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Abgract- This paper presents an instrument for the automaéssification of the common
impairments on Quadrature Amplitude Modulation (QABMgnals. The instrument is intended to
help telecommunication service providers to guae@Quality of Service (QoS) to their customers.
Starting from an already developed method basetherprocessing of the constellation diagram
image, the paper presents both significant imprerdsin the method and the realization of a
prototype of impairment classifier, based on a RRBP hardware architecture. Experimental results
of the validation phase of the realized instrunagatpresented, too.

I. Introduction

In the last years, the Quality of Service (QoShasoming a key factor in determining the market
position of telecommunication service providerse Hitention of companies is not only focused on
reducing the costs for network installation and mteiance, but it is based also on providing the
customers with a QoS consistently higher than tbhmpetitors’ one. This leads to frequent
investments in technological innovation for thetowmous network monitoring, in order to quickly
identify and remove the QoS drops. For this reas@necessary to check continuously the status o
the managed network, by verifying the compliancespecified quality objectives and avoiding
sudden quality drops, which can be perceived by diistomers. This may be carried out by
identifying quickly the QoS degradation causes #&it locations on the network and executing a
suitable preventive maintenance.

Currently, the network monitoring is performed kyoking at the constellation diagram and
evaluating some characteristic parameters of thgatimodulation, such as the Modulation Error
Rate (MER), Bit Error Rate (BER), Error Vector M#gde (EVM). This analysis is performed by
instruments that are generally remotely accessifstemanaged by professionals, able to act on the
malfunction occurrences. The main disadvantagehisf approach is the intervention of expert
personnel, able to interpret the huge amount @f pedduced and to formulate a hypothesis about the
fault causes.

Great importance has acquired the developmentwfteehniques to detect the presence, type, and,
therefore, the causes of the impairments on theankt before the customer can perceive the QoS
decrease. In particular, classification methodsegaired to allow, at low cost, either the rediaa

of new specialized measuring instruments or théamentation on the existing ones.

A method for the automatic classification of thep@imments overlapped to the QAM transmission,
based on image processing, has been presented?in The basic idea of the proposed classification
method consists of extracting the information am dghality of the signal, looking at the image of it
constellation diagram. Starting from [2], the meth@s been improved, by adding the Quadrature
error and modifying the Phase jitter classificatioodule, in order to obtain a better classificatién
such impairment. After verifying the potentialitf/tbe method by means of a simulation analysis, a
measurement instrument prototype has been implech@nt a multi-DSP board. The probability of
correct classification of the instrument has baetuated during an experimental validation phase.

In the following sections, a description of the newage processing method will be presented. Then,
the prototype will be described and the implemémabf the method will be presented. Finally, in
the last section, the results, obtained duringetkperimental validation phase, will be shown and
discussed.

[I. Improved method
The method presented in [2] has a modular architeend is capable of identifying the following

impairments: Amplitude imbalance, Phase offsetsBhiter, Interference. The classification works
as follows:



The images of two decision areas are selectedtemonstellation diagram. Each image has
a resolution of 50 x 50 pixels with 256 valueshaf gray-scale.
A filter is applied on the images in order to emgba the distinctive features of each
impairment.
The filtered images are compared with some preljaexzorded reference images, one for
each type and value of impairment that the metlsodhle to detect and classify. The
comparison is performed using an algorithm derifvech the template matching technique
[1]. In particular, the normalized mutual corredatifunctionR between the examined image
and the reference images is determined by:
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wheret(i,j) is the luminance level of the pixel with coordes(,j) of the test imagd(i,j) is
the luminance level of the pixefgj) of the image that must be classifiedandn are the
image dimensions.

The obtained correlation value is then comparel sdgtme experimentally evaluated detection
thresholds. Such comparison allows avoiding wrdagstfications, when no impairment is
present.

The image that presents the greatest correlatiore weill determine the class of impairment, if such
value exceeds the corresponding threshold. Othentli® method gives as result the absence of
impairments.

The classifier presented in [2] has been improyeshaking the following changes:

The Phase jitter pdf has been changed from unitori@aussian, in order to fit better the
actual impairment characteristics.

A new impairment, the Quadrature error, introduiceB TSI Technical Report ETR 290 [3],
has been taken into account, by adding a modutetatlassify it.

The filters of all modules have been modified, idev to adjust the method to the introduction
of the Quadrature error and the modification offhase jitter distribution.

The thresholds, used for the classification, hasenbadjusted to work with the improved
method.

In addition, the number of the reference imagedeas increased, in order to improve the resolution
of the classifier. In fact, for the amplitude imdoate, 12 images have been taken into account, 4 for
each component (I-Q) and other 4 for the impairneeniboth components. Instead, 5 images for each
other impairments have been taken. In Table 1,rémges, in which the classification can be
performed and the impairment values of the referémages are shown.

The block scheme of the improved method is showigri.

Table 1.Classification range and reference images v

Impairment Range Impairment values of reference images
Amplitude imbalance [%Vfs] 2-5 2 3 4 5 -
Gaussian phase jitter [rad] 0.025-0.050 0.025 3®/00.035| 0.040 0.05
Interference [dB] 29 - 23 29 27 26| 25 2
Phase offset [rad] 0.025-0.080 0.0p5 0.035 0.p46060 | 0.075
Quadrature error [rad] 0.025-0.080 0.025 0.03504®, 0.060| 0.075

A. Gaussian phase jitter

The fluctuations in phase and frequency of thellatmis used to modulate the digital signal, often,
determine a sampling uncertainty in the receivet, dor this reason, the local oscillator makes a
wrong phase lock on the modulated signal, introdych random phase displacement. These

fluctuations can be generated from various

independent causes, which contribute to create
the Phase jitter. Therefore, for the central limit

theorem, the impairment is better modeled with

a Gaussian random variable. To diversify as
much as possible the Phase jitter reference
image, this last is built by combining decision
areas taken at the corners of the constellation ==
it is reported in [1]. This image highlights th2
elongated shape of the symbol distribution.
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Fig. 1. Block diagram of the new classifier.



Because of the new Phase jitter model, tt eumctonor | _ _
filter used in the Phase jitter module in [1] i¢ o= | | e },_Hix?-ww[.g'is;u-m»'.. “ne | .®—.
not more effective. In fact, in the new versior | % \w BTN | Mol | Mol [BETH N2
the median filter is not applicable, because : :
“cuts” the tails of the Gaussian distribution. I ks 1} el
was necessary to define the appropriate fi
in order to make the symbol spots smoot
reducing the noise effect. The types of filts
used to enhance the characteristics of
impairment, have been already presented ii
literature [4]-[6], and a good solution has been
found by means of a high-pass filter that emphagtze contours of the distribution.
The processing of these images is very complexausecnoise and Phase jitter, in this case, have the
same statistical distribution and, thus, a simipleak filtering reduces both the noise and Phése. ji
The proposed solution uses different filters far téference images and the test ones:
- for the reference images, the following cascaditterfs is adopted:
average _filter (11 order), high_pass_filter, high_pass _filter, gaassfilter (3" order and unitary
variance), average_filter.
- for the test image, the following cascade of fitisradopted, as shown in Fig. 2:
average_filter (11 order), high_pass_filter, high_pass _filter, gaassfilter (5" order and unitary
variance).
Thehigh_pass_filteis not too much aggressive, because it is usedtlioe the spot distribution in the
decision area. The kernel of the filter is showr§dp while the image filtering results are depicie
Fig.3, using the HSV (Hue, Saturation.
Value) colormap.

Fig. 2. Block scheme of the Gaussian phase jitter
module. For each filter, the order is indicated
between round brackefBhe number of the referen
images is also reported together with the SNR value
used to generate them.
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Contrarily to test images, reference imag
are filtered with an additional average filter * © 2z =« & @@ @@ ® &7 =% & 5@ @ % o w

Fig. & Typical jitter impairment images proces:
with the old filtering approach (a) and the new
filtering approach (b).

to obtain a high correlation value, even if test
images present a low SNR.

B. Quadrature error module

The Quadrature error is an impairment characterlzgda horizontal spot displacement. To
distinguish it from the other impairments, it isspible to look at the symbol position distribution.
A median filter is used to clean the image from mojated pixel and to round the symbol spots.
Then, two average filters like that used for thagehjitter module, are able to make the reference
images similar with the test images that have a &\NR. In the proposed module (Fig.4), the
examined decision areas are positioned at thedwopers of the constellation.

C. New filters

The new Phase jitter model leads inevitably to sidjue filtering schemes of the other modules. The

image processed with the new filters, in fact, tasa harmful interference with those of other resju

lowering the correct classification probability. éFbfore, also the Gaussian phase jitter reference

images, constructed with the same decision arehg ofiethod [2], require different filters as shawn

Fig. 2.

The Amplitude imbalance moves with different gaims symbols along the | and Q directions. This

leads to symmetrically distributed shifts of théuatty received symbols from their ideal positions.

Using a third order median filter, it is possilectean the image, highlighting the position of $pets,

while a fifth order Gaussian filter, with nulf =

average and unitary variance, allows makil _ssisienarezs | |y i | avemsepine || avernse e |

the image more homogeneous. Respect to L }—‘j A '@—‘

previous method [2], the new propose : §

Amplitude imbalance module include: 3 Refeence [

different filters (Fig. 5a), while the decisior Bl ==

areas and the number of considered referetFig. 4. Block scheme of the Quadnaerror module

images remain unchanged. The filter order is reported between parenthe$he
number of the reference images is specified togethe

with the SNR value used to generate them.




The Interference is recognizable from the consi@fa | rindionor | _
diagram because the symbols are spread ove| #ona= | |y i F Aversge File |
circumference, giving the characteristic ring shayey -
linear filter gives, as a result of convolutiongreater —————— y

image extension. It was decided, therefore, to ectha®) i

the ring shape, using two average filters with ey —

order. The new module for Interference (Fig.5b)sus axsonmes | [ | [ | _
the same decision areas and executes the same f 1wy “%’fl }“’®_‘
proposed in [2]. . ) &
The Phase offset rotates the constellation by ticer v) s [ Il
angle. In this case, the noise has more influendh® _ e L. s
correct classification, because few pixels mord teaa

shift of some degrees. It has been preferred,fireréo

delineate the shape and pixel spot positions uaingilzlzl-
median filter. The action of this filter is to ctedhe —— =

image of any isolated pixel, highlighting the spioape. © e sien _ i
An eleventh order median filter, in cascade, assuhee Fig. 5. The images show the differt

role of interpolating, so that the image becomesen approaches to the imipments classificatio
compact and homogeneous. Compared with the m¢;y several cases: a) Amplitude imbalance

presented in [2], the proposed one (Fig.5c) inau Interference, and c) Phase offset.
different filters. The examined decision areas fen...
unchanged, while the number of the reference imade®, instead of four.

The signals used for the construction of the refeémages were generated with a SNR equal to 30
dB, in order to highlight their features. An exdepts the interference signal that is generatesdityng

a SNR of 27 dB to emphasize the wider shape ditititn

The improved modules, respect to those presentg], iare summarized in Fig.5. They highlight the
decision areas used by each ‘ _
module fc_)r the construction of | =N W
the tests images, the filters used, Al i’
for them and the number of the- N
reference images used for eath \
impairment. For the referende’ BN
images, the value of the SNR s, B\
shown, too. 02 N o
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D. Classifier calibration a) Amplitude imbalance b) Interference
The changes to the classificationwjt_\%: ] [N
method proposed in [1] required,.| ~ 3. -
the revision of the thresholds for \" _
the impairment detection. It wes’ A N
necessary, therefore, a furt@gai N )
experimental study, in order to A / \
identify the correlation values,® \ 0s L |
able to discriminate the different = St

0 oor o0z 0w om0 o oo oos A ot ats 0w ot ots oo oos L4

impairments, as rep_orted in [1]. c) Phase offset d) Quadrature error
The procedure was implemented

and executed using the
MATLAB 6.5 software. The
results are presented in
graphical form in Fig.6. Each
diagram contains three lines: (i)
the solid line (*) shows the
evolution of the minimum
correlation values between the Yo em e om ow ool
. e) Gaussian phase jitter

test images and the reference

images, for the same
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Fig. 6. The graphdepict the results of the calibration ph
impairment; (ii) the dashed line (continuous lines) and the estimated thresholds for
(A) represents the maximum classification (dashed line). The signals with Aitople
correlation between the testimbalance (a), Interference (b), Phase offsetr{d)@uadrature
images and the reference images €Mor (d) have SNR equal to 24 dB while for the &gan
phase jitter charts with SNR of 25 dB (e) are regzbr



of the other impairments; (iii) the dashed-dot I{#@ is obtained by interpolating the midpoints of
each interval defined by the points on the soli¢ I{*) and those on the dashed ling for each
impairment value.

When the dashed line\) is above the solid line (*), it is impossible ¢tassify the impairment,
because the noise makes the images too confusednfBnsection point represents the lower bound
for each classifiable impairment.

Moving to the right side of the intersection, tteskded line4) falls below the solid line (*): the more
distant they are, the greater is the probabilitgasfect decision. It means that the impairmengiesa
under analysis are very different from those of titeer impairments and, therefore, better
distinguishable. The optimal condition would beéhtve the intersection between the curves close to
zero and the three curves that open wide. To gsecto this ideal case, the action of digitaéftis
crucial. The best operating conditions were obthinith the filters presented in the previous sectio
Using the graphs shown in Fig.6, it was possibledétermine, for other impairments; (i) the
classification lower bound, (ii) the amount of inpgent used in the reference images, and (iii) the
classification thresholds (dashed bold line). lct,féor each impairment, the decision threshold has
been evaluated. For some impairments, like Ampditacbalance, Phase offset, Quadrature error, the
thresholds are constant. Instead, for the Gaupkiase jitter and the Interference, the threshade h
different values for different impairment value.

I11. Realized instrument

The improved method, described in the previousisechas been implemented in an instrument
prototype. The hardware architecture of the prpwtg based on a Signatec PMP8A data processing
board. It is a multi DSP board for parallel datagassing [7], which presents a high processing
power with a multitasking capability. The card detssof one Texas Instruments TMS320C6201
master DSP, called Program Execution
Processor (PEP), and eight
TMS320C6701 slave DSPs of the same
manufacturer. The slave DSP task is to
perform the assigned functions by PEP.
Then, the process activity occurs in
independently way on each slave DSP. ‘
When a DSP completes its task, the * _____________________ ;
PEP will assign to it another one. L S :
The software architecture is made of D R e
small tasks that can be executeg,,,, ‘<7777
simultaneously on several processcr '?“'“""‘"“”41

In this way, it is possible to obtain amesws ]

evaluation

scalable solution that can be adjusted. _ o ‘ .
according to the available processiné:'g-_’- Sequence cﬁagram of the program running ol
power. Moreover, it is possible tgnulti-DSPprocessing board. The first step is to assic

optimize the execution time by each DSP, a couple of images (test, referencey to b
maximizing the parallelism between evaluated. Then the PEP evaluates the maximum
processors and minimizing  the correlation value, thus finding the type of the
communication times among them. impairment. Finally, it compares such value with th

The implementation has been realized detection threshold.

in C language, by dividing the computational lagth that the most part of the classification pgsce
can be executed in parallel. The developed algorithn be summarized with the following steps
(Fig.7): (i) the PEP assigns to each slave DSResieimage and a reference image, relative to a
particular impairment value, (ii) the slave DSPsipate in parallel the correlation value between the
images received, (iii) the PEP collects all theredation values coming from all the DSPs and
evaluates the maximum, (iv) finally, the PEP cheifkkbe maximum value exceed the detection
threshold for the found impairment.

DSPl‘ ‘DSPZ‘ DSP n

Assign I" couple of images
i (test, reference) to be evaluated

Assign i"+1 couple of jmages
\’ (test, reference) to be ievaluated
Assign '+n-1 couple ofiimages
(test, reference) to be evaluated

Images (test, reference)
correlation

Images (test, reference)
correlation

Images (test, reference)
correlation

V. Experimental results

In a preliminary phase, the classifier has EREENTTIES con - .
been experimentally validated withwe 420 T
simulated signals. Several tests were Trigger

carried out, in order to verify the ability = e Pentu
of the instrument of identifying the TS>5104 <—  512MBRAM

impairments, in presence of d|ffereq:tig.8_ Test setup used during the experimentatiatitin.



values of the SNR and 1 Table 2. Performane of the proposed method, expresse
impairment amount. The m: Percentages of correct classification, versus SalRes. For
elements, taken into considerat €ach SNR value, the left column reports the vahtaioed by
are the correlation thresholds, the method proposed in [1], while the right coluraports the

operating range and the percen results of the improved method.

of correct classificatiol | Impairments SNR[dB]

Subsequently, further tests h : 30 28 26 24
Amplitude | 100 | 100 100] 104 10d 100 10p 985

been carried out on emula | aance
signals. These signals have k [Phaseoffset| 100 10p 100 100 975 1p0 947 97.1
obtained using the test setup sh [ Interference | 100 100 10p 100 100 985 1b0 d7.6

in Fig.8. It is composed by tne

Tektronix AWG 420 signal generator [8] and the Tekix TDS 5104 digital oscilloscope [9], both
connected to a PC via IEEE 488 bus. The clasgifisr phase has been executed by choosing,
inside the operating range of each impairment, ldeg and for each one, 30 64-QAM signals
have been generated with a fixed SNR. The tesbbas, then, repeated by varying the SNR value,

in the range 24dB-30dB, with a step of 2dB. Ifapie 3 Results of the classification of
Table 2 the comparison of the presented methoa new impairment with the improved

respect that proposed in [2] is shown, giving good ethod, expressed in percentages of
results, maintaining almqst the correct classiftat . roct classification, versus SNR values.
percentages of the previous method [2]. In Table 3

the results of the classification of the impairnsept !mpairments SNR[dB]
whose modules have been added to the method,ar 30 | 28 |26 | 24

- 'Gdussian Phase Jitt¢r 100 100 1p0  78.3
reported, giving almost the 100 percent of corf@§hadrature error 998 998 100 995
classification, for all SNR values below 26 dB. Only Gaussian nois¢ 100 10p 978 85.7

V. Conclusons

In this paper, a prototype of an automatic claasifior impairments overlapped on QAM signals,
based on an image processing approach, has besenfge The classification method has been
optimized, considering the Phase jitter as a Gansairiable. It was, therefore, necessary to parfor
an experimental procedure for filtering selectithresholds detection and correct working range
determination. Starting from the improved methadijrestrument prototype has been realized, which
operates in parallel on a multi-DSP hardware. Apeerental characterization of the classifier has
been performed with simulated and emulated sigmétls,one impairment overlapped at time. Both
on simulated and emulated signals the classifiegsghigh correct classification percentages in the
established operational range. The developed ppatotvorks with 64 QAM signals. If the
modulation cardinality changes to 256 or 1024 tlzessof the decision areas change as well.
However, the method works on images so it can wtitk with 256 or 1024 QAM by simply
adjusting the image resolution according to theadizes of the decision areas.

Further work will be spent to improve the correletssification percentages, in particular, for the
Gaussian phase jitter and to discriminate sevengdhirments at the same time.
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