonic neise {the rfi-fones). A ses of characteristics is identified as a
“noise profile”,

The signal and noise levels ate probed witk a well balanced differcntial voliage
probe 4.

In a fully sutomated (est set-up 1 the test loop 2, 3 the voltage probe 4 and level

detector 5, the modems under test 6, 7 and fhe impairment generalor 8 may conneci to a
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Cenlral Processing Unit {CPU) 9, as schematically indicated with broken lines. Those
skilled in the art will appreciate that the connections with the CPU 9 inay involve data
links for remote testing by (he CPU 9,

Definitions that arc relevant for the use of the test equipment are the foliowing -

s Probing an rms-voltage U, [V] in this set-up, over the full signul hand, means a
power level of P [dBm)] that equals: P = 10 » log, (U, % R, = 1000} [dBm];

* Probing an mms-valiage U, TV] in this set-up, within a small frequency band of Af
(in Hertz), means a power spectral density level of P [ABmn/Hz] within that filtered
band that equals: P = 10 x log,; { T, £ Ry = 10007 AD [dBo/(T2);

+ The bandwidth Al identifies the noise handwidih of the filter, and not the —3dB
bandwidth.

Figure 2 shows schernatically cmbodiments of the method for arranging a signal
Uiy} i=1,2,3,... for usc on or in a commapication system in accordance with the
invention. The signal may comprise cross-talk noise, that is a random signal with
predetermined properties in the frequency domain and in the time domein.

As represented by Mow [1) of Figure 2, the method comprises the steps of
represeating a lizst signal comprising a plurality of frequency components each having
spectrul amplitude and phase properties, block $0 “First signal”, and processing ihe
represented signul by wranging the spectral aplitude propertios in accordance with at
least one predefined quality criterion, as well as arranging randomn phase properties,
block 11 “Armrange”, therchy achieving a processed represented signul.

"Lhe first signal may be represented by a first set of nwmbers specifying a spectral
amplitude and phase of each frequency component. Further, the firat signal may be
represented by a second sei of complex munbers, having a zeal parl and an imaginary
part, which parts in combination specify a spectral amplitude and phase of each
frequency component. That is, the medulus of a complex number characterises the
spectral amplitude wheteas the argument of the complex pumber characierises the phase
of the frequency compenent.

In accordunce with the present invention, the represented first signal 10 is

processed to arrange random phase properties. IJuwever, starting from a represented first
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signa! 10 having random phuse propetties, for shaping the frequency of the signal in
accordance with the predefined quality crilerion, it suffices to shape the speciral
amplitudc of the frequency components.

The method may also vomprise the steps of representing the first signal n the
time domain, in that the first signal is represenied by a third sct of numbers each
spetifying an amplitude of the first signal in the time domain. By transforming the third
cet of numbers fom the tme domain iate the frequency domain, for example using an
FFT algorithm, a fourth set of numbers is achicved specifying a spectral amplitude and
phase of esch frequency component. Likewise, the fourth set of numbers is to be
pracessed by arranging the spectral amplitude propertics in acuordancs with the at least
one predefined quality criterion, as well as arranging its random phase properties.

Hy transforming the processed represented signal fiom the frequency domain
into the time domain, for example using an Inverse FFL algorithm ([FFT}, block 12
“Transform”, the signal UT() having the at least one predefined quality criterion is
evenmally generated.

While the signal UMf) meets at least one predefined guality critenion in the
frequency domain, such 25 a spectral ervelope and/or pre-emphasise properties, it may
yet be required to provide a signal having a predefined quality criterion in the time
domaia.

As disclosed in flows [2] and [3] of Figure 2, i.e. block 13 “Amplilude Shape”
and block 14 “Frequency Shape”, the quality criterion in the time domain may comprise
a predefincd amplitde distribution and/or a predefined envelope of speciral amplitudes.

‘The method can alse comprise the step uf making a signul in different iterative
steps, see Figure 2 4] Block 15 “Test Shape™ and back coupling toop 16, Thus the
signal can have a predefermined time domain amplitude distribution andfer a
predetennined envelope of spectral amplitudes und/ar a spectral density according to
predetermined quality criterion’s.

The at Ieast one predeienmined quality criterion ean be the crest factor of the
signal that is a rclation of the maximum or peak value of the tones of ihe sigral

compered to the average ot rms value of the tones of the signal,
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The signals can be generated und stored using & set of instructions in a code
format and cxecutablc in a predetermined order and compiled on a device. Such set of
instructions can he software code compiled on 4 computer and stored in the computer or
u network of computers or a floppy or CD-ROM of thraugh the Internet, The software
can also be stored on an Arbilrary Wave Form Generator (AWG) card snd the AWG can
he vsed to gonerate the signals or reproduce stored signals from the memory. Lt is
therefore possible Lo have a library of signals available that can be used in the execution
or use af the methods of the first and second aspect of he invention. The
communicaiion systems can be devices such as xDSL modems 6, 7, or chips within or
tor such modes 6, 7, or networks for telecommunication.

The processing in block 13 “Amplitude Shape™ in Figure 2 is done for achieving
an impact or contral on fhe time domwin characteristics. An amplitude distertion
(transformation) function: Ofx) is chosen that amplifies the high amplitude peaks or
tones in the signal. A non-linear transformation function ¢ can be reconstructed from
the actual amplitude distribuiion function of the sigual and the predetermined amplitude
distributien function.

For a noise signul /) in the timc period f in berween O en T, the amplitude
distribution '{a) of the signal is defined sy a [raction of the time that the noise fin
absalute valye i3 larger than a. If G{a) is the predetermined amplitade distribution (such
as an enhanced-Gaussian, see below), and G-Y(z) is the inverse fimetion thereof, the
transformation function {i(x to make an intermediate ar final signal g} from the noise
signal f1) can be defined as:

0(x) = sign(x)- 6™ () (M

g =0{r(n}: @

sign(xy=x/|x| for x<>0; sign(x)=0 for x=0;

As a result gt} will have the predetermined amplitade distribution Gfa). Ofx) in a

number of cases can be un analytical function but can also be numerically constructed.
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An example of an enlianced Gaussian funciion is as follows.

The amplitode distribution of Gaussian type noise is:

N

s =1-e| 7| o
with : enf(x) = TZ; faeenol-i7). "
1

and with o being the RMS value of the signal.

The “enhanced” Gaussian distribution is defined as:

L -
o) = !—(a.—}ﬁ+crf'ﬂl;ﬂ/(u+eerED 0sEsd o

0 x> A

If Vs s the desired RMS value of the noise sample, and C, being the

desired cresi factor, choose:

A= Vi, and (5)
(10 Vi — A2af3). n

Typical values for e that have proven usefil are of a magnitude between 0.001
and 0.01, and this represents the deviation of enhanced Gaussian distributed from a true
Gaussizn distribution.

In block 14, Freyuency Shape, of Figure 2, the frequency domain charactedistics
of the signal are improved, as a posed-processing step to achieve a closer match to the or
cach quality criterdon. The corrected frequency curve can be achiever, for sxumple, by
comparing (dividing) a prodetermined spectrnd density through the measured spectral
density of the (intermedinte) signal U2(t). An example hereof 5 given in the best made
embodiment described in the sequel with a convalution of FFT finglions.

In the part [4] of Figure 2, it is shown how an iteraiive procedure of the steps
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detuifed bere above may lead to a further improvement of the finish or final signal for
use in or om a comununication system. The iterative procedurs, ie. testing of the
{requency shape by block 15, Test Shape, and back coupling laop 16, is executed until
the predetermined quality critenion(s) are achisved.

Tigure 3 illustrates in a schemuliy, graplic representation use of the methad
according to the invention for the provision of an ingress noige signal,

As disclosed in the preamble, ingress noise may be characterised by a plurality
of frequency components at disercte carrier frequenaivs fof, 1=1,2,3, .... The fequency
components af the camier frequency fci each baving a carrfer amplitude Adi, i=1,2,3, ...,
and, if applicable, having a modulation width, 1.2 a aumbsr of disorete frequencics at
the left and right hand side of the ussoeiuted casricr ftoquency fci, as well as having a
modulalion depth, that s the amplitude of the side frequencies associated with the
respective carricr froquency fei.

Figure 3 shows, in a graphic representation baving a horwontal or frequency weis
fand & vertical or amplitude axis A, by way of example only, a signal comprised of two
carricr frequencies fol and fe2, having a corrier amplitede Acl and Ac2, respectively.

Aroupd lhe camier irequency fcl at cach side thereof three side frequency
components arc aranged, each having ag amplitude Al. Fer the frequency component at
carrier frequency fo2 on cach side thereaf two side frequency compenents are arranged,
each having an amplitnde A2,

In accurdance with the present invention, fur providing u sigoul having al Jeast
one predefined quality criterion, the amplitude of the frequency components have to be
shaped, such as disclosed by the dotted lines [ and 2 in Figure 3.

Starting from a represented first signa) baving random phase properties, in
accordance with the present invention, by the shaping of the amplitudes, the random
phase properties arc maintained in the signal to be provided having the predefined
quality criterion,

Figore 4 shows schematically a turther embodimennt ot a method for arranging a
signal for use in or on 4 communication system, in particular for use if random phase

propertics are already provided for. The signal comprises crosstalk nuise that iy a
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tandom signal with predetermined properties in the frequency domain and in the time
domain. The signal can furthermore comprise tfi-iones thar have a discrete frequency
speetium. Also other signal components can be inciuded in the signal.

The muthad lurther may comprise the steps of representing a first signal in {ime
domain and with an amplitude distribution and the signal having 2 spectral depsity in the
frequency domain, thereby uchieving a represented signal, and processing the
represented sippal according to a non-linear trapsformation, the non-linear
transformation achieving a predetermined quality criterion. This is shown as umplitude
shaping in Fignre 4, flows [2-4].

The method further may comprise the step of representing a first signal in time
domain and with an amplitude distribution and the sipnal having a spectral density in the
frequency domain, thereby achieving a tepresented signal. and processing the
represented signal uniil 2 signal is achieved having a spectral density according to a
predetermined spectral density quality criterion. This is shown as frequency shaping in
Tigure 4, flows [2-4]. The frequency shaping step can also comprise the step of fillering
the represenied signal in the frequency domain including the steps of evaluating at least
part of the signal representation in the frequency domain and thereafter processing the
signal representation in the frequency domain.

The method may also comprisc the step of muking a signal in different iterative
steps, see Figurc 4 tlow (4], Thus the signal can have a predetermined time domain
amplitde distdbution and/or 2 prodetermined spectral density or a time domain
amplifude distribution andfor a spectral density according to a predefined qualily
criterion. The predefined quality criterion can be the crest facter of the signal, that is a
retation of the maximum or peak value of the fones of the signal compared to the
average vahue of the tones of the signal. The sipnals can be generated and stored using a
sel of iustructions in a code format and executable in a predetcrmincd order and
compiled on a device.

Likewise, the set of instructions can be software code compiled an a compuler
and stored in the compater or a network of computers or a floppy or CI-ROM or

through the internet. The sofiware can also be stored on zn Arbitrary Wave Form
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Cienerator (AWG) card and the AWG can be used to generate the signals or reproduce

stored signals trom the memery, [t is therefure possible to have a library of signals

avatlable that can be used in the execotion ot tse of the methods of the invention. The

communication systems can be devices such as xDSL modems, or chips within or for
such modems, or networks for telecommunication, In detail the following embodiment

is shown in Figuro 4.

Using software, random numbcrs are generated, block 16, "Create Noise". In
hardware white noize can be generated. The random mumbers ure [llered until a
predetermined spectral density is achieved, The random numbers that are generated each
represent a frequency component. The necessury processing to achieve a predetermined
spectral density is executed by scaling the amplitede of the complex muwnbers and
thereafter an IFFT processing is done in order to make the desived noise signal. Another
way of executing the method is to generate vandom numthers that represent the phase of
each fiequency component and thereafier the amplitude of the complex swmbers is
arranged to approach or be cqual 1o & predetetmined spectral density

The processing in block 13, "Amplitude Shape", is denc for achieving un impact
or control on the time domain characteristic. An amplitude distortion {transformation)
function Q(x) is chosen that smplifies the high amplitude peaks or tones in the signal is
shown in Figure 5. The non-linear transformation finctien (%} tan be reconstructed
from (he actual amplitude distibution function of the signal and the predetermined
amplitude distribution function, as disclosed ahove in conncetion with (he equations (1-
.

In block 14, "Frequency Shape" of Figwre 4, the frequency domain
characteristics of the signal are improved. The eorrccted frequency curve is achieved by
comparing (dividing) a predetermined spectval density dhrough the measured spectral
density of the (intermediate) signal. An example hereof is given in the best maode
embadiment described in the sequel with a convolution of FFT functions.

In the flow [4] of Figure 4, like in the flow [4] of Figwe 2, again it is shown how

an iterative procedure of the steps detuiled hereabove may lead to 2 further improvement
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of the firal for nse in or oo a communication systern. The iterative procedure is executed
until the predetermined quality criterions are achieved.

With the methed according to the invention, as disclosed above, signals
representing cross-talk noise und ingress noise can ho generated with a device, such as
an impairment generator 8, sce Figure 1, which may be amanged [or providing a signal
eomprised of both a cross-tzlk noise signal and an ingress noise signal, while other
signal components way be 2dded to the output signal to be provided, if required.

The signal to be provided, in an embodiment of the invention, can be
advantageously provided s a sixth set of numbers in the time domain, for example an
array of numbers,

Figare 6 shows, in a flow type diagram, an example embodiment of the
inventivn, Tunming on a Personal Computer 20. The impairment noise is generated by
block 21, called SPOCS, comprising a block 22, "White noise signal”, a block 23
"Spectral shaping”, provided by FF'T, u block 24, "Desired nnise signal”, produced from
the output of block 23 hy IFFT, the resuiting sigoal of which is stured on an ASG card
25. In the crosstalk scenario, i.e. block 26, a noise PSD is created, block 27, which is
further processed hy block 23,

A best mode embodiment of the set of instructions of the mvention is disclosed
here helow. The code piven here below is compiled in a MATLAB environment,
Commenls related to the fnctionality of the code are given after the % signs. For a
person skilled in the art, the code provided is sell-explanalory.

Figures 7-9 show results obtained with the best mode cmbodiment. Figure 8
shows u plot of the spectrum of the generated nodac sample pjus the PSD of the noisc
profile. Figure ¢ shows a plot of the generated noise sample in the time domain. Figure
10 shows a plat of the distribution function of the gencrated neise sample, Figure 1
shows 4 plot of the cumulative distribution fanctiopn of the generated noise sample.

Figure 7 shows a graphical User Interface (L) and scttings of the AWG control.
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function Demolmpair2;

0,

% Demolmpiir2

%
Y
%

%

Code, programmocd in the Matlab programming language, that demonstrales the
baste algerithms of an Lmpairment Generalor.
The denonstrated algorithms have full control over the predefined quality
eriteria, such as:
- frajuency and time domain charscteristios (spectrum; probability
distribution) when generating noise with conlinuous spevira
- carrier amplitude, carrier frequency, modulation dopth and modulation
width, when generating noise with diserete spectra
Bolh types of noise are calculaled independently, and represented in the time
demain as arrays with numbers.
Both types of noise can be made availabie simultancously by adding these
arrays element wise,
{c) 2000-2001 KP'N Research;

DEMO FUNCTIONS

DemoXtalkNoisc - shows the proccss of crealing continuous noise

DemalngressNoise - shows the process of creating discretc noise

MAIN FUNCTIONS: Noise is represented as an array with random numbers

DefincShape - initialize att user-definable parameters

CreateNoiseCont - generates continuous noise

CreateNuojseDiscr_Fast - generate discrete noise, fast algorithm

CreateNoiseDiser_Slow - getigrate discretc noise, slow algorithm

FrequencyShape - modify spectral density of continuous noise

AmptitudeShape - modify amplitude istribution of continuous
noise

JP 2004-503177 A 2004.1.29
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% SUPPORTING FUNCTIONS:

% CalcSpec - calculates the spectral density ot noise

% CalcNBSV - culculates the narrow hand signal voltage of
Y ncise

Y CaleCrest - calenlates the crest factor of noise

k] CakeDistrib - calculstes the probability distribudion of noise
% CaleCumbDistnb - caleulates the commlated distribuiion of noise
% CalcSmoanth - smoothes a spectrum, Jike in 2 teal spectrum
% analyzer

% CaloEnhancedGanssDistributicn - a smnple of a near-gaussian distribution
% CaleDemodulation - culcolate the noise modulated on a carrer

& (]

Shape=DefingShape;

DemoXtalkNoise{Shape);

DemolngressNoise{Shape);

1y

function | U tl=DemeXtalkNoise{Shape);
Yommmm e

% demonstrates the generation of noise with conlinuous specirun
% e.g. for vrosstalk festing

R = Shapc R;

CF min = Shape, Xtalk.CT_nin;

U, 0=CrealeNoiseCont(Shape); plot{t,L]}; title( Xtalk method 1'); shg; pavse
[X t}=CalcSpec(U,t); plot{f.X); title{'Xtalk method 1'); shg; pause
X, fl=CaleSpec{0,t); plot{f,dBm(3,R)); title(Xtalk method 1'); she; pause
[P u]=CaleCumDistdb{U); plaifa,PY; title{ Xralk method 17; shg; pausc
%

U=AmptitudeShape(lT,Shape);  plot(t,L); titlefMtalk method 27; shy; pause

JP 2004-503177 A 2004.1.29
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[X,f]=CalcSpec(U,t); plot(£,X) title{ Kzalk method 2%, shy; puuse
[X,fi=CalcSpec(U,1); plat{£;dBm(IR)); title( Xralk method 2Y); shg; pausc
[, u}~CaleCumDistrib{U); plot(u,P). title{ Xtalk method 2, shg, pavse
%
(U =FroquencyShape(U,Shape);,  plot(t.Uf); {ifle("Xtalk method 3); shp; pavsc
[X,fl-CalcSpec(U t); plot{f,X}; title("Xtalk method 3%); shg; pause
[, fl=CalcSpec(U 1), plorf,dBm (X R)); title(Xtulk method 3'); shy; pause
[P,ui=CaleCumDistrib(U); plotw,P); title' Xtalk method 3°); shg; panse
%
for i=2:10

i

T=AmplitudeShape( U, Shape);

[X.f1=CalcSpec(U,1);

%

1J=FrequencyShape(l),Shape);

|, f]-CaleSpec(U t);

o

if CalcCrest{Uf)>CF_min, break; end;
end;
{P,u]=CalcCumDistrib(1);
plot(t,L}; title("Xtalk method 4%); shy: Yepause
plo{LdBm{Z R)):  fitle(Ktalk method 4%; sha; %pause
plot{u,P); title("Xtalk mcthod 4%; shg; %pause

%

tupction [U,t]=DemolngressNoise{ Shapc);

[

‘o-

% demwonsirates the generation of noise with discrete spectram e.g. for ingress testing

R = Shape.R;

[L1}=CreateNoiseDiscr_Fasi(Shape);

JP 2004-503177 A 2004.1.29
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24U, 1-CreateMotseDiser_Slow(Shape); %gives sume result
(X =CaleNBSV(LULt); plot(f,dBm(X,R)); title(Ingress method"); shg; pause
for ToneNe=[1:2]
[Uae,Uace_ms}=CuleDemedulation(U,t,Shape, ToneNr);
plot(,Uac); title("demoduluted ingress neise of one carrier'); shy; pause
[P,u]=CalcDistrib{Uac/Uac_tms);
plot(u,P); title('distribution of demod noise’); shg; pause
end;

nu

function [Shape] = DefineShape;
Y-

voCreate the noise profiles for the noise that should be generated, in terms of

% - spectral density (in this example rectangular in nature)
%% - probability distibution (in this example near Gaussian)
o - tones and madulation

Yo Spectra in Volt per sgri(Hz)

u,

TFmax=4Ef; FI=300E3; Fh=700E3; N=2"1%; R=135%,

of=5.5; % desired erest factor)

of min=5.1; Y% desired crest factor}

m—N/2;

%

Shape.N=N; % number of time samples
Shape.m=m; % number of freq saniples
Shope.dF= Fmax./(m-1); % frequency spacing

Shape.dT= 1/(N*Shape.dF); % time spacing

Shape R=K; % impedance of desired noise source;

% define crosstalk noise larget (Spectral density & Amplitude Distribution)
Shape. Xtalk.freq =[0:m-1]' * Bhapc.dF;
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Shape. Xitalk.spec =(Shape. Xialk. freq>=FI).* (Shape Xlalk freq<-Fhp{1/300);
Shape. Xtalk DistU = 0:c£1000:cf;

Shape. Xtalk DistP = CaleEnhancedGaussDistribution{Shape Xtalk. DistU, cf); %P
Shape Xtalk.CE_min=cf_min;

%4 define ingress noise target (RIE-Tones)

P_dBm —{-70;-50;-60:- 60;-40:-60;-60;-40- 70:-40} % dBn (@ 135 ohm
P=(10).MP_dBm/10)* 1 E-3;

Shape.Ingress. Toncl =sqri{P*135); % U=sqri(I* R); offective vatue
Shape.Ingress. Tonel’ =[98;207,333;387;531:603;711;801;909;981 [*1 K3;
Shape.lngress. ModDepth = 0.32*%ones(10,1);%=mod index > 0.8, at CF>2.5 )
Shape.Ingress. ModWidth — 2#4.5F3%ones(10,1);  %- -10 kHz ., +10 kHz)

n,

tunction [1,£] = CreateNoiseCont(Shape);

o,

% cregie o noise voligge U(t), with predefined frequency domain characteristics

% (spectrum), but with unconirollod time domain characteristics (distcbution)

M = Shape.N; % number of samples, to be gencrated
% = rand(N,1); % Uniform distribuled whils noise

U = randn(N,1% 2 Gaussian distdbuted white noise
U = Frequency Shape(t],Shapa); % shaped noise

=[0:N-1T * Shape.dT; 2% associated time axis

[}

function | Ut} = CreateNoiseDiscr_Fast(Shape);

o,

% Create a voliage U(t), with AM modulated carriers (RFI Toncs); cach huving un

% individual predefined frequency, amplitude, modulation width and medulation depth.

% The random phasc of the lower side band of each vamrier tone is mirrored to

% convert arbitrary QAM modulation into {ne mivroring) into the more resticled

JP 2004-503177 A 2004.1.29
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% AM modulation (full mirrering)

5 Mark that X refers in this algorithm to the components of  the Fouxjer series
% of the {near harmonic) ingress noise signal ., while it refers fo the

v, spectral density in case of the {pseudo random) crosstalk noise signal

%

%, Caleulation time increases about linear with the sumber of samples

% About 80% of all calculation time iz cauzed by the inverse Fourier transform

[

N= Shape.N; % number of sampies

u =~ Shape.n; % half this number
Nesround(Shape.inyress. ToneF/Shape.dF)+1; % index of carrier freg {pus only}
Nm=round(Shape.Ingress.Mod Width/Shape.dF/2); % numeber o modulation

%0 CODIPONERHs

Ko—0.5*3hape. Ingress. Tonel; % amplitude of carrier amplitude
Xm=$hape.Ingress. ModDepth ¥ Xe/sqri(2*Nm); % amplitude of modulation band
X=7cros(N,1); % initialization
He=c, *exp(i* 1 000*rand(size(Xe))): % mandom carrier phase
Kee=(Xe. *Xc)fabs(Ko. ¥ e);
for k=1;length{Ne) % for alt modulated carriers, do:
Nmp=Nc(k+[1:Nm{k}; - % locate upper side band
% [requencies
Emn=Nec{k)-[ |- Nm{k)J’ Y% locate upper side band
% frequencies
Kmp=Xm{k).*exp(j*1000*rand(size(Nmp))); % create upper side band
Xmn=conj(Xmp)*Xcefk); % mirror lower side band
K{Nmp)}=Xmp; % ingerl npper side band
A {Nmn)=Xrun; % insett lower side band
end;
K(Ne)=-Xc; % inscrt all carniers
X(W:-Lm=2)—eonj(X(2:ceil@m))y; % Append spectrum

JP 2004-503177 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

30

(116)

WO D2AHSTS POT/EPOLAOTEIZ
29
% (pegative freq.)
%U= real(QIICX))*N; Transform te tinee-domain
T = real(fR{0); Y% Trapsform to time-domain
% {10% faster)
t= Shape.dI*[0:N-1]; % associated time axis

n,

funciion [U,t] = CreateNoiscDizer Slow{Shape);

o, Create a voltage U(L), with RFI Tones at predefined frequency, emplitude
% and medulation handwidth and medulation depth
% This algorithm is straight-forward, very inefficient, and for demo purposes only

% Tt can prove that CrealeNoiseDiscr_Fast rélurns the same results

©,

N = Shape.N; % number of samplcs, to be generated
m = Shape.m;

£=[0N-1} * Shape.F;

{=[("N-1] * Shapc.dT;

Fc=S8hape.lngress Tonel, % dist of carrier frequencies
Fc=Shape.d? * round(Fc/Shape dF); 4 force an inicger number of perieds
Y

-1,

for k=1 :length{Shape.Ingress. ToneF);
% -- create noisy modulate, having U_avg=0and U_rma=1.
Nm =round(Shape.Ingress.Mod Width(k)/Shape.dF/2);

XnO=({ I’N]<=(Nm+1})"; %4 shupe modulation noise amplitude
Kn =Xn0.*exp(j*1000%rand(N,1)); % shapc modulation nioise phase
Kn{1)=1; % Eliminate DC component,
KnfNz- 1k 2y conj( Sn(2:ceil{m)y); % Append spectrum (negative fiey.}

JP 2004-503177 A 2004.1.29
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Noise = real (i) % Transform to thne-domain
Noise=Noizefsqrt{sum{Noise. *Naise}t); % Torce rms-1

% -- perform modulation

Carrier = Shape.Ingress. ToneU(k)  * cos(2*pi*Fe(kPt+1000*rand);
Modulate = Shape.Ingress. ModDepth(k) * Noisc;

1 — U + Carmier .* (1 + Medulate);

end;

a,

function [U] — FrequeneyShape(U,Shape)

% Reshape the spectrum of the sample U, as specified by the target shape

%o INPUT:
% u: the consecutive values of the sample
% fi: the smnple frequency

% Spectim: the desired PSD (in V/isqri{Hz})

N = length(U);

m = length{Shape, Xtalk.spec); % m—IN/2
t= [0:N-17*Shapc dT;

perform the reyuency scaling

Scaling — Shape. Xtalk.spec / CaleSpee(U,);

X = iUy, % Transform to frequency domain
(=0 %, Eliminate DC componenl.
W(Zm 1) — X(Zamrky) * Sealing; % Scale spectrum (positive freq.)
K(N:-1:mi+2)=conj(X (2:ceilim))); 94 Append spectrum (negative freq.)
U = real(ifR{30); % Transform to time-domain
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o,

fumction [17] = AmplitudeShape(U, Shape}

% This function shapes the amplitude distribution of the funclion U

% by an amplifude dependent (non-linear) distortion function Q(x).

% The result is Uit) — Q{U(t)}

%

94 Let FF he the actoal cumulative distibution function of the sample, ad
4 1ot (33 he the desired cumulative distribution fancton,

% then the distortion {anction is given by

% Q)= GGM-1) FF (x)

o, -
o —

Ul=sqri(som(U.*17)length(U)); s¢sealing faret (for normalization)
% Calculate the distortion function G

[DistP 1,DistL 1] = CaleCumDisteib{U/U0); % the setual distribution
) = interp1(Shape Xtalk.DistP, Shape. Xtalk DistU, DistP1}; % the distortion function
11 = 10 *interp 1 {DistU1,Q.abs(U/U) * sign(U}; % Perform the distortion
% plot(DistlU1,0); shg; %pause

o,

function [X f] = CalcSpec{U,t);

[

% calculate the spectral density of a signal, when it would be 'measured’

5 at specified resolution bandwidth

REW=I1E3; o%RRBW: the desired resolutior for the spectrum of U
N — length(U); m=N/2:

dT = H{2)-t(1); time spacing

dF = 14T/N; %% frequency spacing

= |0:m-1]"*dE; % all positve [requensies
X=H{l)*dT; ¢4 to frequency domain
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% No DC and no negative frequencies.

% average it over bandwidth RBW

function [X,f} = CaleNBSW{U, 1},

0,

v, caleulaie the narrow hand signal voltage of a signal, when 1t would be 'measured’

% at specificd resolution bandwidth
RBW=1E3; %RBW:

N~ length(U7}; m=N/2;

dT = #{23(1),

dF = 14T/,

= [0an-17*dF;

X — fRU*T * sgri(dF),

WX = RN,

X = fi(UYN=2;

X = abs(X(2Z:m+1));

%X — sqri{CaleSmooth(XL*X, f, RBW)),

LY

the desired resolution for the spectrum of U

% time spacing

% frequency spacing

% 2l! positive frequencies

to frequency domain

% to fiequency damain

% to frequency domain

% No DC and no negative frequencics.

%, average it over bandwidth RBW

fimction [CF] = CaleCrest(L)

o

o, Calenlate the Crest Factar of a signal (L(£), which is the peak value

% divided by the rms-value

Unms = sqrtfsum(1)."2 ¥length(U));
Upeak = max(ubs(11));

CF = Upeal/Urins,

JP 2004-503177 A 2004.1.29
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o —

function [F]=CalcknhancedGaussDistribution(x, Gy,

n

9% Generate a Cumulaiive distdbution function F(x) that is identified as
% “enhanced gaussian distribution™

% Cf = crest factor

Alpha = le-3;

Yigma = sqri{ {1+Alpha) - CF*2 * Alpha/3);

x= x A0 (xaCh L CF * (o=Cl);

dengratnator = Alpha + erf(Cfi(squt{Z)*Sigma));

F=1-(Alpha * x/C[+ erf(x/(sqrt{2)*Sigma)}ydenominator,

ar

function [DistP, Distl],P] = CaleDistrib(Li}

% caloulate the amplitude distribution of signal U
N = length(U);

Nbins—10;

[cumbin,xx] = hist{U,Nbins);

AERx(3)-xx{2);

DistP — cumbin(:)}/N/IX; % force sum(DistP)*dX
Diigtl!) — xx(2);

Urms=sqrt(zum(U TN},
P=exp(-0.5%{DistU/Urms).2); P-Plonm{P¥dX;
DistU=—{Disti] DistU];

DistP={[istP P];

2004-503177 A 2004.1.29
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fanetion |HstP, Digtl] = CaleCumDistib(U}

9% calculate the (bugkward) cumulative amplitade distribution of signal U

len = length{lT);

Uell - sqri{sum{U .* U¥length(U));

U  =abs(U/Uell);

% —- gvaluate distribution function

Nhins = min([50,{loer(len/16)]);

Leunbin,xx] = hist(U,Nbins);

BinWidth=xx(2) - xx{L});

DistU = xx - BinWidth/Z; % shift

for n = (Nbins-1:-1:1]; eumbin{n} = cumbin(n) + combin(n i §); end

DistP = cumbin/len;

9% -— improve numerical stability for other routines, when they use this resull
Distl = 0, DistU(2:end) ] % starf atx =0

DistP = [DistP, L/ien];

DistU = [Dist,xx(Nbins) + 0.999 * BinWidth/2];, % add final (single) point
DistP = [DistP, 1e-100];

Distll = [DisiL,xx(Nbins) + {1.001) ¥ BinWidth/2]; % factor 1.001 for stability

) -

funclion PR, freq]=CaleSmooth(P ST, freq, REW)

a,

% Fmisate a real Spectrum Analyzer, with finite resolution bandwidth, and

9% Gnssian shaped band filters

%a PS> = “power spectral density” which iz de square of the "spectral density”; n
Y Volts per square Hertz.

a,

o

N = length(PSDY;

A 2004.1.29
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df = freg(2)-freq(1);
br =3 * floor(RBW/dH);
faclor = 2*br + 13

if (factor > 1)

fE=df * {-br:br); 14, smooth interval
_mask — exp(-f*EH(2*RBW"2));
..mask — mask/sum{mask); ©: Gaussian mask of resolution hand filter

_xhelp = [PSD:zeros{2*br, 1)];
Ip == filter(mask, 1,xhulp); % smart convelution
PSD = yhelp(hr+1:end-br);

end;

o,

function {U ac,Uac_nnsFCa]cDemodulatiun(U,t,Shape,Tonch);

o

% Demodulate the noise thet has been modulated on the carriers of the diserete
% noise, it is for damonsiration purposes only to prove that the

2 discrete noige meets the predefined parameters.

%

The demodulatur uses synchronous detection, that is not locked in phuse

o, The consvquencs is 2n unknown attenuation over the tisll demedulation band.
9, This is corrected afierward by measuring the DC level, and amplity the

% demodulated signal until this DC leve! has been normalized to 1 VoIt

Y%

% PROOF: (psi is unknown)

oy Lt §Irl-cos(w¥t+psi)*(1+Trac); wy = carrier modulated with *1+1Jac™
% U =cos(wH(); = carrier

% Ud =uUrf*Uc; 9 = synchronous detected signal

%

%% then Ud=1/7{eas(psi+ 2 s tcospsily*(]  1ac);

JP 2004-503177 A 2004.1.29
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% Ulf=cos{psip2#(1+Uac), & atter low-pas filteriag
Yy Ude=cos(pai)2;
% Vac=(Ulf/Udc)-!;
[y
N=Shape.N,
Fe=Shape Jngress. ToneF (ToneNr);
Fe-Shape.dlF * round(Fe/Shape.dF);
ModWidih=Shape.Ingress. Mod Widlh(ToneNt);

%=y averaging Ulf

vselect cartier frequency

v,forec an integer number of periods

ModDepth=Shape. Ingress. ModDepth(TeneiNt)y,
Y
Ud=Li.*cos(2*pi*Fc*1);
Nmeround(}. 1 ¥Mod Width/Shape.d/2); % catculate filter frequency
mask=reros(i,1); mask([17Nm, N-Nm:N1=1; Y% creats filter

Ulf=real(i i 1i(1 d). *mask}); % perform low-pass filtering

9 synchrongus detection of medulated cartier

Tde=sum{ULHN; £ find not narmalized DC level
Uae=ULf/Ude-1; %% normalize overall level, and remove DC.
%

Uae_rms=syrt{surn(Uac.¥Uac/N)); % must be equal to ModDepth, since Uide=1

Scale~Tac_rms/ModDepth; % must be "one"

JP 2004-503177 A 2004.1.29
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i A method of arranging a signal having at least one predefined quality criterion,

preferably for use in or on a communication system, gaid method comprising the steps
aof:
- representing a first signal comprising 2 plurality of frequency components sach
having spectral amplitude and phase properiies, and
- processing seid represented first signal by arrapging said speetral urepliinde

propertics in accordance with the or each predefined quality critetion, and arranging
random phase properties.
2. A method according to claim 1, wherein said first signal is represented by a first
set of numbers specifying 2 spectal ezplitede and phase of each frequency component,
3 A method according to claim 1, wherein said first signal is represented by a
second set of complex numbers having a real part and an imaginary part, said parts in
combination specifying a spectral amplitude and phase of ach frequency component.

4. A method according to claim 1, wherein said first signal is represented by a third
set of pumbers each specifying an amplitude of said first signal in the time domuin.

3 A methoed according tn claim 4, further comprising the step of transforming said
third set of numbers from the time demain into the frequency domain for representing
said Gvst signal by a fourth set of numbers specifying u spectral amplitude and phase of
cach {requency compenent,

6. A method according to claim 4, further comprising the step of transforming said
ihird set of numbers from the time demain into the ficquency domain for representing
swid first signal by a fifth sct of complex numbers having a real part and sn imaginary
part, said parts in combination specitying a spectral amplitude and phase of each
frequency component.

7. A methad according to any of the previvus claims, further comprising fhe step of
posi-processing of suid processed represented first signal to achieve a cloger match 1o
the or cach predefined quality crilerion,

& A method according 1 any of fhe previvus claims, further comprising ihe step of

JP 2004-503177 A 2004.1.29
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transforming said provessed represented signal from the frequency domain into the time
domuin.
9. A method aceording to claim 8, wherein said signal having said predefined
quality critetion is represented by & sixth set of pumbers in fhe time domain.
16. A wmethod accerding to any of the previous claims, wherein the or cach
predefined quality criterion comprises at leust one madulated carrier, the or each
modulated catrer including sny of a group comgprised of a carier frequency, a carrier
amplitnde, 2 modulation depth, and a moculation width.
1. A method according to any of the claims 1-9, wherein the or sach predefined
quality criterion corprises any of a group including of a predefincd time domain
amplitude distribution and u predefined envelope of spectrnl amplitudes,
12, A method according to claim 11, further comprising the step of arranging said
procossed represented first signal in accordunce with a predefined fime domain
amplitude distribution.
13. A method acconding to claim 11 or 12, further comprising the step of arranging
said processed tepresented first sigral in accordance with u predefined envelope of
speciral amplitudes.
14, A method uceording to claim 12 ot 13, wherein at least one of said time dormain
amplitude distribution and envelope of spectral arplitudes is approached by an iteration
process.
15. A method according lo claim 14, wherein said iteration process cumprises a
comparison of eny of said time domain amplitude distribution and envelope of spectral
umplitudes of said processed represented first signal with & predefined time domain
amplitude distribution and predefined envelape of spectral amplitudes.
16, A mcthod according to any of the previews claims, wherein said signal having
the or euch predefined quslity criterion is provided by combining a plorality of
represented signals processed in accvrdence with clajm 10 and progessed in aveordance
with any of the claims 11-15.
17. A method according o any of the previous ¢laims, wherein said signal having

the or each predetined quality criterion is a noise signal.

JP 2004-503177 A 2004.1.29
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18. A methad in aceordance with any of the previous claims, wherein said sipmal
having the or each predefined quality criterion is provided by a set of instructions in
coile formul and executable in a predetermined order on 4 processing device.

19, A setof instructions in code format and executable ina predetermined order on a
processing deviee, said set of instructions being artanged for penerating a signal having
the or ¢ach predefined quality criterion and random phase properlies from a
represcntation of a first signal following a method in accordancs with claim 18,

20. A device comprising processing means, memory memns and arbitrary wavc
generalor means, amanged for genernting a signal having at least one predetermined
signal quality etiterion and random phase properties following any of tke previous
claims.

21. A signal having at least one predetined signa! quality criterion and random phase
properties, generated in accordance with any of the previous claims.

21, A data carrer device comprising 2 library of signal representations for usc with
any of the provious claims.

23, A mothod of testing the epcrasion of a communication system, said method
comprising the stcps of!

- generating a signal having al ieast onc predetermined quelity crilerion in
aceordance with any of the previous claims, and
- transterring said signal throngh said cemnmunication syster.

24. A syslemn comprising means for generating a signal having al least one
predefined signal qualily criterion. following any of the previous claims, modem means,
cable means und processor means, wherein said processor means are arranged for
controlling swid gencrating means, modem means and cable means for automated
measurement and/or menitoring purposes.

25. A telocommunications systen arranged for uperating said method of elaim 24,
26, A method of aTanging a signal, proforably for use in or oo a communicalion

syatem, said method cumprising (he steps of:
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- representing a first signal in time domwin having a time domain amplitude
distribution, said signal faving a spectral density in the freguency domain, thereby
achieving a represented sigmal;

- processing said represented signal in accordance with a  non-linear
tansformation, said non-linear transfarmation achieving at least ane predefined quality
criterion,

_ said time domain ampiitude distribution of said represented signal being
processed at least with an inverse function of 2 predotermined ime domatn amplisade
distribution.

27. A methnd according te claim 26, further comprising the step of comparing said
time domain amplitude distribution of said represented signal with said predetermined
time domain amphitude distribution, and thereafter amanging sald non-lincar
iransformation in otder to achieve a processed Tepresented signal haviag a time domain
amplitude  distribution approaching said predetermined time domain  amplitude
distribution.

98, A method according ta claim 26 or 27, wherein said processed represented signal
g(t) is a function Qff2)} of seid reprocented first signal ) and wherein said function @

is defined as:
Q(x) = sign(x)- e (F(]x‘n
with:  sign(al=x/lx| for x<>0; sign(x}=0 for x=0

# being seid time domein amplitude distribution of said represented signal; and

¢ being said predetermined line domain amplitude distribution function.

29. A method according to claim 28, further comprising the step of achicving said
represented signal with a spectral density according (v 2 predetermined spectral density
qualily ceiterion,

30. A method aceording lu cluim 26, further comprising the steps of ©

- transforming said firsi signal to the frequency domain ; and

JP 2004-503177 A 2004.1.29
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- multiplying said first signal in said treyuency domain with 4 speetral envelope,
thereby achicving a multiplied signal ; and

- teansforming said multiplied signal to the time domain.
31. A method according io claim 30, frther comprising the step of comparing said
time domain amplitude distribution of said represented sigmal with said predetermined
time domain amplitude distribution, and thereafier amanging said mon-linear
trensformation in order to achicve a processott represented signal having a time domuin
xmplitude  distribution  approaching said predetermined lime domain amplitude
distribution.
32, A methud according to claim 31, further comprising the step of achieving said
represented multiplied sigual with a spectrel density according ic a predetermined
spectral density quality criterion.
13, A metbod according to cluim 32, wherein at least two of said steps are iteratively
executed.
34, A method according to claim32, wherein at least two of said steps are iteratively
excouted until n predetermined cresi Tactor is achieved.
3s. A method according to any of the previons claims, wherein said signal is a noise
signal.
36. A method according to ¢laim 35, whercin said first signal in the representation in
the frequency domain is generated as a set of random numbers, preferably complex
sumbers the modulas of the complex number characterizing an amplitude, the argument
of said complex number cheracterizing a phase.
17, A method sccording to claim 36, whercin of essentially each of said complex
numbers its reul aud/or imaginary part is selected according to & Guussian distribution,
38, A method aceording to claim 36, wherein said modulus of cssentially each of
said complex nunbers is substantially cqual o said amplitude of said predetermined
spectral density.
38, A method according to ciaim 36, whercin said argument of cssentially cach of

said complex numbers is randon:.

JP 2004-503177 A 2004.1.29
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40, A method of amanging a signul, preferably for wse on or m 2 communication
gystem, said method comprising the steps of :

- reptesenting a first signal in tme domain having a titne domain amplifude
distribution, sail signal having a spectrul density in the frcquency domain, thereby
achieving n represented signal; md

processing said represented signal until a signal is achieved having a spectral
density according to a predetermined spectral density quality criterion.

41. A method of amanging a signal, preferubly for use on or it & comununication
system, said method comprising the steps af:

- representing a first signal in time domain having an amplifude distribution and
said signal baving a spectral density in the frequency domain, thereby achieving a
represented signat ; and

- filtering said represented signal in the frequency domain, including the steps of
evaluating at feast part of said represented signal in the frequency domain and thereafter
processing said represented signal in the frequency domain,

42. A method according to claim 40 or 4], wheiein said processing step ncludes
iterative praocessing,

43, A method according to claim 40 or 4], wherein suid processing step includes
jterative processing until a predetermined crest factor is achieved.

44, A signal comprising st ieast one of a random nuise signal, said random noise
signal having an amplitude distribution in the time domain according to a predetermined
quality criterion and a spectral density in the tregueney domaw according 1o 1
predetermined quality criterion, said random signal being composed of an array of
random rumbers.

45, A sipnal according to claim 44, further comprising a discrete frequency
spectrum.

46. A signal according to cloim 44, wherein suid noise signal is generated using a set
of instructions in a code format and being cxevuted in & predetermined order,

47, A method of gencrating a random signal comprising at least one of a random

noise sigal, sald random signal having an amplitude distribution in the time domain

JP 2004-503177 A 2004.1.29
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according to a prodetormined quality criterion and having a spectral density in the
frequency domain according to a predetormincd quality criterion, said random signal
being composed of un uray of random numbers, said method comprise the step of
generating a random st of numbers using a set of instructions in a code format anil
being exesuted in a predetenmined order.

48, A method according to claim 47, fusther comprising the step of generating a
discrete frequency spectrum, said divcrele frequency spocirum using goniomeiry
functions and modulating essentially each of said disurete froquencies with a noise
charavteristic.

49. A mcthod aceurding lo claim 48, further comprising the step of combinirg said
random noise signal and said discrete frequency spectrum using a set of instructions in a
ende format and being executed in a predetermined order.

50. A set of instuctions in a code format and executable in a predetermined order,
said set of instructions being wranged for gemerating a random noise signal and 2
discrete frequency spectrum, said random signal haviug an amplitude distribution in the
time demain according 10 a predetermined quality eriterion and having a spectral density
in the frequency domain according to 2 predetermined quality criterion.

51, A ftest system for testing the operation of 2 cornmunicafion system, said test
systemn comprising a sct of instructions in & cnde formal and executable in a
predetcrmined order and comnpiled on a device, said set of msiruclions being aranged
for generaling a noise signal comprising 4t Jeast onc of a random noise signal and a
diserete frequency spectram, said random signal having an amplide distribution in the
time domain according to a predetermined yuality eriterion and having a spectral density
in the frequency domain according to a predetermined quality criterion.

52. A method of lesting the operation of 4 comtaunication system huving 5 niadem,
said method comprising the step of superposing on a signal transceived by said modem,
u signal comprising at least ope of a randem noisc signal and a discrete frequency
spectrum, said random signal having an amplitude disiibution in fhe tire domain

acoording to a predefermined guality criterion and having a spectral density in the

JP 2004-503177 A 2004.1.29
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frequency domuin aceerdivg fo a predetermined yuality eriterion., said noise signal
furthermore being composed of an arrzy of randotn numbers.

53, A method of testing the quality of operation of 2 communication system having
2 moden, said method comprising the steps of -

- superposing on a signal transceived by a said modern, a signal comprising at
least ong of a random noise signal and a discrete frequency spectrum, suid randora
sigmal having an amplitude distribution in the time dunain according to a predetermined
quality eriterion and having a spectral density in the trequency domain according 1o 2
predetermined quality criterion, suid nuise signal furthermorc being composed of an
array of random pumbers ; and

- cvaluating said transecived signal accordiag to a predetermined quality
eriterion.

51, A method of improving the design and/m production of a communication.
systemn, said method comprising the steps of -

- superposing on a signal transceived by 2 modem a signal comprising at least
ene of a random nouise sigral and a discrete frequency speclram, said random signal
having an amplitude distribution in the time domain according o predetermined
quatily criterion and having a speetral densily in the frequency domain aecerding to u
predetermined quality criterion, said noise signal furthermaore heing compesed of an
array of randem numbers ;

- cvaluating said transcoived signal according o a predetermined quality
criterion; and

- itcratively arranping fhe design of said modem in order to approach closer to
said quality criterion for cvaluating said transceived signal.

55, A telecommunication nctwork including 2 signal cumprislag at least onc of a
random noise sipnal and a discrete frequency speclrum, said tandem signal having an
anplitude distribution in the time domain according ko a predetermiined quality crilerion
and having a spectral density in the frequency domuin according to & predetermined
quality etiterion, sald noise signal finthenmorc being comnposed of an array of random

numbers.
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