;\]e3eSPlI (F6| T7=" * @&%96* 18 Cctober 2002 , Method for performng a
"quality assessnent Technical Field The invention relates to a nmethod for 5

perform ng a quald nt of a signal transm ssion |i i
non-1|inear di staﬂlﬂml‘ﬁ‘mm@mmm&h a predeterm ned test signal {#gz{?arﬂaérqgr%ogt ed
froma transmtt iver, the level of the received signal is first
adjusted in the r I then a 10 gl obal quality assessnent is
per formed by nean'Wm}Hm’mﬂlwm@mmterm ned conparison nethod. Prior Art The
obj ective neasurement _of the transm ssion 15 quality of voice signals is
gai ning nore and nor eG?"%ortance as nobile radio tel ephony is becom ng nore
and nore wi despread and with conpetition anong the various network
operators. There arMethéliefont paefhrninfon geadutiyngadesdmantsni ssi on
quality. O particular 20 interest are those which take into consideration
the properties of human hearing and provide for an automatic quality
assessnent wipchnacadn¥Fieldy corresponds to the subjective perception of a
test person (conpare . 0. 3 90 n , j ect i ure for
Predi cting Subjecti \_/gh%ﬂ;ﬂ fﬁgég?i‘%}é\gegﬂg%%gée?s" A?Eg% Jo&llrér%&gr} el%ect ed
Areas inConRfhfearibgs, Vol . WalNdy 5 amprsIweRt ppefgl9agr9signagp o 722
t1E4 Alzj_. f\lltt:ffghbﬁiﬂtﬁsi_aﬁ ClilaJri:kEKt?ﬁﬁ&ﬁgsmﬁﬁnalﬁxéaﬁfdeBESingﬁgm?# son of
e undi stor est _signal w, e received sjgn i stor y e
transm ssi on‘."ﬁ}?{"i g QHS%ﬁ%Fﬁ&?ngdp dqui fbg gﬁa?ﬁ’f‘bFFrﬁgi F&%®ofpari son
is that the tespbmottéehe tecai wedtesivynal thecdrewel | pfratlededeceitlad  of
t he undi storfed test. signal 8 t obegr. 2 - la.EP 0644 74 A2
di scl oses a ?r’é?ﬁ%g o> agéie:ggi nabdljtlhsg%:efc?aﬁgm és)tgléor?e(f%éll‘f‘?ry 8fléa @b‘?%ea
transm 99 onglobil omuald thasassessmentanishi perfopmedetly nineedst esf a
sequence. - Tlgge(géggmiﬁgazgg?ﬁpgg‘%Eoﬁeﬁggﬂga.| s divided up into a
multiplicity of tinme intervals, the phonetic properties being digitized for
each time interval and a corresponding internediate value formed. Wth the
aid of a neupsloneamork, the transm ssion quality is assessed on the basis
of the totality of t eI pbint r.redi at e \(1%' ues tasogoqﬁqfe nggg;lgte QL _poor .
The net hods for rapi Fedl A TFe Conl'Forv6F the s gnal préevi ou@ﬁ?skﬁ wn
(conpar é5 e.qualifiyy ToRecommendatiignalz 53 | gedeling grore t hadef heces of
the distorti t ] i t tilLe p ens are
Hé%?fgav\xégg g%g%%%ée Qﬂdggz é@léiﬂ{(gl?}? :LE \{f'écon-lrﬂf'g ﬁlQpla

expl ai ned as . r- 2 . .
and more widespread and with competition among the

various network operators. There are different methods
for measuring the transmission quality. Of particular
20 interest are those which téke into consideration the
properties of human hearing and provide for an
automatic quality assessment which essentially
corresponds to the subjective perception of a test
person (compare, e.g. Shihua Wang et al., “An Objective
25 Measure for Predicting Subjective Quality of Speech
Coders”, IEEE Journal on Selected Areas in
Communications, Vol. 10 No. 5, June 1992, pp. 819-829,

or EP Q0 722 164 Al).
All methods for quality assessment are based on
30 a comparison of the undistorted test signal with the
received signal distorted by the transmission. It is
known that a prerequisite for an informative comparison
is that the level of the received signal is correctly

matched to that of the undistorted test signal.



~during. the neasurenment of the transm ssion quality of a nobile radio
system a nobile test set is driven through the area to be tested, with the
ai m of obtaining an analysis of the radio coverage mhl | ess
covers the area. It is a famliar phenonenon that nDbllg(Sq8E8r8ﬁg%nels are
subject to tinme-and frequency-sel ective fading and that, as a consequence,
the transm ssion quality can vary very rapidly and severely. Real -ti nme
measurenents in the field are thua 20 confronted with greatly varying
signal levels (and non-linear disturbances) which are not known in advance.
The known net hods for |evel control are not found to be satisfactory in the
presence of sevEPe01b44i gidl AP sticvdliawes Thisetlsodbecfiuassesweng
di sturb e [y . a t 0 ar bconci ousl y
interprgﬁéd%ﬁéggﬁﬁg%&Q1 ugféggféﬁhégsPOlc? Q5%H§%H%EQ%Ptg é%ce33|ve or,
respectdmel §hei nbasflisci ot @wMﬁﬁanﬁmltﬂﬁd1T@sedetermleedtheesesult 20 of
the quallbyeRSsess A {28491 cblie 1dn 4 bisviBeqobj ect of
t he |nven§¥%n to speC|f§ éﬁ Pt he type nltla.i neﬁtloned whi ch
avobds ‘tllhelﬂSOdlasa‘d%/]émEa]g?e%l‘e‘»’ﬂ@fl ﬁgmen e | s dehe anhoe§§eﬁt| ally does
not haverﬁﬁartﬂéerse&h gduaﬁltueeeef:m tehmfj esithd ﬂitéh%ﬂuﬁhdlitﬁ assessmﬁnt
even in the presence of severe non-linear _distorti Y] utlon to the
obj ect FTREFPARULEY LRESIICAIAtE SE LIS FarRPd: ARSI e 8 he
i nvent i of, hheneecaﬂvedeﬁwwnﬁ,|Sﬂamlytmanﬂmrﬁahom S@W@lseYected time
w ndows I pos f Vi conptrol,, The ndQyys eSpecified in
advance™ %%éségﬁ % ghgthgglﬁhey g%nté?ﬁatheéﬁ ﬁwgt gess Eﬁe spectra
enangy B@tﬂém%d1§tefvﬂhee€uﬁ§|gpedte@Pdﬁe§¢engn9p0rThe si gnal received

di storted is su@hecr{e@hbesa f‘%ﬁ”p@ébﬁ@”r\éﬂatlhthfﬂé HoitaloPad£ eERei N the
sel ected, w ndows. The conparison nethod is the sane one which is al so

subsequ%hg‘l‘?luseErF8F°3§§¥SS| kGokiie t rEFRRRETS on €48  oct obEP 3002 . 3
qual i tme&&mhena@elmn@owzl)s 1dﬁtgear1rp neqlnbﬁevwnheh dfifedmestof r aneni ssi on
quality, or, si nal siml %% has . fToun Ir1tgg§%g%ndge &he rati o of

si gnal ?%%E?E 1e¥ heh & er i €P+?F FoBNREr HSoWr e Se. Klnally, the 5
entire Ehgnatrollems areoexhéasngdaasoﬁpdﬂ@@Sthe wi ndows exam ned) is
anplified in accordance with the ratio found. The core of the invention is
that not all of the received signal energy is used for determning the 10
gain factor required for the level control, but only those signal sections
whi ch have m ninum di stortion. As it were, a first assessnent of the
transm ssion quality is being performed within the level control. This
assessnent, however, is restricted to signal sections 15 (w ndows) having a
hi gh energy density. This nmakes it possible to keep down the influence of
any di sturbances right fromthe start. The disturbances will not be of the
same nmagni tude in all wi ndows. Were they are snmall, the "local" signa
quality provisionally 20 determ ned will be good. Accordingly, the gain
factor determned "locally will be affected only mninmally by non-linear

di sturbances. The wi ndows to be defined for the |level control are specified
by an analysis of the predeterm ned test 25 signal. The test signal is

subj ected to a spectrum



anal ysis in which those signal sections are identified, the energy of which
exceeds a suitably selected threshold. The threshold is preferably sel ected
in such a 30 manner that the wi ndows or signal sectiong W@ﬁﬁﬂe- 2 the
required condition contain at |east 50% of the energy o? e total signal
overall. In the case of test signats2having very locally concentrated

energy, the thre 3 a ' d §p S a : at 35
| east 2/3 to 3/ 4@(&31.1%3? artboﬂéﬁt q%/%ly%?{‘%g tgtfal Héﬁgn&ﬁ@%ﬁlﬁ% s into
€

the sel eeBadifyn@dnd Mobile radig SYsHSBY| & mehble ckepholgt dsvoice

signal (&rfved : SROkaRelY td lIsSt tRgESAN) Wit rel&r abhy ofsed as the
test sig W ndows ar e, 1g t ober_ 2002 - 4 selected in such a
n

nal . .The
manner tﬁgFaﬂﬁéVQd(?rhcﬁn 1 n° §i TAHS | TREFRAIR. WBAFY Bog®al sections
Wit h 5/0i oe . dxddsvi tgvars dfhd napeast ItA s babfemikidwdphenofhenenT ni ng t he

signal 5 _guality, s _th cul.at i f the Bark Spectral Di stance).
However , t@?ﬁer“‘%ﬁ%dﬁ%‘%#’al%%hggg%%si lgle ugggu(e(fetpst%roal Ttl c.a)n.% Usi ng the
sane quakreguessyssedectivehdhding handetbati,nats oa obnslkegugaice . f act or for

the seleghed gi-ghahiS8EbhONGuABity 1H&n 10, SHPSQAUSA (2RAlMS) 2o the total
signal results_in optinmum processing or pre-processjng_ of the | storted)
recei vedSevgrsaly - FlaHert e e agjeoeReRbd odPndles fa#ﬁi@:o%?n&iméns of

L eatjey esg@ﬁfkbgtbﬁvem’tﬁln_ Qiréa?:QyndKiaﬂylﬁgt [1@ (ijgu_aaeq ﬂ!%ﬂfﬁelf@eé qhhed y f
escription and the totality of : the,paten ains. Brie esgription o
the dr awPRBSLIRSERe ATLRTHIERRRER { oWIREH ai My PRE 20RSYRp! 4Py

enbodi nealvahtcgure 1 shows a bl ock di agram of the nethod for assessing the

transm ssi on qua&.b%g;kvmjg%gg\il\g&g |°c%'a- (Eoihoxvegeiii aﬁmi G EPLEgENt at i on of

the sel ection of ) are decrsrve ["evel “control ;
Fi gure 3fenuads to blhek sgitigfantervt hénnetihed Hugsge-geofor AeMgrene | evel

contyieol . s§GnRT RGISUGPEIIFENt AL PAT e Pr o el Wi kbulBantisal
reference synbols in the figures. 35 Approaches for carrying out the
i nvent i okeFRgEFe 1 HMRAYISAMaIATFTy s t hdnbsgaurtdondlown2pgr se, of a

net hod fgubasaessublyt henteapsetedi Gis qualnggherft t pARYE t bdr theends a test
signal whighais KeWLdd aQRNCEo ThECEEAINT 1580 LrlSpectively,
insufficient amplification. This falsifies the result

20 of the quality assessment.

Description of the Invention
It is the object of the invention to specify a
method of the type initially mentioned which avoids the
25 disadvantages existing in the prior art and essentially
does not have any interfering influence on the result
of the qguality assessment even in the presence of
severe non-linear distortion.
The solution to the object is defined by the
30 features of Claim 1. According to the invention, the
received signal is only examined in some selected time
windows for the purpose of 1level control. The said
windows are specified in advance in such a manner that
they contain the highest possible spectral energy
35 density of the (undistorted) test signal. The signal
received distorted is subjected to a comparison with
the signal pattern in the selected windows. The
comparison method is the same one which is also

subsequently used for assessing the transmission



18 Cctober 2002 5 for exanple, a test set which, on the one hand, conprises
thé circuit arrangenent of a comrercially avail able nobile radio tel ephone
and, on the other hand, a circuit for generating and ik i J0e test 5
signal into the nobile radio circuit. The test signal ?%?ﬁ#%Qgexanple, a
voi ce signal which irs repeated several times. This is stored in a menory
and i s dgiltiady.y Nexwvar deee t @ihbdewnoid | detadindnedr cin t whikihs sheul ates a
nobi | e radi,o .user who is speaki to a.,10 _party .at _t.he qther, end of the
e, - THER et dn (RSALHEY, B8 BidRele mihidamids: Bt imess ©1 (' s
a matt efoaindassEssitig & heinhdawsnitds onatial iotfy sigmalobevelsadi® system
the tra 1S S4 j h iLn g 0 r I s i4Q, 15,4 i nks and an
arbitraquﬂﬂ#ég%%¢{$?%p?§o%n%%#ggﬁiB%%snlgé?gnsggci#gﬁéf%ﬁ ?%%st one of
the ? adiemtlimskssignaly. (1 he- oabsor Shet kdgnaleauitsdse the eddese station
to the tegemitld) | $sSURLSEL £ BASEVET QARIVINRA dishorthan.rdis i s because
brief interruptions 20 can occur as a result of which correspondi ng

secti onfonG-he test signal are lost. At the other end of the transm ssion

link 2 there isdthe ¢6gei W BheTHinSsentidnirls thawR! s altelephone
circuit in order. to.decode.the transm ssi on Egrsiﬁlgnal and to qutput it in a

digital TeRCG 0T hB1INBL o FRETIYarks yoFEC t REFREFENNY &% i es out the
synthr ogiedat | Hacsort hatquihedubeequar 3egrdl quriosslsi nguks aylyehr oni zed
with th i nni of : pet.k 1.4,V t 11t ' [ | . 30 For
t he sakgh% s?ﬂ'|(%t%%éﬁgé%§e$§i%hlgggﬁo&gﬂgﬁghd?g§§¥?g%§g€‘?%g si gnal
transm d&i sereNaturiEirst aseesamentunét thealtrepsgdssieongiaedl ity t he reverse
directiqp Sgetik\gt -foraldn S @ flualHd ¥ 1R 1be RigidT nedp f; bot h
directions. 35 Following the receiver 3, an FFT (Fast_Fourier Transform
anal ysi §S5esSNSR or R VeRe AdsuFeghtishedt (b9 af kIRAEN SEAQ%ed to a Bark
cl apsi f i(Gdhidownsh. Haind Sat hisly &herfvedquardites amei<ombkaed itht o groups
18 Cct ober 2282 e 8% bands whjch coriesgondo%o t he eQ§J3£¥it of the
human eRPSSARISES: LGtk I0Yh the BAFRUSHSFOITREY, SEEVEFAHTTAl t hus
processedght mmdmraheeﬁdaruimmhevéﬁSthbhnGGSf@dkﬂmn@@bb@quéht quality 5
assessnggk, 7SQ§(\e.malﬁQ§n9T:Hgge kﬁveélfoﬂgix%ov@s acGAMAg difaf haddvention. An

arbitrary conpari son nget can be used for the quality gssessnent, the
val ues 6B@dilmed Fhet he"kefelmanndtgndbm @ lidst sPERYILSEoald Ysyst em
deved opaetrhdviedd WEED BkOIfsbds Aeteranaglyn ahe gain factor

determined *“locally” will be affected only minimally by

non-linear disturbances.
The windows to be defined for the level control
are specified by an analysis of the predetermined test
25 signal. The test signal is subjected to a spectrum
analysis in which those signal sections are identified,
the energy of which exceeds a suitably selected
threshold.
The threshold is preferablyvy selected in such a
30 manner that the windows or signal sections which meet
the required condition contain at least 50% of the
energy of the total signal overall. In the case of test
signals having very 1locally concentrated energy, the
threshold can be easily placed in such a manner that at
35 least 2/3 to 3/4 (e.g. about 70%) of the total signal
energy falls into the selected windows.
In the field of mobile radio telephony, a voice
signal (e.g. a sentence spoken by a test person) is
preferably used as the test signal. The windows are



10- nenory. The output 8 of the quality assessnent 7 can indicate, for
exanpl e, the dependence on tine of the quality values that have been
determned. Since it is known where the nobile test se a
particular time, conclusions can be drawn, for exanpl e{isgﬁc\’m@%ﬁzbrozgpect to
|l ocal problems of the radio link. "1 The text which follows, the basic
princ p|s?iégtédleiﬂ eéz’ﬁlﬁhCth{a%he@ Al Aty L@o_thatl f@&rﬁzaoicm dhy! now Ibe
expl ai ned., Figure 2a shaws the variation with tine o vVOj ce signa
used as Sr‘elﬁncg‘? gridt ‘?Walolt%’f Yof & eSS fhe W’ﬁ?tbe Rl has a

pr edet eradtiad dyergtdh D idtefest exanple, 3 to 10 seconds. It is
characteristic qf the Lce Sign t n S t distrjbuted
uniformy but i 2‘ cgnclzé:\é?)rlgt e egli‘g‘%lhe 5 ggg?%ﬁ?hgégof t%tgir sl%rh%i syl | abl es.
The Sor émadridysepar dtieel loplsidletden nofr wdies. BEPonBaxkerSpecieral he sil ence
| nter vl SRRl Ul AofletbdN! (4G RBEholS: dhn SQHED BR%esliipe Iength TD
of the voice S|%nal. nafirst step, the voice intervals are then 30

| ocat ed UAi§iGkh dEgRsia@lihe etgnadl- se¥fibas viBe vdamee actquatity rom one

anot her adfsdsdnftint PWRPHA GRe Bh8Nale€8PmDRat 18ASTOF Mkhé Nigaide frequency
domai n and processed by neans of a djscrim nator hav;ég ?,irﬁr e&g erm ned
on-"hoi

t hr eshof@SE@¥ choFs, tBeg. FefegBednobtItft LGRS 2 . The

r esug t @hbtda@eem;bl u%ﬁwﬁijss affsethefs eétlzspac-ﬁrbz&phr tﬁd\ém@g\s Mh W2, \O/I\B,
..., Wr (Fi.qure ich are free of silence interv Next  .the w ndows
are | deRPTP IR BT AgT I o RErepEoosha i cef r hee s Trathy of ¢ he

si gnal ret®i®@edlsdigrad02 exceeds a certain threshold. The energy density is
determ ned in the fagauency JomRidyddRRed i cul %Eb%dg.%\etx% basi s, f the Bark

classification). The w ndows are preferably sorted 1 n accordance with the
magni t ugemMbinatilpnse ek gfedensesy of| fheniinvwpHHan are| foppskiiie to
detes M pRedls YRR AR (ddEn 1TV "By HEDYE SxgceHet Betaati dyhrggshol d val ue
and the gni tude of the sum of the energy of the selected windows with
respect bgg pR&endt QladMs-gy of the test signal. 10 Specifically, according
to a particularly preferred enbodi nent, the threshold is selected in such a

manner t L ] a t A | d represent at |east 60%to-70%
of the P%?gf g%g\r@é‘gg%\(f&sn %%\rlg:lhe%q%%l%?hot erion elimnpates, in particular,
even very 15 shdnt wilelowsrawipgeyerused | fogui texrbainingosdilisl e to use
all i NdQWepMhrV2mbWBtiment W determined in the first step for the |level
control. In the exanple according to Figure 2c, the selected w ndows are
designated by V1, ..., VN1, VN For 20 each of these wi ndows, the
begi nni rggame tlhe stwthsi nat | BRochr , diagpeaat | vél y thehemetthaid oforare stored
in addition to th racteristi ral. v .the test signal. This
concl udes the pre%gggt%g?&gpﬁgg.t%f’?}%%gﬁ oéla'?ig%:lrﬁégdsed in the manner
explained with 25 reference to Figure 3 for the level control according to
thed nvenhi,eBs 3Becbl oo agr ap; afewhnhR 16l O¥ERrdsenBRlicres Jie cont ent
of the block 6 shown in Figure 1. Ee Erocess,ed received signal x(f, t) is
9,

pi cked of f prior £He30 SHAASHEIWALID hgn g wilawsed Wighwi Ad6w extract or
10. Thi s extract sdeld sieet ifois thfe leraleeaintadlsi gnal x(f,t) falling within
the predeterm ned windows V1, ..., VN-1, VN According to the invention,

t he subsequent signal analysis is restricted to the said sections. 35 That
is to sByguzmesd| eshbwe (quabilotkocdliayrgmal ofy &bsesmathodll fiog carri ed out

forreeach sel ect ed, sl : kQN. l, i assessnent 11 operates in the
38 Op8kEBnnEC a1 TR Wl . p

sanme manner as t glo qual ity assessnent 7 (conpared to Figure 1)
follow ng the I evel control 6. Known

In principle, identical parts are provided with

identical reference symbols in the figures.

35 Approaches for carrying out the invention ,
Figure 1 diagrammatically shows the sequence,

known per se, of a method for assessing the
transmission quality. A transmitter 1 sends a test

signal which is known in advance. The transmitter 1 is,



18 Cctober 2002 _ g _ nethods can be used such as, for exanple, the BSD or
the Cepstral nethod. The selective quality assessnment 11 is based on the
val ues of the undistorted test signal, contained in 5{ écfc?cfe‘?r oe menory
12. At the output of the quality assessnment 11, at |east one value is

avai | abl e for each predeterm ned wi fidew V1, ..., VN1, VN This val ue

characterjze Ipﬁ jmlari of ?’gaj}_e seiived S 0 X ) he ori gi nal
test si grréa i%n el%r'esge(_:ttlte%é: 10 w n%@%f, or%(eangne% tl:Lacehrde' was a short
i nt errumomprisesa fhet i ciraniti neipvangegentn of, ajudompeniaklansni ssion,
the simJlaritahi¥ | fob18R b2,k bIhtel BphohBi Salindoyh |ihd hggulisequent
selection circuit 13, the 1% w ndow with the greatest simlarity value is
det er ni Addd.| @ peirerple for) 9oReERNENY hand inieseingakhe dresthi ch exceeds

a predetSgAaiedi ats eshel dobinal saabe egheatied. Menevge (dlgdsast) one

wi ndow wi th %signal section of sufficjent qu‘ﬁlé{'t (.C_g't >egﬁa;%?d%s 20 found,
the gai tSact8F i S*aURICed Fn YATEC c R 't cEféal’i y &5 quate the
previ ousegyairalf attiaesi.s Thiai néd) . staréle snbsaquemtoileveindorirsecti on 14,

t he gain,.fagtgry.is I ed | cQr e W a a kpown 25 per se,
e.g. L :ralﬁ%agigw( E?%’f%’%%k% %\?hgtrtgg" @rog?igi SE,%C#&) s?%?égyrkéf lé?lel\rg;e val ue and
"Esi gN' sisnulladeasecei werbislenaiaddwer ygern whe disvespeakéngnteeova . If only a
singhe \# DAV S MRRIMEARS: Idhd Ry S@lectimn, circuit 13, the received |evel

can then be conpared wth the 30 reference |level 15 for this window If a
number of wi ndohear et&stecttfinahen ithe FEQUFMEELEdi n YERt orth&an be

cal cul ategdndnlls sPenMlidk for wacie i ndi i fldateri BEOWsSRsBInkN@hd O deternine
a nmean val ue. - The gain f?ctor oht ai ned on}the basis of .a 35 single w ndow
(or of é:rlaé’xﬁ'%sﬁ&&%s)qf“? d&¥d PEr 2hd"WAbET 1 i BTN Y effiS e si gnal

x(f,t) (aewlsnfisedionon iYk arcleen dingludeshddtiyenie oor Mbeequaldiioy assessnent
? whi ch,y.agcord] tq the j,nvention, '!ﬁl | so used,f.qr - I |y control 6
18 tot)le:L?&%OOZal?&g %&heréfel,[&h%\?&\é r, & |%s res ri% g‘& E:(g%gee%\é%tded W ndows)
can be peahomisdion £eawHnms kndnlgastsend pf hehe exadiphi dinksl | ows, a

Sui tabl 1 .hOQh\g' | bnbe feserided bid efdaciby e Ofugramtl epa2elhe Bark
spectrum L(1) reflects the non-1inear trapnsforms of frequency and anplitude

of the oBar t@ oddtheFeftt S ehortanfURIFEL: stBf S91L%G e§9Bcy anal ysi s
and speqQlihdlar Mgt ivh Chatipst @6l Ydaide oohpf eingesuspitdopsent s.
ACQ&Sdig%&“%ééﬁ%pégsgn&esult of which corresponding sections
of the test signal are lost.
At the other end of the transmission 1link 2
there is the receiver 3. This, in turn, comprises a
telephone circuit in order to decode the transmission
25 signal and to output it in a digital format for the
subsequent analysis. Furthermore, it carries out the
synchronization so that the subsequent signal
processing is synchronized with the beginning of the
(repetitively transmitted) voice signal.
30 For the sake of simplicity, Figure 1 only shows
one direction of the signal transmission. Naturally,
the same functionality can be given in the reverse
direction so that the transmission quality can be
determined in both directions.
35 Following the receiver 3, an FFT (Fast Fourier
Transform) analysis 4 1is performed. The resultant
spectra are then subjected to a Bark classification 5.

That is to say the frequencies are combined into groups



10 enbodi nent, the quadratic Euclidean distance between two Bark spectral
vectors is deternmined. This value, known as BSD (Bark Spectral Distortion)

can be described by the following forrmulae: 15 BSD = B%)" rkZO%ﬁ wher e
BSDu = Ave CBSDtk~ N Ebark = Ave ~ IL(x Eli) J2 k 3=I TS ~L

(k1~1~ - L (k1~1~ ~2 xr 25 L ~"~~(6)-L ~(i) r designate the Bark spectrum
of the nt. Qi 4 h | .gpalk. or egﬁﬁﬁy of 4h

corr espiééllgi %ggls%égngﬁ%c%f %%[ﬁs%lrg?ﬁ 'E:toedurlécel vedles/%yn%r. O(ftFurgPﬁer 30

det ai | s lwimamee®SD mtdecordanpge wbthdthe Barkpsicedeart of Shi hua Wang et

al . quoted initighdy)re é@‘fé&\veg{é@gli s‘.[ﬁ\% rﬁ:?&ééégé&ﬁ t ot hgaggsessment of
y O s. | It

the transni ssion qualit voi ce signa nst ead, can be used wherever
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exanpl .n&hdBPCeThe output 8 of the quality assessment 7 can
indicate, for example, the dependence on time of the
quality values that have been determined. Since it is
known where the mobile test set has been at a
particular time, conclusions can be drawn, for example,
15 with respect to local problems of the radio link.
In the text which follows, the basic principles
of the level control 6 according to the invention will

now be explained.
Figure 2a shows the variation with time of a

20 voice signal used as test signal in the form of a
suggestion. The voice signal has a predetermined length
™ of, for example, 3 to 10 seconds. It is
characteristic of the voice signal that the energy is
not distributed uniformly but is concentrated at the

25 Dbeginnings of words and syllables. The words are
separated by silence intervals. From experience, the
silence intervals constitute a significant part (e.g.
30% to 50%) of the length TD of the voice signal.

In a first step, the voice intervals are then

30 located which separate the signal sections with voice
activity from one another. For this purpose, the signal
can be transformed into the frequency domain and
processed by means of a discriminator having a
predetermined threshold (which is, e.g., 104B above the

35 quantization noise). The result of this evaluation is a
series of spaced-apart windows W1, W2, W3, .., Wn
(Figure 2b) which are free of silence intervals.

Next, the windows are identified in which, for
example, the spectral energy density of the signal
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time (or, respectively, the duration) are stored in
addition to the characteristic spectral values of the
test signal. This concludes the preparatory phase. The
said data are wused in the manner explained with
25 reference to Figure 3 for the level control according
to the invention.

The block diagram shown in Figure 3 symbolizes
the content of the block 6 shown in Figure 1. The
processed received signal x(f,t) is picked off prior to

30 amplification 9, and supplied to a window extractor 10.
This extracts the sections of the received signal
x(f,t) falling within the predetermined windows V1, ..,
VN-1, VN. According to the invention, the subsequent
signal analysis 1is restricted to the said sections.

35 That is to say, a selective (quasi-“local”) quality
assessment 11 is carried out for each selected signal
section. The quality assessment 11 operates in the same
manner as the “global” quality assessment 7 (compared
to Figure 1) following the 1level control 6. Known
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Z" 10% ( ‘%a(l)uég‘ of which exceeds a predetermined threshold can
also be selected. Whenever (at least) one window with a
signal section of sufficient quality (Qi > Qmin) is
20 found, the gain factor is adapted in this case (if the
quality is inadequate the previous gain factor is

retained) .
In the subsequent level correction 14, the gain

factor is calculated in accordance with a formula known
25 per se, e.g. L = 20*log (Eref/Esig), where "“Eref* is
the stored reference value and “Esig* is the received
signal energy in the given time interval. If only a
single window is analyzed in the selection circuit 13,
the received 1level can then be compared with the
30 reference level 15 for this window. If a number of
windows are selected, then the required gain factor can
be calculated, for example, for each individual window
so as then to determine a mean value.
The gain factor obtained on the basis of a
35 single window (or of a few windows) is used for the
amplification of the entire signal x(f,t)
(amplification 9) according to the invention.
The quality assessment 7 which, according to
the invention, is also used for the 1level control 6
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can be performed in a manner known per se. In the text
which follows, a suitable method will be described
briefly by way of example.

S The Bark spectrum L{i) reflects the non-linear
transforms of frequency and amplitude of the human ear
together with important aspects of the frequency
analysis and spectral integration characteristics in
complex acoustic events. According to the present

10 embodiment, the quadratic Euclidean distance between
two Bark spectral vectors is determined. This value,
known as BSD (Bark Spectral Distortion) can be
described by the following formulae:

Ave [BSD'¥ ]

BSD,

N
Evark = Ave ), (E() 7’

i=1
20
N
BSD™ = ¥ (™) - ¥y P
i=l x Y
where
25 L®),L ‘i’ Q)

designate the Bark spectrum of the kth segment of the
test signal or, respectively, of the corresponding
segment of the transmitted received signal. (Further

30 details of the BSD method can be found in the prior art
of Shihua Wang et al. quoted initially).

The invention is not restricted to the
assessment of the transmission quality of voice
signals. Instead, it can be used wherever a known test

35 signal 1is transmitted wvia a transmission 1link with
pronounced non-linear distortion and then qualitatively
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10% & (the entire signal - and not only the selected windows -
15 is taken into consideration in the quality assessment
7).

Within the 1level control according to the
invention, a provisional adaptation of the levels with
reference to the selected windows can be performed. If

20 permitted by the comparison method, an adaptation of
the levels can be omitted in this context.

In summary, it can be asserted that the
invention eliminates a systematic error in the previous

quality assessment.
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1. Method for performing a quality assessment of a

signal transmission link (2) having non-linear

distortion, in which a predetermined test signal is

transmitted from a transmitter (1) to a receiver (3),

the level of the received signal is first adjusted in

the receiver and then a global quality assessment is

performed by means of a predetermined comparison

method, characterized in that, for the purpose of

adjusting the level,

a) a local quality assessment (11) based on the
predetermined comparison method is performed in a
predetermined number of different, predefined time
windows (V1, ..,VN-1, VN), in that

b) at least one window having adeqguate local
transmission quality is determined, in that

c) the ratio of the signal level of the test signal
to the signal 1level of the recelved signal is
calculated in at least one of. the windows
determined, and in that

d) the level of the total received signal is set on

the basis of the said ratio.

2. Method according to Claim 1, characterized in
that only those windows in which the spectral energy
density of the test signal exceeds a predetermined
threshold are used for the level control.

3. Method according to Claim 2, characterized in
that the threshold is selected in such a manner that
the selected windows together contain at least 50%,
preferably about 70% of the total signal energy of the
test signal.

4. Method according to one of Claims 1 to 3,
characterized in that a voice signal is used as a test
signal and in that the selected windows are free of
silence intervals.

5. Method according to one of Claims 1 to 4,
characterized in that the transmission quality is
determined in accordance with the BSD method.
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level control comprlses

a) a circuit for performing a local quality
assessment in a predetermined number of different,
predefined time windows,

b) a circuit for determining -at least one window
having adequate local transmission quality,

c) a circuit for calculating the ratio of the signal
level of the test signal to the signal level of
the received signal in at least one of the windows
determined,

d) an amplifier (9) which adjusts the 1level of the
total received signal on the basis of the said

ratio.



