; ope3ekh. 6TGN13 June 2002 Process for assessing the transm ssion quality
of a speech transm ssion |ine The invention relates to a process for
assessing the transm ssion quality of a speech transm ssi d8 Jupac0 @%cordlﬁg
to the-preanble of claim1. Providing a good transm ssion quality is the
aimof all network suppliers, as long as there are electric transm ssion
| ines. The question what has to be understood by quality aﬂmwmm to
be detected by the nmeasuring technique is, however, still ”mu’wm
problem A first nethod for 13 June 2002 - 2 testlng a transgggsi on
quality is known fromthe docunent GB-1 455 712. There is a conparison
between an input test signal and the correspondi ng out put sj
di fference signal serves as a value for the rating of a qua mml @m m "
that is not defined in details, Docunent EP-A-0 114 463 des
arrangenent for measuring the connection quality between a tran¥i#%fer and
a receiver. For this purpose, a nultitude of signal tones is continuously
transmtted. The received tones are digitized and transformed by neans of a
Fourier transformation fromthe tinme domain into the frequency domain.
Speci al paraneters of the transforned tones serve for rating the connection
quality. A further nethod for neasuring the quality is known fromthe
docunment DE-A-35 13 361, in particular for radio transm ssion channels
during the on-going transm ssion. For detecting the co-channel
interferences, fast and slow variations are nmeasured separately and from
those a quality indicator is derived. It is common to all nethods nenti oned
above that nore or less arbitrary indications for rating the quantity
caual i ty” are upgleeldessr AdRAINGS LH? trlhrihitigian dulmliypn 1o the
subj ective human perc ron, 1n particular for the, assessnent, whether
human speech can be cIea?fyauﬁﬂ%@%@oﬁﬁa%§mé$?é€%li?ﬂ@ person or not. For
this reason, it is usual nowadays to order trained test persons to critica
reception points for e. g, nobile tel ephone connections. These persons
decide on the basis of a spoken text, e. g. selected sentences in an
arbitrary | anguage, whether the actual reception qualities are satisfactory
or not sufficient and therefore unsatisfactory. 13 June 2002 - 3 It is
evident that the test nethod with test persons is very expensive and tine
consum ng. Furthernore, this method succunbs to subjective variations,
whi ch go back to differences in the different test persons, their actual
condition and their noods.

The invention relates to a process for assessing the trans-
mission quality of a speech transmission line according to

the preamble of claim 1.

Providing a good transmission quality is the aim of all net-
work suppliers, as long as there are electric transmissidn
lines. The question what has to be understood by quality and
how it is to be detected by the measuring technique is,
however, still a considerable problem. A first method for



It is therefore the object of the invention to provide a nethod that mnakes
it possible to automatically gain reproduci ble assessnent results that
correspond nore or less to the' results that the nentioned t&4inepdi02ons
woul d determ ne. This means that a nethod has to be indicated that
automatically allows a quality assessnent imtating the human auditory
sensation. The solution of this object 2s-given in the characterizing part
of claim 1. The dependi ng clainms give enbodi nents of the invention., In the
following the invention is described by nmeans of the exanple shown in the
only figure. The figure shows the block circuit of a transmssion line for
the case of a, speech connection between a wired tel ephone set 11 and a
mobi | e t tephbie a2transyisgien, qpatépkohs. KRRENsEALMoAEEy dOGUIdhe set 11
be: onﬂs eGBgl 45)5a7p21vaﬁereeﬁﬁoakcéap?M'ﬁoh bét&ﬁ@hobhzadlgmt Etlésitﬂhogse )
t el ephone, exchange. 14, This_inhouse tel ephope_exchange, 14 .. onnected wt
Lhe bubl L8 bofishethe: tBF ke TROH I ThEcREeBR tas SERATonaPS g Rt
connect i crignak d&rveseapubdl valuel Ephohbkencatong béi agaspmibditiyz ddiusml-a
public teleph X : bhiLe,t ekephone network 16 cooperates
nom1mﬁth%gsﬁngpﬁzgtg?i%ﬁgn%gﬁégggrEngéea%g%'is synbolized by a stationary
nobi | e node 19 with antenna 20 and by a connection |ine 21. Between the

ant eg_na %@n@_ﬁ@?mhfd; e1k 1glz¢eboa@ﬁégibé§rsni &lrraﬂxéeﬂ\@_ﬁﬁ %@QZtmea%_utﬁJ ni':ll ly
a radlo co | catl on I N , C | ener a spe 1 Ng S Critl ca
e O SRS e e L SGoal i p e Py oRR bk r RS E B e Rones 1s - 12.
For assessaggivdre. tFansthisi purgost) ty mubtasudengfappgnatlusonesbeés

descri be - j En h o t t arm;nals sof the
rransni s {fudib iy EOMMERLECLRT PHE L BodBYeh OpblEs) doe) B1BLET B0 (G,
at | east apgh \tngformed ky hueams ugbra Feusieeahsanpfernpéisantironed

term nal $pRy & j3d ansHedi @Si St OSEnSSFPOSSEREP dOmADNE. NEpEERAANBacapeUl e of
the transm hone_and t he tel ephone éecelver ofggstgégghone at the
u

tting tele
recei vin e@ﬁhfﬁgégﬁ%c FARFIPTREY PRRY i 2T Ve eh2bnE25hA9b RE™
i nfluenceédocof dued ittermi nal units, 1. e. the tel ephones are very snall and
known, it is of course possible that unproblenmatic interfaces are used as
“termnals", e. g. a telephone wall plug at the end of the network and the
radi o coAmfwirddraroma timd 200 arcdwming the eiakbitysisfknpennéasar thg
appar at ugcRein@ k10 3e; anienna; reateeakl sl rokt hadihgserghsaignbil e
tel ephone 12. In the figure, reference nuneral 31 designates 8 bile
measur i n§ 1o chanfels AT R PPN arF ARFBHDDH PR - ahaTi eggﬁéred by
t he batt éiygofthehecduiambal ein tdu Ser@ases | nflasini andlsiswcoaneatednwi th t he
nobile n \J radi nj cat i | 2, { i est ed.
I n addit%%%,ﬁ%%ﬁé?%ﬁ;é}éﬁﬁéﬁégg;éﬁ§;££§hi#é?%%i? %ggiﬁﬁycﬁnggcggﬁ%ected
with t helseldegtioies network 13. The neasuring units 31 and 32 formtogether
t he nentioned measuring apparatus, by means of which the quality of the
transm ssion line via the private network 13, the publjic, network 16 and in
particul &f Pﬁeqqme9(ﬁﬂnﬁﬂﬁ(ﬂéﬁQﬁﬁﬁiWﬁP%&?n%ﬁ'?b?g%p RRFVBPYE Bhn be
tested. le}3 Jumd tAR -iddiddiel giochss fofimgsessi agahbetyr dgamildsiydn
quality is _based on.the fact. that the sequences.SS of h . speech, are used
2a et SEgnaRen -y idhe ik A tarld i e a8 TRl na¢ DRGLBBLEE" KBRT oned
at t he begbreictd,verhamarhpancerstopersorzapetdolar t fier atkessgeass—The use

of @ SNohbntSnLERIRIALARED AV dah e RATLALLY Bihdor 8YGEADLE. avher eby
the parts of ‘the sentence are alternately spoken by a female and a nale
voi ce. THECQiIVANGPasfsSahe B e tendiosHoul Y R %R neth hBousualt Bowe—

seconds, 38ysdto? oYHeNdSra i e SEPONESSs HE EAPE1YaDengrabetoRy
repeatlng8 h% short sentence an arbjtrary nunber of mes. and i mredi ately

, _ ti

transni t PEANES &Tefuertte MARE YR G VRRIGIE tFROREPEIRY: THESFaRGLIFES in
whi ch t hdegadieeree tite pokien, oflcesspuiteratidet, ¢t gs sbkeetode possible to
use any lan uage. ‘Iir;]e rocg)f.girféjrt ernore és waes,&gef)n ﬁge 8@35 cteristics
of neur ol “hetwor RS r’hapr YN ar SR THE t r'ai nabi itfy of “suen net works.
Furt her noeeept iios ltpsdd toire s lH teabd &t g factarmy postpeocesEf hgianthedd, t hat
reduce a t processed in such a way that input and

out put vgﬂﬁgg%ggg égﬁﬁﬁgﬁégét éﬁﬁiare appropriate for the applied neuronal
network. A neuronal network is neant to be an arrangenent that connects a
mul titude of input neurons with a very limted nunber of output neurons via
an (other) multitude of connections and via a covered | ayer of neurons.
This allows after a training phase to recogni ze arbitrary predefined out put
patterns. Reference is made at this point e. g. to S. G ossberg, "Nonlinear
Neur onal Networks: Principles, Mechanisns and Architectures”, Neurona
Networks Nr. 1, 1988, S. 17-61. As nentioned, a preprocessing unit is

e o - o o e



13 June 2002 - 6 neuronal network. The preprocessing unit receives via its
i nput the speech sequences SS to be assessed, which have gone through the
transmission line to be tested. The preprocessing unit conl@dure 2008se
sequences SS into internedi ate val ues ZW which flow into the neuronal
networ k. The neuronal network assesses the respective internedi ate val ues
ZVJ and assigns to those and the correspondi ng speech sequence SS via its
di fferent output activations a nunber of e. g. two or three possible
assessnent val ues WV The possible assessnment val ues can be assigned to the
terms "good" and "bad" or "good", "nmedium' and "bad", which indicate in
each case the transm ssion quallty in a way understandable by man. In
particul aft B ¢ebdenthkhabl tbei hgsproetbedswepd &estppeviseas fier viary

menti onedepE&pE PFESShATE ime AcSHBGRIAYL ZRLEBRePAbLE! Nt R fieRPTd isfeed ahead
of the speech sequence SS to be used, the sy nchronj zati on attern bei ng

easy recdgtiBSiniR %Tbﬂﬁ%t%%%eYQFhﬁtéﬁHSbyw51€Po§§c8PF5I§P|9ﬁ fFfieQ SRt tern
SM servesin otHé Xadbf sépeht t tEBt apeL¥8RE, aBhposShbltaaloboaddlt ibeceinded
sequence §§ and hq; a tinme duration of about 50 to 100 ns. - At the
receiving endffFﬁ% %peech sequence SS has to be available in a digitized
form In a digital transm ssion, digital sanples or anplitude values AP are

avai | abl erd Qét@@%%fﬁdtﬁé ﬁé‘&@ré@' Ehé%ﬁ‘v@ﬁ%&@ﬁ EB F%Bﬂmd'en aan

anal ogue transm ssion t anal ogue recelving signa be sanpled in a
known way'etiiEHRatel tekes b?eﬂ%%%%%%ﬁeﬁos%HﬁPWﬁ§1§Peb§ #81pf TP~ 125 us

corresmmﬂamgalt@ a?smgxﬁen@nﬁe@ﬁrptsttud@tvebweéeoﬂachore &3 Jese 2002 - As
soon as t stanahﬁ? t.inme is detern ne omnngasggegh seguence SS
I

i's d|V|de qlﬁ(f LﬁQﬁ?tgh%fm??Bﬁp?% eF%iEsp%¥so%ﬁe P& nay Fake
pl ace i n Buich reeavesy, tmmbiaaﬂdtho@ehaﬂtEva$51héveathé shat hetgmat-This

neans €. Qa1 ?’iAsllh%vé é§s L vhded irﬁ%gaggg phLEr KahanZ! of 256

sanpl i ng step SO0 possible to ke time 1 ntervals of
unequal |28¥Ht4P rKaS%PS%kﬁﬁmdlng on the type of the actual speech signals in
each case, i. e. depending on a speech pause, a vowel etc. Furthernore, the
i nterval n over | ach her, by e..g. 50%. This neans that with 256
sanplingﬁgi 5§° %%J %%ﬂégl%ﬁt %ﬁSgbge?he%etgﬁnﬁP?ﬁacg?ebglﬁpe equa
wi t h t hogardf dﬂunk&mm ti Mmthe deperad indy . cThimss retueesmbhdipevbabpfity for
very abrypfs t gﬁﬂﬁ{ S between nei ghboring intervals ZI. - For each tine

i nterval %’ ghgggech sequence SS the characteristic frequency spectrum
of the different anplitude values AP of all sanpling steps AS is

det er m negh tHe ffdlel%ﬁfé’ 1S C A i DEb M 0i 586 §ALThéQ wemeghéeemonﬁeng time
Lo the eRBATp e SHOWh T ShE R (ot en Bre b gir§53oa8cshb, RaoFE e
0 e e S S
nornal|Z@drcuﬂhﬂi@neﬁmmnﬁﬂ1sﬁnmﬂ kmﬂerﬁmrm&heedasaluésaoﬁpabbht|ne
i nterval I e S c he
$ Jh SR r;%&ﬂf&& S@P%%eq G eWL haPechobib

correspondi ng va ues o erence een received at
opt i mum thedePhions o2 quiad 19> y Qar%algetﬁ—ﬂf%ﬁwe ByThj %tat:henaévl &elL8énm of the

respecti yacnReaet s'lequ:%]f(ﬁ’l %)e BSSESSEvAt oM bRoBRSY 3¢xnae;tcablle

cond 1ol S S i o TSl A e gt
telephone exchange 14 is connected with the public telephone
network 16 by means of a stationary installed connection
line 15, the public telephone network being symbolized by a
public telephone exchange 17.

The public telephone network 16 cooperates now with a mobile
telephone network 18, what is symbolized by a stationary

mobile node 19 with antenna 20 and by a connection line 21.
Between the antenna 20 and the mobile telephone 12 there is



13 June 2002 g ence values formessentially the nentioned internediate
values ZW i. e. the input values for the neuronal network. An arbitrary
nunber of additional steps can be added to the nentioned plddess26i2eps of

t he preéeprocessing. Such additional steps are: - Filtering by e. g. high
pass filter and selective anplification respectively for relatively rising
the higher frequencies. - Form ng the values of a time interval ZI by neans
of a Hamm ng wi ndow for elimnating extrene boundary val ues. - Nornmali zi ng
the anplitude values in order to take different volune |evels of the

recei ved speech sequence SS into account. The nentioned optional

post processi ng of the output activations and of the assessnent val ues WV of
t he neur ofiaha hky wor kad espeohinunligatdoai $3tiaki @2anwhicér piseiganiearaldfy t hese
val ues ; =10gj.¢, . A Fu rLogiG i I 0 ' in each case
an assi\gfwrggéEp %§%£§E%¥?#yg%£ ﬁgagaéégho%g%ﬁgc?ygg gpgtﬁggbgﬁgégﬁéﬁﬁing
activati chsahity neebuepunt thé twWwe helephahegefweor R2.By this, the nunber of

t he possi ble probability values beconmes greater than the nunber of the
possi bl e assessnent val ues WW Thereby, the_hunman under st andabl e
assessmedfiQr TS HHRY" the gbpgnsmigai paf quebiyy, 2" BgpFHEiant aprRagatus
“unsat i sfactsy Yde S@nilbed apst gnednt ii)stbﬁnﬁéwﬁ_béﬁi Eht guval aeszay][ tol &#@OW
inmportant_to train the assessment logic, . which is, necessar or .t he

dobr s ve LR IF o SF FRE Prandihesion ElaeStRaE0880 Ees thkhce. For

t hi s pur posmsniies jpredeire nimethgpsanh sayguaacerSsti deasseveed bymsui t abl e
persons W ¢ £SPaQind R f4er quﬁhiéymggﬁﬁ%?ﬁsehtHedﬁéﬁ%geﬂgﬁl ltgﬁﬁiﬂtalél |

concei vabl e transm ssion qualities at the receiving. e e ferent
recei ved &feddif g mesC B ands t Resatklignkd hifefiiasoerbSRENESPEME et hen
comonl y dfedHed tteh STRASEH hdI Ot éNéphSde ald Othd2t 8l ephenkeeetrwingrend. By

this th di i ng, unit th K tai ned

T espodt MPHGPRARE [Harting tooheledsSfhe THeBen: CeqténcEerss o thay

qual ity omli treamams iand®.becawssi gne t hef heencesedf assessaentsalgood”,

Tmedi unt o chad - A (el the AUERRLAt ory phASe.hle1 MEASULRBAUNLE L 32 al
g i ng al  wor ki hase, i. e.

t he receiving ‘end is actin the actual W ng pha uring a
second plds €WV Magskl eukzat omprypklenaspecinteri peespatehuasdedsnent

in the sg'rt%mama%'qr &l d.eaegttéi 'm@ﬁet@%m hlun@@nb_aestheeéﬁ_@nﬁfA%ﬂ;e |

ment | one rocess s S can, pbe 1 enented 1 n. co atron.wt t neur ona

networ k. R AT A Re R SN T LoF (A9, 237 2P olPRdr BForBe

accor di ngitrecud ter effertled nerdoodr et appapat es sbe kongingetsohbk eokpoters.

The procggs Qgigqu@] Y P MBS s £ 38 b8 56 £F '&'@ié(pﬁﬁné“%@ e. g. by an
It1ona t

appropriate a oard. Furthernore, e speech sequence SS to be
transmtted can also be stored digitally. Such personal conputers can be

used as nmpasWe T4 ditd,s @irdiendd ansmd£d1 ngn edds agniets asmabilbe receiving

end. By this it is easil ossible to perfo he assesspent, of the

transnis?@@ﬁqﬁhﬁqt%Pﬁ§1%héﬁl%ﬁr%ct?o ,sﬁﬁiﬂéé %ﬁc%%s@VQEWVbbﬁe and

si nul t anésuplowered by the battery of the automobile. This measuring
unit 31 is connected with the mobile node 19 via a radio
communication link 22', which is to be tested. In addition,
there is a stationary measuring unit 32, which is connected
with the telephone network 13. The measuring units 31 and 32
form together the mentioned measuring apparatus, by means of
which the quality of the transmission line via the private
network 13, the public network 16 and in particular the
radio communication link 22, 22’, respectively, can be
tested.



The conputer of the two neasuring units 31, 32 are furthernore capable to
store the determ ned assessnent and out put values AWin an appropriate way.
This nmeans e. g. the 13 June 2002 - 10 storage of the d&idunecgf®2her with
time and place indications allow ng evalutations of any type later on. It
is mainly a practical question how the described neasuring units 31, 32, 33
are built up. Preferably, a conplete -assessnent possibility is provided for
each transm ssion direction, i. e. fromthe nobile nmeasuring unit 31 to the
stationary neasuring unit 32 and vice versa fromthe stationary neasuring
unit 32 to the nobile nmeasuring unit 31. This neans that both neasuring
units 31, 32 are made for transmtting the speech sequences SS and for

recei vi ngThReP5egaERCcESTt PARSHPLNE theofreRsmasid e imsiurityy imikased

Furt her nogg, th@efaéﬁeaﬁaaeeheOEehhenbéansm &% ﬂﬂmﬁﬂaIslpIe)écIH ipd hesawbi | e
measuring_un 1 to _anoth nR ghneasurlng uni.t posm@r As the
Rbove dooRFi BEFbnsiRBALS - ( RBr GPTS ENEoREPHEREbLE prdrad 1 BHTons
for perfocasagstmenﬁeenedbad phecbsginAdagr, dwhglre @umgn ﬁhﬂﬂnqmwnﬂuﬂs
”et“DrkvwgaFPSrﬁoEﬁ% 58589 hg “C?pgeﬁ@X okhétgkb%% %%%% ble 3

val ues e outputed rnste menti oned TV Ore three va ues
Furthernn@éOV@%etQapeoPthéCHéﬁrIatféﬁ@rablﬁhewb§€9@Wst@@n?@éﬁﬁ dfeci si ve

for the V@l'iéaééﬁf'énbé bPeaBYtERRStel aEpéR@ﬁCBysﬁqlf%ﬂ(éQ% FRSY Yfaifor the
assessnment of the transm ssion _quali t he sequences bei ng assessed

by a tra|W%Hc%ssgg%néﬁ¥an@Pc°ﬁnFher§§BE€PCFOSBHHéﬁsP&n@&&%ﬁepya&F“Fhe

recei ving pt&ceo i setbrASANE. 0@ at keashdkD BoAyerl dequeyncas byea trained
t est perso .;ha negn c ord ng Eo sughec hv% huna@e%%gt%%larb. 13 June
2002 - Yhﬁ?&e % esg F%P 3 e§5|ng 8 Fr5ﬁ5n155|on quallty of a
speech trtazmm ssinpet | 0F, theseandt twnedighaly srensmansedt tad aatser-he

transm ttyhenh & da R drBEi $OET £3PORE! BEnECRELY! BHeShERBLAGR!L L whECs Vi Ng
end are assessed with respect to transn155|on qual ity characterlzed in -

that eachth@sIeRieRGE 18 sPPretiet €PATnRatsBakbRte Eés}smt eREIREFan

| anguage,pods Lihl ¢ St bheadedaby dasynadeoni zation pattern (SM, - that at

| east three serial processing steps are provided at the receiving end, -
that in the first processing step the respective synchronization pattern
(SM is rBwgmeeesanfubyhebngre hessbasedt onetbeé thertokkywsitgcsegdence

(SS) is %ﬂé’ﬂé‘f%eﬁwé% 'mt$§r§f8§ﬂgrpaﬂc f8i PPashaBidikhr ot Rkl ity

of correspondi ng i nternedi ate val ues ornmed by several seria
subst eps, n%ﬁﬂ?%ﬁﬁlt?%??%%ﬁ%@??vbtséﬁu@ﬁ%%d(@EDSPétEPIPdéaelnPBdaPPFFst
pluralityprdcdddsEng MetNads, (Zhat 1BdGBeCONBr thgAgentRackhatasecabgecond

I I f.d litud I AP) . _wh b h
D o Bl R LR o G0 589 " Rbl ki HPy BhUBR SRl gy L1 e

t he corr espornhtred aiph § t ade apduesr{ABy 6O6rebbh aprréledt epvabn@z| petand
wherein for each time interval (ZI) the difference between the

correspondi ng class and that class is generated, which is assigned to the
correspondi ng

A neuronal network is meant to be an arrangement that con-
nects a multitude of input neurons with a very limited num-
ber of output neurons via an (other) multitude of connec-
tions and via a covered layer of neurons. This allows after
a training phase to recognize arbitrary predefined output
patterns. Reference is made at this point e. g. to S. Gross-
berg, ''Nonlinear Neuronal Networks: Principles, Mechanisms
and Architectures'", Neuronal Networks Nr. 1, 1988, S. 17-61.

As mentioned, a preprocessing unit is connected ahead and

optionally a postprocessing unit is connected behind the



13 June 2002 - 12 tinme interval (Zl) for a sequence (SS) received at

opti mum transm ssion quality, whereby each difference corresponds to an
intermedi ate value (ZW, and - that in the third process st3efng 2002 ned
neuronal network assignes the entire set of all internediate values (ZW to
t he correspondi ng assessnent value (WN of a plurality of possible
assessnent val ues, whereby the assessrent-val ue (WN corresponds to the
respective transm ssion quality. 2. Process according to claim1,
characterized in that the sequence (SS) has a |l ength of about 2 to 10
seconds. 3. Process according to claim1, characterized in that the
sequence (SS) is_a sentence of an arbitrary |anguage, which is partially
spoken byrelretral apatyarki afhe Byearpeafiféngonedt Zeceiyessyiacddsding to
claiml, ghaiactiesi ggdetR £B3tichBBsSEIUEHCBe (S ckSei¢PRBRiEH RAvArbitrary
nunber of ti rret}and #15 useg i n i mmedi at ,sucgesg op. {';": Progess accordi ng
to clai mICPEhERLERYER| thG ﬁaFﬁﬂfSthnsghEﬁr Ri B4t FBACEAt t EPR PERF has a

| engt h ofpradimes s HdgtwnidO0coBvantsi shése medquanseshsa wayo thaerine-is easily
recogni zafl V. C £ C | atjon 2 - 13 Process
accordi ngé)ltagc%‘é%%f? %‘&ér{a’t@?éetrli g% ‘si %ﬁkﬁa{:h?héggégﬂg%cgggggﬁfsT Pi ded in
a first plenzenal retwork aasesvasstiigl yespeeiuut iehgrhedyatprvadyss

accor di ngyf Gurfd 3 48 dgn&hes ach8s6280a 1 fné NebridspSRAYEGCEpbesh ka—di vided in
a first plurali ;%/ of 7tipe intervals (ZI% of unequal | eng;t)h. 8, Process
accor di ng4B'E &5 Mia chif adt Ef erent i puthat 2fbinebtonal 2nBERBRK PE trai ned
bel‘jore i tes. a;:.:juabous]e ﬁ:hﬂréelcdﬂoﬁ?ﬂ\mée;?ﬁe§§ﬂeueﬂcﬁsllﬁé§)wwf Tll‘ie pesei vidng

end corresponding to all possible different.transm ssion,_gqualities-.and in
Combi nat i°g & (P TR TR %E?Elgﬁarhu%na%%%%%@e%% b2 REERS | /ZR8% osi on
qual i ti eanat e'habeared goddbut Gued bum'Prands'sbad'Corwihght bndiadhelin

charact erdaz8fl ddsd Nale tOEahsMSEs POMr@hdL Ve Si300. wa &R@ErEbengss0ad
plurality 1s 256, in that the third plurality is 18 and in that the

pl uralityYo™3Jbssi bl e assessnment values is between 2 and 5. 10. Process
according to claim1, characterized in that a fourth processing step is

provi ded by a Fuzzy-logic he fourth_.s enl arging the plurality of
possi bl elépslé)easrstnlecn"i/l%ra'l uaetls J;‘W/@t otl%? h%ojlrllgcgv?%rh%lp%%?%\%? ks.tgps fre
provided for the mentioned preprocessing:

— A synchronization pattern SM is positioned ahead of the
speech sequence SS to be used, the synchronization pattern
being easy recognizable at the receiving end by a cross-
correlation. This pattern SM serves to fix a start time as
exact as possible for each received sequence SS and has a
time duration of about 50 to 100 ms.

-~ At the receiving end, the speech sequence SS has to be
available in a digitized form. In a digital transmission,
digital samples or amplitude values AP are available in
standardized time intervals as a matter of fact. In an
analogue transmission the analogue receiving signal has to
be sampled in a known way, which yields in predetermined
sampling steps AS of e. g. 125 us corresponding to
8 kbit/s one amplitude value AP each.



13 June 2002 - 14 11. Device for assessing the transm ssion quality of a
speech transm ssion |line, conprising nmeans for sending test signals at a
transnmitting end and neans for assessing the correspondi ngld 48 2002g
signals with respect to transm ssion quality at the receiving end,
characterized in a. that the neans at the transmtting end are built such
that each test signal is a predetermmed_sequence (SS) of the human
| anguage, which is headed by a synchroni zation pattern (SM) b. that the
means at the receiving end are built such that at |east three serial
processing steps are provided such c. that in the first processing step the
respective synchroni zation pattern (SM is recognized and by this the start
tinme of theAd cddomi ag bkeusbeet {1S%) tisediesedataedindd,t bhe ifoltloeisgcond
processi ng &R bqabnblUs! 18 Yaph a0 e3pondi poutaietyediakgpal ues (21
is formed by several “seri al su's;ep53 ereirn the respective sequence (SS)
is divided imtereats r&l- pfae afivisopninae takerphpse( Zn) sughi @&hwednpri ses
i(gp)eac\fllmcas%laat_ S@Ppnﬁir@é Uiﬁtt.%ix\/apé ﬁév&@r?ﬁ@,?srhéonfehgshﬁalrgag})hbtaragte va:c ues
: ereby in eac ase the approprjate class of ,a thir urality o
cl asses is @&ssdqgn tfoﬁﬁ?les%%‘r‘?%g%oﬁgi Yy ‘g}r‘b}g‘?%déHGSI 589 C‘ﬂgfréffaléach tinme
interval (Z3) ,ofar2bohsamphid@rseacd A$ nelt niey vabwédey, t hksdi pbesebte
bet ween the ¢ S ' nd. t Ss_ | engr at ed i.Ggh is
assi gned 15 RERERr e Ot AnE 1% TPl BeharBr g 2L asbEhfides
recei ved atorpgthienfivne anknilssiantuphl speggchvneiehyleath dbtheresee

corresponds; t Q amd i RISl G & Vahasc Zus@nda eyl bRt ek 8 . t grLhird
processi ng&lst eg a trail.ne neuronal network assj gnes an assesspent val ue
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the resDeC%ﬁM&n&kﬂnsm§§“é¥]éﬁggétéﬁmpling steps are equal with those
of the next time interval 2I. This reduces the probability
for very abrupt transitions between neighboring intervals
Z1.,

— For each time interval ZI of the speech sequence SS the
characteristic frequency spectrum of the different ampli-
tude values AP of all sampling steps AS is determined, the
frequency spectrum being assigned to the corresponding
time interval ZI.

— The respective frequency spectrum is assessed with respect
to the energy in it and is assigned to one of e. g. 18

classes and is normalized.

— Difference values of all normalized values of all time
intervals ZI of the complete speech sequence SS with re-
spect to the corresponding values of a reference sequence
that has been received at optimum transmission quality are
generated. By this, the deviation of the respective speech
sequence SS to be assessed from the best expectable condi-
tions are gained with optimal selectivity. Altogether,

e. g. 5400 difference values are generated. These differ-—



13 June 2002 - 15 12. Device according to claim1l, characterized in that
the neans at the transmtting end are built such that the sequence (SS) has
a length of about 2 to 10 seconds. 13. Device according tol3Juner002,
characterized in that the neans at the transmtting end are built such that
t he sequence (SS) is a sentence of an arbitrary | anguage) which is
partially spoken by a nale and partiallgy by a femal e voice. 14. Device
according to claim11l, characterized in that the nmeans at the transmtting
end are built such that the sequence (SS) is repeated an arbitrary nunber
of tinmes and is used in inmedi ate succession. 15. Device according to claim
11, characterized in that the neans at the transmtting end are built such
that the syands onkaes ofopatessant 5M} lnf thaemertionégnantaawedibéngt h of

about 50 1 Q00 &87@Nd; | Se f Of HB; 45y EUEH] Ge¥Wort PRE hbubSn&§@Shb¥- .
recogni zabl e hy neans of cross~correlation. 16. Device according to claim
11, charact®4%ed in that the means at the receiving end are built such

that the sequence (SS) is divided in a first plurality of time intervals
(zl') of ual_,length. 17.. Device according to claim1l, characterjzed in
that the Meare HitTe Thiam v el arensh 1Pt ot e FRe-Gobtehbt (S9
i s divideentiandd rstoqess astiegs obf tilme preproadssizy) dhchineddatibengt h.
8. Devicegjacgaiding.do claim1l) characterized in that the neuronal network

in the means at the receiving end is built such that it has been trained
before its actual use in such a way that sequences (SS) of the receiving

end corresgandidibind BY le Papsiml ¢ dbdderenttdr adedn 61 6d: el Ahpesrand in
conbination wi,th that the assigped hquy,as esspent of tqgse traPsn155|on
qual i ties &P& TEpRTRAG-1¥piY T relatively rising the higher tre-

quencies.

— Forming the values of a time interval ZI by means of a

Hamming window for eliminating extreme boundary values.

— Normalizing the amplitude values in order to take differ-
ent volume levels of the received speech sequence SS into

account.

The mentioned optional postprocessing of the output activa-
tions and of the assessment values WW of the neuronal net-
work respectively consists in an interpretation of these
values WW by a Fuzzy-Logic. A Fuzzy-Logic is able to deter-
mine in each case an assigned probability value based on the
type of the corresponding activations at the output of the
neuronal network. By this, the number of the possible proba-
bility values becomes greater than the number of the possi-
ble assessment values WW. Thereby, the human understandable
assessments ''very good', "good", 'satisfactory", "suffi-
cient" and "unsatisfactory" can be assigned to the probabil-

ity values.

It is now important to train the assessment logic, which is

necessary for the decisive assessment step, in a preparatory



9. Device according to claim11l, characterized in that the nmeans at the
receiving end are built such that the first plurality is 300, that the
second plurality is 256, that the third plurality is 18 antB dunet2008¢
plurality of possible assessnment values |Is between 2 and 5 . 13 June 2002
- 16 20. Device according to claim1 i, characterized in that a
Fuzzy-Logic for a fourth processing step-4s provided wherein the plurality
of possible assessnment values (WN of the neuronal network is enlarged. Z
1. Conputer program product for carrying out a process for assessing the
transm ssion quality of a speech transmssion |ine, wherein test signals
are transmtted at the transmtting end and the correspondi ng receiving
signal s &®Pash- rEeei Vihg E%EIP@L?%/agb@sgéﬂdﬂf-?ﬁmFé@éeé?eﬁéht EEASEINSSi on
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the followng s erm ne a"s8esng > processi ng
step a f|megttsp|a,n*@|th®/n o¢ormm¢mlexsp:6¢@|hrg theeneediaing. urit 31 andl/ges (ZW

is forned by Saut ate SV fhg S&b@te@f , e ET €hd &Bﬁré§§eﬁa&h§emésgu%@ﬁa (S9)
is divided into a first plurality of time intervals rises

whi ch
in each &ddd bR %ﬁ%ﬁ%ﬁ?%y“%?W%W%c?%$EalEﬁ@oh6lbElEﬁﬁpﬁﬁﬁFWP&He val ues
(AP), whdrelyedrhing to assess the speech sequences SS of any quality

on its own, i. e. to assign the mentioned assessments

"good", '"medium' or "bad'.

After the preparatory phase the measuring unit 31, 32 at the
receiving end is acting during the actual working phase,
i. e. during a second phase of arbitrary duration, with re-
spect to the speech assessment in the same way as or at

least similar to a human test person.

All mentioned process steps can be implemented in combina-
tion with the neuronal network on a computer. The two meas-
uring units 31, 32 are therefore according to a preferred
embodiment computers, e. g. personal computers. The process-
ing and memory power can be selectively enhanced e. g. by an
appropriate additional board. Furthermore, the speech se-
quence SS to be transmitted can also be stored digitally.
Such personal computers can be used as measuring units at
the transmitting end as well as at the receiving end. By
this it is easily possible to perform the assessment of the
transmission quality in both directions, either successively

or simultaneously.

The computer of the two measuring units 31, 32 are fur-
thermore capable to store the determined assessment and out-

put values AW in an appropriate way. This means e. g. the



each case the appropriate class of a third plurality of classes is assigned
to the correspondi ng anplitude values (AP) of each tine interval (Zl), and
wherein for each time interval (ZlI) the difference betweenl3 #ighe 2002
correspondi ng class and that class is generated, which is assigned to the
corresponding time interval (ZlI) for a sequence (SS) received at optinmum
transm ssion quality, whereby each dif flerence corresponds to an
internediate value (ZW, and e. that in the third processing step a trained

neuronal network assignes the entire set of all internediate values (ZW to
t he correspondi ng assessnent value (WN of a plurality of possible
assessnent val ues, whereby the assessnent val ue ( corresponds to the

respecti veteragenPistba da&kri tpgetheromaibert ifyeo Parasdu cith By idiThy t o

claim2l, aghewdngeevaedthribhat otfh%nge(i Caate®) dmas a length of about 2
to 10 seconds. 13 June 2002 - 17 3. nput er program product accordi ng

to claim 21, characterized in that the sequence (SS) is a sentence of an
arbitraryltabguagénlyhacprastpeali gukytipok@owditha delserdnddPatddasaldy by a
femal e vojce. 24 uter ogra rroduct accoarding.to claim21
characterfégdu?ﬁt?ﬁg?Pt%g’sgaugﬁggbgégg Fg‘rgﬁggﬁgégéﬁ’afbf¥w§?fﬁﬁhnber of
times anca$sesseentnpoarblidibysdscesovéded28orCemplt éramsoyrsmnqmr oduct
accordi ngyf pe&t 8bA 24, éhaEQBEeEhéeﬂob@l%hﬁka%ﬁ%i%ﬁn%%&QnBaa%! Rattern
(SM of the test signal has a Iengt of about 50 to 100 nms and is fornmed in
such a wa§tatheRary Peagusing KeddgArzabre VBFen¥8Rsof TOModdec Gitidet at i on.
26. Conput EsnPr paneasrodygctinaecgprdiBgthe fmbdhile?heaghariaet &nizedi.n t hat

cqual I'enihe AR toot cPSbholpdnhitubr thecardi g eocemat a0t - o)
charact erfzansmhtthag the spgechcee@S8hces @Sviddd fiom aefiedisting dha ity of
ti”ei'“‘%éﬁﬁéhéé%)tfgngﬂfgﬁéﬁ E£BAt Bhe other measuring unit. Fur-
thermore, the assessement of the transmission quality from
the mobile measuring unit 31 to another mobile measuring

unit is possible.

As the above description shows, there is a considerable
plurality of variations for performing the described pro-
cess. Accordingly e. g. the neuronal network can be
constructed in such a way, that five possible assessment
values WW are outputed instead of the mentioned two ore
three values. Furthermore, the way of the activations at the
outputs can vary. Decisive for the variations is in any
case, that speech sequences SS serve for the assessment of
the transmission quality, the speech sequences being
assessed by a trained assessment logic with respect to
understandability at the receiving place in the same or at
least in a similar way as by a trained test person, that

means according to subjective human criteria.



?8. Conputer program product according to claim21l) characterized in that

t he neuronal network is trained before its actual use in such a way that
sequences (SS) of the receiving end corresponding to all pd3dumg 20Q% fferent
transm'ssion qualities and in conbination with that the assigned human
assessnent of these transmi ssion qualities are repeatedly inputed. ?9.
Conput er program product accordi ng te cliai-m 21, characterized in that the
first plurality is 300, in that the second plurality is 256, in that the
third plurality is 18 and in that the plurality of possible assessnent
values is between 2 and 5. t0. Conputer program product according to claim
21) characterized in that a fourth processing step is provided by a
Fuzzy-Logic, the fourth processing step enlarging the plurality of possible
assessnment values (WN of the neurciddIMEtwork. . A9N. A" . As. A" . A As
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— that at least three serial processing steps are
provided at the receiving end,

— that in the first processing step the respective syn-
chronization pattern (SM) is recognized and by this
the start time of the following sequence (S8S) is
determined,

— that in the second processing step a first plurality
of corresponding intermediate values (ZW) is formed by
several serial substeps, wherein the respective se-
quence (SS) is divided into a first plurality of time
intervals (21), which comprises in each case a second
plurality of discrete, chronological amplitude values
(AP), whereby in each case the appropriate class of a
third plurality of classes is assigned to the corre-
sponding amplitude values (AP) of each time interval
(zI), and wherein for each time interval (ZI) the dif-
ference between the corresponding class and that class
is generated, which is assigned to the corresponding
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time interval (ZI) for a sequence (SS) received at
optimum transmission quality, whereby each difference
corresponds to an intermediate value (2ZW), and

— that in the third process step a trained neuronal net-
work assignes the entire set of all intermediate val-
ues (ZW) to the corresponding assessment value (WW) of
a plurality of possible assessment values, whereby the
assessment value (WW) corresponds to the respective

transmission quality.

2. Process according to claim 1, characterized in that the
sequence (SS) has a length of about 2 to 10 seconds.

3. Process according to claim 1, characterized in that the
sequence (SS) is a sentence of an arbitrary language,
which is partially spoken by a male and partially by a

female voice.

4. Process according to claim 1, characterized in that the
sequence (SS) is repeated an arbitrary number of times

and is used in immediate succession.

5. Process according to claim 1, characterized in that the
synchronization pattern (SM) has a length of about 50 to
100 ms and is formed in such a way, that it is easily

recognizable by means of cross-correlation.
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6. Process according to claim 1, characterized in that the
sequence (SS) is divided in a first plurality of time in-

tervals (ZI) of equal length.

7. Process according to claim 1, characterized in that the
sequence (SS) is divided in a first plurality of time

intervals (Z2I) of unequal length.

8. Process according to claim 1, characterized in that the
neuronal network is trained before its actual use in
such a way that sequences (SS) of the receiving end cor-
responding to all possible different transmission quali-
ties and in combination with that the assigned human
assessment of these transmission qualities are repeat-

edly inputed.

9. Process according to claim 1, characterized in that the
first plurality is 300, in that the second plurality is
256, in that the third plurality is 18 and in that the
plurality of possible assessment values is between 2 and
5.

10. Process according to claim 1, characterized in that a
fourth processing step is provided by a Fuzzy-Logic, the
fourth step enlarging the plurality of possible assess-—
ment values (WW) of the neuronal network.
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11. Device for assessing the transmission quality of a speech transmission line, comprising
means for sending test signals at a transmitting end and means for assessing the
corresponding receiving signals with respect to transmission quality at the receiving

end, characterized in

a. that the means at the transmitting end are built such that each test signal is a
predetermined sequence (SS) of the human language, which is headed by a

synchronization pattern (SM),

b. that the means at the receiving end are built such that at least three serial

processing steps are provided such

c. that in the first processing step the respective synchronization pattern (SM) is

recognized and by this the start time of the following sequence (SS) is determined,

d. that in the second processing step a first plurality of corresponding intermediate
values (ZW) is formed by several serial substeps, wherein the respective sequence
(SS) is divided into a first plurality of time intervals (Zl), which comprises in each
case a second plurality of discrete, chronological amplitude values (AP), whereby in
each case the appropriate class of a third plurality of classes is assigned to the
corresponding amplitude values (AP) of each time interval (ZI), and wherein for each
time interval (Zl) the difference between the corresponding class and that class is
generated, which is assigned to the corresponding time interval (ZI) for a sequence
(SS) received at optimum transmission quality, whereby each difference

corresponds to an intermediate value (ZW), and

e. that in the third processing step a trained neuronal network assignes an
assessment value (WW) of a plurality of possible assessment values to the entire
set of all intermediate values (ZW), whereby the assessment value (WW)

corresponds to the respective transmission quality.
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13. Device according to claim 11, characterized in that the means at the transmitting end
are built such that the sequence (SS) is a sentence of an arbitrary language, which is

partially spoken by a male and partially by a female voice.

14. Device according to claim 11, characterized in that the means at the transmitting end
are built such that the sequence (SS) is repeated an arbitrary number of times and is
used in immediate succession.

15. Device according to claim 11, characterized in that the means at the transmitting end
are built such that the synchronization pattern (SM) of the test signal has a length of
about 50 to 100 ms and is formed in such a way, that it is easily recognizable by means

of cross-correlation.

16. -Deviceraccording to claim 11, characterized in that the means at the receiving end are
built such that the sequence (SS) is divided in a first plurality of time intervals (ZI) of

equal length.

|7. Device according to claim 11, characterized in that the means at the receiving end are
built such that the sequence (SS) is divided in a first plurality of time intervals (ZI) of
unequal length.

8. Device according to claim 11, characterized in that the neuronal network in the means
at the receiving end is built such that it has been trained before its actual use in such a
way that sequences (SS) of the receiving end corresponding to all possible different
transmission qualities and in combination with that the assigned human assessment of

these transmission qualities are repeatedly inputed.

9. Device according to claim 11, characterized in that the means at the receiving end are
built such that the first plurality is 300, that the second plurality is 256, that the third
plurality is 18 and that the plurality of possible assessment values is between 2and 5.
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neuronal network is enlarged.

21. Computer program product for carrying out a process for assessing the transmission
quality of a speech transmission line, wherein test signals are transmitted at the
transmitting end and the corresponding receiving signals at the receiving end are

assessed with respect to transmission quality, characterized in

a. that each test signal is a predetermined sequence (SS) of the human language,

which is headed by a synchronization pattern (SM),
b. that at least three serial processing steps are provided at the receiving end,

c. that in the first processing step the respective synchronization pattern (SM) is

recognized and by this the start time of the following sequence (SS) is determined,

d. that in the second processing step a first plurality of corresponding intermediate
. -.-values (ZW) is formed by several serial substeps, wherein the respective sequence
(8S) is divided into a first plurality of time intervals (ZI), which comprises in each
case a second plurality of discrete, chronological amplitude values (AP), whereby in
each case the appropriate class of a third plurality of classes is assigned to the
corresponding amplitude values (AP) of each time interval (Zl), and wherein for each
time interval (ZI) the difference between the corresponding class and that class is
generated, which is assigned to the corresponding time interval (Zl) for a sequence
(SS) received at optimum transmission quality, whereby each difference

corresponds to an intermediate value (ZW), and

e. thatin the third processing step a trained neuronal network assignes the entire set
of all intermediate values (ZW) to the corresponding assessment value (WW) of a
plurality of possible assessment values, whereby the assessment value (WW)

corresponds to the respective transmission quality.

2. Computer program product according to claim 21, characterized in that the sequence
(SS) has a length of about 2 to 10 seconds.
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" #$9&' () *24. -Conoppe 4B egraa: product according to claim 21, characterized in that the sequence

<= >7@BCDEFG1§§}%M@3§IM&HJ% ber GHRRELS" %‘Eé USESTh immediate succession.

25. Computer program product according to claim 21, characterized in that the
synchronization pattern (SM) of the test signal has a length of about 50 to 100 ms and

is formed in such a way, that it is easily recognizable by means of cross-correlation.

26. Computer program product according to claim 21, characterized in that the sequence

(8S) is divided in a first plurality of time intervals (Zl) of equal length.

27. Computer program product according to claim 21, characterized in that the sequence

(8S) is divided in a first plurality of time intervals (ZI) of unequal length.

28. Computer program product according to claim 21, characterized in that the neuronal
network is trained before its actual use in such a way that sequences (SS) of the
receiving end corresponding to all possible different transmission qualities and in
combination with that the assigned human assessment of these transmission qualities

are repeatedly inputed.

9. Computer program product according to claim 21, characterized in that the first
plurality is 300, in that the second plurality is 256, in that the third plurality is 18 and in
that the plurality of possible assessment values is between 2 and 5.

}0. Computer program product according to claim 21, characterized in that a fourth
processing step is provided by a Fuzzy-Logic, the fourth processing step enlarging the

plurality of possible assessment values (WW) of the neuronal network.



