;\]e3e_S PI"F6| T7< 18 July 2002 Met hod. for performng a qualrty
assessrrent Technical Field The invention relates to a nethod for
performng a quality assessnment of a signal transm ssion |i nlgslﬁlétlyl?rp&z
hon-linear distortion, in which a predeterm ned test signal is transmtted

froma transmtter to a receiver, the level of the receiv I LS, Tirst
adjusted in the receiver and then z} 10 gl obal quality ass @i«lﬁ mmmlL
performed by nmeans of a predeterm ned conpari son nethod.

obj ective measurenent of the transmission 15 quality of voice*$¢t¢fals is
gaining nore and nore inportance as nobile radio telephony is beconing nore

and nore w despr an Lth coppetition a t he various network
operators. Ther e%g%éh%‘?f&%’fea?rﬁgmbﬂg ?oﬂﬂﬁggﬂr Fﬁ&eﬁ?g% ansni ssi on
quality. O parti cuI ar 20 interest are those which take into consideration

the pr operiéﬁﬁiﬁé pgearing and provide for an automatic quality
assessnent essen |aIIy corresponds to the subjective perception of a

test person (conpafke e. :gnvehthga Warglates| . to An @bj ensttihagl 25 fidasure for
Predi cti ngpgypd,,_elgih?e Qual i t%ﬁaqfl@peecgg%ﬁ snt | EEE Joyr naISlgx;\a&el ected

Areas in Communjcajions, ,Vol. 1992, pp. 819-82 or EP O

722 164 A1‘§ra1}aaftl%%%%dslflak qé?ér"iw aé%‘é's:]n’e‘?ﬁa%re ba'é@atéﬁnso 4n

conpar i sorwieich he pﬁddétem&deaes:tesej @iadinal tis tbeanenetved Fhrohala

di storted tg]_y t he, H:ans Ssi on, S knﬁﬂ/n t-hat f grer uisite.for, an

i nf or mat i Vit FOTPR §’6n ?hftect%veireve §t 1T & VAIE sFgTAL VRS

correct |y sr:egm@bd itso fhastofadjmsmﬁjr snortlee tresteisiggnabnd tlianlaJ y 2002
BP 7 di, SC t [ t r si on

qual i 15 ofd g (S sty TR 08ERafleE! M, BLrFanhRsl Mo, | Hea OF ¥

pr edet er nirkedeee¥rmiregdenerparfren BeibrAoni zed) test sequence is divided 5

up into a nultiplicity of tine intervals, the phonetic properties being

digitized éﬁ{ h time interval and a correspondi ng i ntermnedi ate val ue

PN

formed. W d of a neural network, the transmi ssion quality is
assessed on the baEhe abjtdutivat ameagurkemene | Of i ey nedaatmigalioas as

good, egg; poor 299 or; J apid -1 C o] . the

si gnal “preVvi ous%{/ koﬁ%mv%l(t}ge i S'LJ T%#nli’g@o at %glrrﬁ{ Pl'"g%) | ar gel y
i gnor e t helleporiarcef atShenqbsl@r Fﬁéﬁ@ drﬁlt%i@r@:fem rmcrcamlm MR&Scor r ect
level . Theyp ohlsye Fivgtaldedms WlhoWeompetition among the

various network operators. There are different methods
for measuring the transmission quality. Of particular
20 interest are those which take 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 0 722 164 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.
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18 July 2002 during the neasurenent of the transm ssion quality of a
nobil e radio system a nobile test set is driven through the area t8
tested, with the aimof obtaining an analysis of the radio cé@éFH&@ %hlch
more 5 or less covers the area. It is a famliar phenonmenon that nobile
radi o channel s are subject to tine-and frequency-sel ective fading and that,
as a consequence, the transm ssion qfallty can vary very rapidly and
severely. Real-tinme nmeasurenents inthe field are thus 10 confronted with
greatly varying signal levels (and non-linear disturbances) mhlch are not
known in advance. pfhg %@Q“”biﬁefp!?dcﬁé&i %@ yel ﬁgﬁ‘éé&t' o%rgs%% % d to be
satisfactory in tﬁe presence of 'severe il rstortion.

because sbb@rénﬂ&wmmﬁﬁhEESq@ééthsCﬂiWEUNQQQQMEﬁanﬁmﬂ$SlQMedmmh|ons) are

subconci oyl ythet epRiAled S CONPORENdn PRELS 0§réaet§kﬂmaledan%e%%n lead to
excessive or, respectivel insufficient anplification. This falsifies the

resul t ZOS%ﬁu?ﬁgequm?Q%fg%%%@%ﬁ%ﬂ%ze@%SGﬁﬁﬁ|§ﬁﬂQﬁDQ%el$n9éMH@%¢It is the

obj ecg ofuphenlt@ventm@nti lﬁ@ﬁﬁyfkéfatliﬂfeh%@érwﬁa{'[@s,tYQﬁel phbinaltliy: menti oned
whi ch avoids_th

isa t ages exi he prior art and essentially
does not 35v8e5ﬁ§7elsn 8,—1{1&, J&r’rleelﬁi o ‘f’}h +18§u?'?t‘8FV? &galalty
assessnmentoeveappbndtihg mnﬂammadxﬂteﬁma&@enﬁnrmedearWﬁEﬁotheoa;dThe
solunion g the alheeh | SdS/dNEd hd NeAthlRatuies ohulhatin Tyhocor ding
to the invention € receive i sTonl am ned selected
tinme windessessrdt heotpur bbse dlfaSJeG/eI Oéontﬁfhﬁ ‘Fﬁéaéalt&’ wi @l owd-hegr

specif edihbeagl¥angeel aaiwée asrf%%ar BRI the hi ghest
possibl e spectral Ener i the undlstorte %ﬁi % 5§$

signal received drf sﬁhﬁe ?BH t &R e orpsr i YK hé& gnm
pattern islghalselpmbadGWSa@omslqﬁhﬂmconp@mmp@nenethedgL$ t haTgaiTe one
which is tl e S t ] SSj.an 18 July
2002 _ 3 ReSSmRURaseE, A A e Y SERRbRE el AN S TOE ehs:
transnlssabﬂtqaﬁlpny on §ﬂgha¢e§enmiaata9nh@§ Hden ¢©DhGCtlﬂeWﬁﬁs mnndow
the ratiorgé %k@ﬁ@émbeﬁﬁesek%lbﬁ%@dd%%e@@ﬂT%$é <N a nmanner known per se.
Finally, the entire signal .e. also the S|gnal out si de the w 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

t hose signal sections which have mninumdistortion. As it were, a first
assessnment of the transmission quality is being perforned within the |evel
control. This assessnment, however, is restricted to signal sections



15 (w ndows) having a high energy density. This nakes it possible to keep
down the influence of any disturbances right fromthe start., Th

di sturbances will not be of the sane magnitude in all w ndom;sB.Jlﬁ%aq)oezthey
-are small, the "local" signal quali Lyoprovisionally 20 determned wll be
good. Accordingly, the gain factor determ ned "locally" wll be affected
only minimally by #ipdnebhed Beaebaspent TE withpwst¥ransriasicrned for

the level faMie) gfeasrRPilleed-diinepeigénsi & RbbiNG Mafetgsei pgd test 25
signal. Thge test sggnal I s .subj ected tg}fea s%?ectrum anal ysis in which those
signal se@5HRD aFBIPHERt e Aredhetenbeg ettt C‘ngkcé%& 3w PEabl y

sel ected tapeshelinly dneananesiel bf st etadabl yovelreefecdvhicis ugbra 30
manner _t hat the w ndows Ortéi gnal sec&'tons whi %h et thehre uired
condi t Pon Pont§FF SOVt BBt het Endrfyy? of- AHd 180t JPPERONER Bveral | .
In the casthaf teddilss gnadsichavihagnedsy baeal bybjgertentoat eiimerandy, the

t hreshol d Sl d el sSUc r at 2/3 to 3/4
(e. g. aboél}féh}g{%&gfé%%eefp{:%?gl f??&% |D“e‘ﬁde@£?a| F‘% iantal%m?%%&‘ggﬁé‘éf ed

wi ndows, 'then thrarsmspign nshiald tadicen evagionyery voepéddvgnand(e.g. a

sentence SRAKSLNY, aRbEL tPRES fidhut Rieft®f abh YeHee¢iaa d Nerd ephysi gnal .
The wi ndows are "c‘%g Juj‘]é/l%zooz 4 selected, in such a_mapner_that they do not
|

cont at afiPriyQIH alFredty Yy nSectIRRLwi t8VedEce(aRtivity are
of interesion-Aixednbl diseubbadnices)detwiiehi nartehe sognalkrowaiial iay i s the
cal cul atign, 0of the BSD Bark Spectral Distance). However, other nethods can
al so be e%q‘{%?cf%'ed (CEpstral, etc.). Using the sane quality assessnent

met hod i n the det élmé n&nicom ofnethedgai fiof acteweX ocontercdel areednstgnal
Sections g&, |y t e 1B.Subseauent:apg! yxfﬁ& ts tHe ! Be kb Sb@”aéeégfé' ts in

opti mum processi ng or pre-processing o he (di'storted), recelved signal.
Furt hb? adigihalgedisterbdanrmefhdsants cBRABRNES Sy esie g tikargeshe

i nvention @@dend iimpll dhe svhigequentalet ai i gdedeaptiohspn ageet he
totality of ttl*ergf.ate Clains. Brief description %f t he draw ngéhl n the
drawi ngs FURF 1‘@'&%‘% HHETRREERS e 28 FEPPORMSdi REBAES FPuree shows a
bl ock di agrizmadf tamed mewmodleed ateesskogssieet remsnissspecigiratlyy; 25

Fi gures 2316 .81 | a 1S 3 ERr eseRi at | P $RkeCtd f the

wi ndows wﬁ'lnccsn ar\é&l?ieer(f:g s%g’%trlc%ﬁé eve@chntros&fﬁi%ﬁre 3 s %Q\I\glg bl ock

di agrafh ofofi Haresrurki tioraseepeneRt i ng the | evel control. In principle,
I dentical parts are provided with identical reference synbols in the

figures. Eés%t):&rpq:alcglneso Oéhgaﬂ#é&%gﬁ“ 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 quality 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 level 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



Figure 1 diagrammatically shows the sequence, i known per se, of a nethod
for assessing the transm ssion quality. Atransmtter 1 Sen%éo@");f@tz si gnal
which is known in advance. The transmitter 1 is, 18 July for
.exanple, a test set which, on t he onezhand, conprises the circuit

ar r angenent it &rmerm a avall abl,e ngbl | e radl o tel e oge nd, on the

ot her han@4331t¥rc ?x?«n't é¥%ﬁ Y A5 Fereeringd: i  WLC §§§ﬁal into

\tAﬂe Lmbl |Be§&dtﬁ?aﬁsmﬁ.l$ist1|on'|'_hﬁxdlelﬂi_ly sognedghal Emmlea&mh}eha& \b;’tm si gnal
ichis ted _seygra S. S i.s.,store nd js

i tal Ty EPBRGer dat LBLEnA o FhE FRTICLPE oA RaVEREs F o 1 e

radi o usethahodbtexm&ﬂadnyncaaméﬁnparmmamntﬂeroseerFendLﬁytrthéine. The

t est gn ttad Vi g4t n o] If bat . 4 matter

of aseeaschy ¥ e TBRRL: G5l TR, A0 AR Bt e srie shinddyd

t ransni ssesAmingf) t hied |amuefezsecbotm opgcordapre rudtb 1thei matimd an

arbitraryg ?Hﬁgel’ of I|ne connected transm ssion sections. At |east one of
the radio links (e, g. the one fromthe in each case current _base station

to the test set) ?‘E‘%Lﬂﬁ%%t"f-o they e BVRBRLPRe S dEBREr . 2FAi ©f s because
brief intgpeupblcensedd §1a_:fha3130éﬁeﬁ§ya 1@et‘u§éd of oihel el hesROtHdQ

ti f.th st l, th f. t t
ok DT nEr ) Fade cEeRUAF oY, f97 s i 1ETRL CombEcue BoFolUibne o
circuit |tnhosele51gnadle¢smbauidnm twhaieshmi lsavemn?ﬁlmugndhsamttu@muw}wt it in a
digital feognpL,Lor, “ﬁx%‘{ﬁ% m&i‘@'é’f'éhe':%&ﬂ%ﬁ%%n tqu%ai” s out the

synchronlzatlon S50°tha e subsequent si gnal processing is synchroni zed
with the begiheing operfiermedpevwithisl ytheandeveded rondived si Jilsis 30 For

the sake Qésébﬁiaéhﬁl tmovFéMe 150%as@@p&\§e&n@;odlé€%;pn§éfcﬂlhﬂa§l gnal

transm ssi op. yﬁ)@_\y g functionglity. can in the reverse
dire |on(§bn§ﬂﬁ? Pfﬁh§ﬁ1 $H6n RETIY y Eﬁﬁ ﬂ@ eEn ot h
directi on§os§5b1:é| tOV\/k&gpt ldowre ey einBluemc &3 £ ( kagt dEcslﬂ:uresran'Efeaa"lsf orm

anal ysi s 51‘?%% grfora F%ré %ané}%gg%ggcggeﬁqﬁn gg eot to a Bark

classific uenci es ar e conbi ne 0 groups
18 July 268 -sa@me omamnmuM| cinC(ﬂJrJesp@mﬂQWﬁ-t h&hayssi ttheY y asfe t he hunan

ear, in agxﬁgiﬂancecmth\tﬂf‘céafk ?rﬁal Th%uhquedp&bm@llotd&q rocessed
uire

S next raised {o the leve for ubsequent qualjt
assesdnente 7R LRgdnYids tlﬂ% Be0d- ATEeE 1’692&:0 Che? afn® fackor

determined “locally” will be affected only mlnlmally 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 preferablyv 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 vwvery locally concentrated energy, the
threshold can be easily placed in such a manner that at
35 1least 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



to the invention. An arbitrary conparison nethod can be used for the

qual ity assessnent, the values obtained in the sanme manner Hrgplféﬁﬁztest
signal during system devel opnent havi ng been stored as referg ¢ 4 10

. menory. The output 8 of the quality_agsessment 7 can indicate, for exanple,
t he dependence on tinme of the quality_ values that have been determ ned.
Since it £elrabRA WRersiqihea npannert EhptsdheprAqcpt acortadn: iadl ar ti ne,

concl usi 08$) 6ABebe i AEaMYa1EQ" @mypl 8igha 1V LBCEABRRCt WitH 0GR Y obl ens of

the radio linpk, In the text which follows, the basic principles of the

| evel con®FbLVBtYcBERIPAg inGer®sti-nvention will now be expl ai ned. Figure 2a
SEOW]‘S the }/ari atign y@itabj%ﬁema‘;rﬂ:dzoﬁwi f@e@éﬁﬁﬂhiﬂgedﬂi’é e n|a51i gnﬁl TiDn
the frmo . suggesti on. voi ce sign as redet.er gj ne ngt

of . 1 e Sndi BYET o B seatrilatioh B, cRE BB HEE S si gnal

t hat t he Phetgyce$ .nGiowksér | botthedrunmévholly lu#n | alsonceat regtssdyat t he 25
begi nni n wa yl | Sy Th S seQQE?;ed iJ.ence
interval265§é0n1g§%%$?g%2é, ?%%gé{lenggﬂﬁg qré%ﬁ% constit ut gggégnificant
part (e. @9s883ment500pthodt hin| e h SRS et W ceoki gt . darira first
step, thegyoige | pbET Vahe at&rddedn 3G peal ed it WhSenad atig, t g Si gnal

sections wth voice activity fromone another. For this purpose,, the signal
can Bé trevwkseeneati rkealneler egfieree ddmlint afd P e EREP S mddhs of a

di scri m ngbheimbRvprecaskiedelsrr Prediddiasding dBPhtBB (Bis@oFted)OdB above
the 35 quantization,noiie). The result of this evaluation is a series of
spaced- apefteW RdofLINRL ‘W2, W8, ..., Wi (Figure 2b) which are free of

sil ence interval sFubeker t he aduwenvagapeasi dent einbedimentds ch, famd exanpl e,

t he spect ens t EQ ‘ I ceeds a
certain t%?%gﬁﬁgggx?%egg%é%gﬁalé%§i§£ ?ggqéFégﬁ##éﬁl%%p%hg°%qu§éhcy domai n
( par fLiScul tire ysvhsetiuebss idetafi eide desdr inttisag fardt the) torpdifvnddns are
pref er abl y,s0p4 £dnt Nedggpsdance with the magnitude of 5 the energy density.
In this manner, It is possible to determ ne at the sane tinme how many

w ndows exceed the set threshold value and the magnitude of the sum of the
ener gy ofBiief s@bgeitptibondofsthet Araedpgat to the total energy of the test
signal. 10 Specificall accgording to rtcul ar ed odi nent ,
Thathi eshold 16 L8 ectisy” APRHILASs' DAl | KGH! Mo BLEG oL HIPOLL

t hr e€lfol dexeppbasent embofidment60% to 70% of the total energy. (As a rule,
this criterion elimnates, in particular, even very 15 short w ndows).
However, it is quite easily possible_to use al mﬁgdoms , W2, \AB, ...
det er mi ndLIWEehe fFRQYVSst 8p PLPCKhedt8IERMCoREr oFRe nMEfBoSk af%e
accordi ng to Fi gur eagsesklifgsehectednsmidedmnakmaddsiygnated by Vi, ...,
VN-1, VN. For 20 each of these w ndows, the beginning and the end in tine
(or, respectively, the duration) are stored in addition to the

char 36t erFsgneespeatreal ehpPyesaof dipgraeaticgnieprepentasdomnudes the

-preparatory phase. ghe S@edHAHBA GotiSeEheN tAGIBIANE wRXghal Rgd Wi th 25
reference to Figure_3~, t?e | eyel _control a%%ﬁédlng to the invention.

2 _3~,for
The bl ock di agram sReFASLKEF BErEK§ deNEd 2 content of the block 6
shown in Figure 1. The processed received signal x(f,t) is picked off prior

to 30 a  flcation nd_supplied . nd extractar . .S extracts
L he seot Hal£8!3 ONsHowd (oS BPock %’F‘Sr%%“ t9h %‘e\m htnbg B
preddfer m ned wi ndamerforming, thr Leved. cangaodi.ng to the invention, the
subsequent signal analysis is restricted to the said sections. 35 That is
to say, a selective (quasi-"locgl") quality assessnent 11 is carried out
for each sel ect ed™Bj BRaPCiRAL: ot ANt CRlalNaRt 36 sRERVI9eoMaitRt es in t he
same mannelerSid¢AE r@febahceqigbbl saineshredighredonpared to Figure 1)
following the I evel control 6. Known

Wh

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 July 2002 _ g _ nethods can be used such as, for exanple, the BSD or the
Cepstral nmethod. The selective quality assessnent 11 is basq%rf@ﬁoéd@% val ues
of the undistorted test signal, contained in 5 the reference ry 12. At
.the output of the quality assessment gl_,_ at | east one value is available
for each predeterm ned window V1, ...7 VN1, VN This value characterizes

t he sinil ot y example .r e@ei Lestsi gedd  sifial), t ont hehw | gineal Haxsi, signal in
the respechiblan Blaw: ol boul el &X2ThbEnehBeT6£Va5 BciiiodiRETUPL I on
in a particular wndow, e.g. In VI, durfng the transm ssion, e i mlarity
wi |l thenayaidiabdies mebides whddow tehephensubseguenensethetiakhayrcuit 13,
the 15 wi pday Wi haipeugteaigst é&&é@ih?ya\ﬁ@ U ScEEi$T E{g@e%eé@
principle, .all w ndows the si m?arlt ,val ye of which exteeds a

pr edet®r nSAgRaLh g Bheafohids b’éa‘ié‘P eClEFuifreBiRr teEE 18131 one

wi ndow wi tilg,a gbgnaéxamplepn &f woideéci eiynsaldiic Qis> @EpB¥atey 20 found,
the gain factor .is,_adapted gm this case é(lif t he qualit%viés i nadeguat e the
previ ous §&VA*PAct 5POES 1 eTAtRed}S | AEPREs bR edferfteNeK®| réction 14,
the gain Hagtiaalily cidrowdrded to adoormebdéewirddio f ofpohdtknaMis25 per se,
e.g. L = 20% ref/ £SO+ re mo he stqr reference val ue and
"Esig" isggﬁggrggt%gi v%d%%kg%la‘? mg%g‘ri&y%%gfhe%%vgﬁstgﬁégkﬁﬁgr var. 4t onl y a
si nglld wi paslyi etathley oédhem enide ofeltdw ilomeircuit 13, the received |evel

can then be conpapgd W tbsthe A£Lf ergnee l:fé{ﬁlsxgl@tfear this wigdow If a
A . .

nunber of w ndows are selected, Then the require aln factor can be
cal cul at e§rapsPiggARrp d1nfor -eddh ithdt i JUBRLRPRJBN &§5588simen the det er ni ne

? rrea]p vatuansiﬂhgsgahn_ &aallﬁzty]?bbﬂi E@d xm?iy hesgd o 0]1:syasﬁ;?én,si e W ndeW
or of a few wi ndows) i.s ysed for,t ication of the entise signa
X(f,t] (a‘ﬁﬁ?f‘ﬂ“&ﬁ?i%h Q])lng%c ?ﬁ‘nbnf’gua%g ?’r?\}:ght?rb‘?].°§'h§‘°ﬁﬁalriatc{?'°assessrrent
7 whildh, adéoksdi rpd o ahe iankEitraony | suaber usefl f dinkheonmesitesbntrol 6 -
1s ~u~y zgggsm'gsiog““@% icjﬁ%\’\evﬂ’lggs.\:so %Stéicélﬁg %8&%8' qf W ndows)
can be per ored | noa manner known per se . 1n the teéx rch™7ol'l ows, a
suitabl e kBt@ed Ghel oredeleombdther il | ywanh wipsst euwamsnt dapee Bark
sFe;:LruEﬁ sea);ibﬁflt@&tt%rlliéﬂet_atga- !éé‘@fi[ itsrt aaaiogtet@& OEOEL@{#@%’Y&W arm: i tude
o e hugman ear t.ogether w j nportant aspects, o requency anal ysis
ond' Spect TAReRTT CRREIA Tirar BE A1 18 HACAIR MEHSE IDCEEIPOLa00R o
Accorall ngcan tlewr eseng Ieserittodo frewhichhecopeaispondifgclsiededond st ance
bet ween t yp @ﬁéktgggc%ggh?&egrgr sloig%_detern‘i ned. This val ue. known as BSD
a i on es

(Bark Spectr D stor can be cribed by the follow ng fornulae: 15
BSD = BSD'/ Eeark At the other end of the f€ransmission 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 Ffor 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 is performed. The resultant
spectra are then subjected to a Bark classification 5.
That is to say the frequencies are combined into groups



20 where BSD' = Ave [BSD~k~ ] N "nark = Ave~ IL~X~lill2 k ~ N BSD~k) - ~ IL
fkJli~ - L lkd~i~ ~2 x Y 25 L ~s~~i)~L ~Y~~t) designate the@qj{‘ﬁ,zﬁﬁgctrum
of the kth segnent of the test signal or, respectively, of the

correspondi ng segnent of the transnmtg¢ed received signal. (Further 30
details of the BSD nethqQd can be found in(‘}&lhe prior art of Shihua Wang et
al . quot e@%i NPRRAF | WhicheCPRYEFPPBA &0 ndh& cSERFAtAYItY tAE ddi®ssnent of

the transgumahoRagyalint WcorGinte Withlthe IHfleasbaléd. can be used wherever
a known test 35 signal is transmtted_ via,a transmssion link with
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ol 15 ty 2GF SSRIEP e BahR o PP n P AeH R Peftroing Eiaedial on

qual ity i ot hibee isnterdticmh wiArdcashi fifeery colopahasongmelibobdestart asni ssi on
qual i ty i §useq Lo el G NN, dhes st T ohenshiNedl ot il s 4 ecel ved
signal. Signal sections having a [ow power (such as, for exanpl €, silence
10 i nter vkhe | sanei cearnehalfiran thegetasbassignabutdwiingt wystem i mage

signal s) ak%clBpmeREEN HRHXLONHLIAL tFed N 48 Lerekeneri rgly (g0 avoid
m sunder st andi ngs, I's pointed qut that, naturally, the entire signal -

It
and ndt oRefoEHe ErecPBEPWENFOWRE 1he sapakihy| AeFessmgnter 4t i in the
quality agspessaes!, Mor example, the dependence on time of the

quality wvalues 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 1is
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 1located 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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wi ndow, and 1nt |_evel e total received signal is set on the
basi $%f the sai dSP&FF§1C211MEt hoBCaeESiang £8 Cla&i mPRrtEeaRtler i zed in
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a voilde sthput windows)as Howeysr,siighals aagdite 9n§@th90§§|lbd1ee¢qM ndows

are free @feSidPNCGinkicievals, w2 Mefod, acger dsfetniABA Ofn Otdid™s 1 to 4,
characterized in that the transm ssi on aI ity is determ ned in accordance

with the BsPShefheR. for18heulevedosontrod . 6. " Device for carrying out the
met hod according A Clheméxa:ﬁp]:@r|5¢¢1@r<almgceﬂwerFigurée®,vi mglea recei ved

si gnal trggfg Eggdwgngpgveﬁ s rotgq{ £ adg}(]s?gnal t{,ﬁnim o o%.ohf nk, the

recei ver cong hg™the | evel e received
signadl0, aeach mfal th9saswsrm @ﬂv@rabeﬁm@eagu rendatheheendvdn contr ol

CONpr i SeSt fhed (¥ CUide HRUHIRFIIGF, M Rhed HQaeaLiBUI! | A¥eaSHEHSIENELD N A
predetern1g§9tgggb%%({hglt %&%%%egistlcIgggcg%agovalues of the
test signal. This concludes the preparatory phase. The
said data are used 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(£,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 is 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 level control 6. KXnown
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this window.
In the subsequent selection circuit 13, the
15 window with the greatest similarity wvalue is
determined. In principle, all windows the similarity
value of which exceeds a predetermined threshold can
also be selected. Whenever (at least) one window with a
signal section of sufficient gquality (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 (Bref/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 level control 6
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& ()- oHwhere; | howevers At is  yeapawdohed( &o()selectrd owindoews))-
'Y nP8.0%cdn (De PEFEH e inlQ mathed"REMMB<per se. In the text
which follows, a suitable method will be described
briefly by way of example.

5 The Bark spectrum L(i) reflects the non-linear
transforms of frequency and amplitude of the human ear
together with important aspects of the freguency
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:
15 BSD = BSDu/EBark

BSD, = Ave([BSD'™]

N
Epark = Ave Y, (L¥(1)]*

i=1
20

N

BSD™ = ¥ 1 ™) - L %) P
i=1 X Y
where
25 L®¥@),L (:’ @
x

designate the Bark spectrum of the kth segment of the
test signal ox, 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 1is not —restricted to the
assessment of the transmission quality of voice
signals. Instead, it can be used wherever a known test

35 signal is transmitted via a transmission link with
pronounced non-linear distortion and then qualitatively
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structure in image signals) are not taken into
consideration in the 1level control. (To avoid
misunderstandings, it is pointed out that, naturally,
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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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 gquality assessment (11) based on the
predetermined comparison method is performed in a
predetermined number of different, predefined
windows (V1, ..,VN-1, VN), in that

b) at least one window having adequate 1local
transmission quality determined, in that
c) the ratio of the signal level of the test signal

to the signal level of the received signal is
calculated in at least one window, 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.




10uu 10uu 10uu! " " -Y"10%uué& ()- SEFFG HH wU3P1

11" 10%<& ()-"1 "10%<& ()-"!x "10%<& ()-"1 "10%<& ()-"!, )él 5 () "y
"10%<& ()-"1111T11TdKuV7 11" 109%& () - 1ml0%&: ()- MLO%& () - S#1%h 10W<W<
- 10wRW< 10ww<! * " 1096w<& () - " dKLnLL Nv_vX9uV7 11 10%& ()-1 10%&' ()-11"

100& ()-110"" 109%& ()-1!1"" 109%& (J-1F?" 100& ()- INQ(P) P*P+P8P@QC ! 1"

| P%g&' (()) 610%;&' g Pegitevgar )carmrnm 1cmt: thecmerhod’ amcwd@)lgl(ﬂaeRRl SwbC
oA bmo G O decdVANSEGY LegdfRG ) veseril) ()
"Headi ng %Bqn@al" Hesam #gitLed" gmadu'n wﬁ}r@,smltpmu ng1683]8e" S"-IQ@@d-I ng 93]c"A

" Def aul t Eﬁéﬁ&hﬁgglgﬁntl%ﬁ dS¢RE" N&B‘éﬁ%\e“ b%ﬁugg% SE89:1.6eiHDu
L 9 -, u0~3U7e9>@BDs EI dKNQ_S<=>7 @ABCDEFGHI JKL MNOP Y6Ti,mes _New

RonmanAr i aFeREFPer EREWR JRGthrEnt ek PEnEhe received signal,
" #$YE ()drd - d 05234364892 5e33@RREDEFEh FKEMNCR@RETUMYKYHat the

level control comprises
a) a circuit for performing a local (quality

assessment in a predetermined number of different,
predefined 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 window,

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

ratio.



