; pge3e k™ h.6T"GN13 June 2002 Process for assessing the transm ssion
‘qual ity of a speech transmi ssion line The invention relates to a process
for assessing the transm ssion quality of a speech transnildduam204ze
according 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 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
consi derable problem A first nethod for 13 June 2002 - 2 testing a
transm ssion quality is knowm fromthe docunment GB-1 455 ﬂm@,"ﬂmmm"mm a
conpari son between an input test signal and the correspon

signal. The difference signal servesl as a value for the ratingieeksa
gquantity "quality" that is not defined in details. Document EP-A-0 114 463
descri bes an arrangenent for neasuring the connection qualuM "

transmtter and a receiver. For this purpose, a nultitude mw, @WHMEGS
is continuously transmtted. The received tones are digitized o
transforned by neans of a Fourier transformation fromthe time donain into
t he frequency domai n. Special paraneters of the transfornmed tones serve for
rating the connection quality. A further nethod for neasuring the quality
is knowmn fromthe docunment DE-A-35 13 361, in particular for radio
transm ssi on channel s during the on-going transm ssion. For detecting the
co-channel interferences, fast and slow variations are neasured separately
and fromthose a quality indicator is derived. It is common to all nethods
menti oned above that nore or less arbitrary indications for rating the
quantity "quality" are used._ These ingdi ' ‘] hect relation to
the subjective ?F%éﬁ:%ﬁ??%%?g}%gpg#§?%t?§§m?%§1?ﬁeagg§ég ment, whet her
human speech can be cl eefl p spdech deanspissiaeiMingy person or not. For
this reason, it is usual nowadays to order trained test persons to critica
reception points Tor €. g. nobile telephone 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. 93 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 nmoods. It is therefore the object of the invention to
provi de a nethod that nmakes it possible to automatically gain reproducible
assessniife rastdsidhate COFEESPONE pPoEe8E FOFSaksebbBényeshlet £rivhat- t he

menti oned test persons woul d determ ne. i reans .t ha . as to be
i ndi cat &4-FHA" gC{Haof?a ¥ c%#jl‘?/ 2P OTR gr%ﬁ%ﬁ@?gggsg%}sl%e%fﬁpn@?g i rif% t he
human autd @neawsatoHnclaim 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



The solution of this object is given in the characterizing part of claim1.
The dependi ng cl ai ns gi ve enbodi nents of the invention. In the follow ng
the invention is described by neans of the exanpl e shown 13 Juhe 2002y
figure. The figure shows the block circuit of a transm ssion line for the
case of a speech connection between a wired tel ephone set 11 and a nobile
tel ephone 12, e. g. a car tel ephone. -The-stationary tel ephone set 11
belongs e. g. to a private network 13, which is synbolized by an inhouse

t el ephone exchange 14. This inhouse tel ephone exchange 14 is connected with
the public tel ephone network 16 by neans of a stationary installed
connection line 15, the public tel ephone network being synbolized by a
public t dlegtioge aexorarael SFiomMhaguplbty cis chrpiionEr ot Woekdeecumeoer at es

now wi t heg_RDRIslse 18] epnne. ned wr&&&rm 15&@&5@%2@%9}5 fegtationary
nobil e node 19 with antenna 20 and by a connection |line 21. Between the

antenna 3698Ad A€ 1A 1IOTRGHPRHNG CutR e $kanal 3 Theeddfberenge finpally
a [ﬁdi 0 %ng’ﬂalli %thﬂv@[&; ldgka 22q1um1ﬁ?dkl | tsh &) &eE Bhdy yﬁp@tad;uatgtlme%“qnaunﬁal -
Wi respect, ransnj ssi on. qua ween the two tel ephones : :
For asse Vng%gﬁ%'ﬁfh gﬁé%? %F€%£¥%3uring apparatus to be
described later on is connected in such a way to the two termnals of the
transm s e t 4t h as or
a1 oast Dooimentl Rl ALd [ LS A Al 39 MLyl P BNy
tern1naIsnargh&rPQﬁ@@@h&?ﬂﬂQﬂﬁikﬁy|hﬁﬁwQﬂQe%cﬁ#@ﬁﬁ@ﬁ%?%@h@ﬂ@ gapsul e of
the tranﬁ@bb&vag t elephone gud-gdwe teal Q«Rﬂthecd&CQiﬁleé dgﬂ'flali tehephege at the
rece|V|na eg resg %lvegy For pr?FtlcaI gns and bec apse t he

i nf | uencEQNbENPRESTYE I Gr‘r’ei‘f etpi?ﬂﬁ%sa%?e y2tH1gRaI 1 and
knomn |andstohnsﬁutmedpm@smmamdiﬁﬂ annmuﬂﬂemnﬂnansﬁﬁfméar@s fremused as

"termn g | @ n I _and the
radi o cggﬁﬁang |88%F&§k1§§% gﬁ&?f&e%L%9¥ﬁé CITEul t éﬁ%?éyﬁ%qﬁéﬁgﬁéing

appar at usebel ofigthg ttefaméofxmee!nrt@m sedorgt ifl mEtting noke oPnreapbi | e

tel ephongidR. ghB14 k¢ .figure, reference numeral 31 designates a mobile
nmeasuri ng un|t that 'is e. g. installed in an autonobile and is powered by
the battery of the autonobile. This measuring unit 31 is connected with the
nobi | e NodeuitPheramathadi docomaaRiuedinigothd fuadd' ty Wi ddndown t Brdae tlest ed.

I n addit regci st at i,onar A [ nect ed
with th dgg?e%)ﬁgngEnét?\B h%lé%q )i g@%ﬁ'ﬁr |C%qa%|%°§3%fm t211'2‘&’?o'{r?]c'n?t oget her
the nment$pedcheasealsnguappar &msonbgomamér@fnamsmqrhe Rpmaldesesf the

transm 5@1&@ th@ec&Léhhhﬁe@r Ilmteg«f@%w& 1?f,astth%1m1t§1c¢w neMpskiddsand in
particular the rad |8 communi cation | ink 2' ectivel can be
0

test ed. 2T49FRUTroGosepPasatedy 6P§c£§§’“‘f ;h°§§"s€s§ Iite HERERFLSI on
quality is dasededn the fact that the sequences SS of hunan speech are used
as test signals. In this the process coincides with the processes nentioned
at the beginning, where human test persons performthe assessnent. The use
of a shokt bencensenhte béénmptbeds menbdopsd iabgvar Ibhataverzdl@r wher eby
the partrodl 111 BELGNERAZEE LAbRE! %&e&&t%gk%em@‘mteﬂw e'@milptwl e

voi ce. The duration of the _sentence should bet ween about 2" to 10
seconds,2%e Wsed. sEheffsinddrgbionsqa&hcds a!pedéarﬁqty e e L pythe

repeat i ghs fcSwet heRBhepeecaptabhl,t Har bafirlttm@@lflafif ftdri”f'&ﬂuéirﬁlbsé@@dl ately

transmtte |n a sequence and rec |ved nguage, in
whi ch. t RERen e EnFE EBBREnSPSSE ere)ar 4 |“§\A4ad¥edf %ﬂn&gs. ble to
use anyﬂenqﬁnﬁng ﬂhﬁsphooesaotuerermnﬁe reasased idn itsheisolek acbwa+ sti cs
of neur g{1¢ e t| r ai ity et wor ks.
FurthernD r#é %éreér%n %g pQQsBH% 5 C%ﬁ%ré%gsgg%ﬁﬁﬂ%?ﬂgds t hat
reduce mr&mn@@rtee dat aob@lbetplleobssedcmnmhoala/vaﬁ‘h&ﬂﬁ pempeenand
output valdiek, A5¢ cROCHALE bhah 3pBKBRPEEALake o ddieappied neuronal
network. A neuronal nefwork I's meaht to be an arrangement that connects a
mul tit udendiengiRit inedn oAsbIErBTY epgubrgRi t ddedthelehsr asthiypk neurons via
an (ot hgrdcdpl {dh Ugea P+ £88NSEE! QA% 18REC¥b? ya cFOWRIES UrBARI1 &{t NAH ons.

This allows after a training phase to recognize arbitrary predeflned out put
pat t er ndhe¥F e censat i8GaCEPTYhi s point e. g. to S. Grossberg, "Nonlinear
Neur onal Networks: Principles, Mechanisns and Architectures”, Neurona
Networks Nr. 1, 1988, S. 17-61. As nentioned, a preprocessing unit is
connected ahead and optionally a postprocessing unit is connected behind

t he 13 June 2002



- 6 neuronal network. The preprocessing unit receives via its input the
'speech sequences SS to be assessed, which have gone through the
transmission line to be tested. The preprocessing unit conldeduns 20R8se
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
ZW and assigns to those and the corresponrdi ng speech sequence SS via its
di fferent output activations a nunber of e. g. two or three possible
assessnment val ues WW 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 uallt in a wa understandable by man. In
parti cul &, i& 9vddant Heall ftﬁmi?@s'brm%%% stipl hestppevrass fisr vesy

ment i One@}dye@l%&@@%ﬁ“l@(étlme ReSYS\eh 91 Z@b i+ ORe PRbE &1 Nt Bk hckBsldt istiked ahead
of the spe %Fq%%ﬂge S to be used the s chron zatlg gattern bei ng
easy recl dﬂ@f I Y AR TR ERS bhyW iy % o9RcBrFEI 5Pi BALTTRRRESSSt tern
SNIserveantmhh:ﬂnfﬁﬁnﬁﬁttueﬁxepEEﬁﬁmﬁ ash@bssabtealocordihibeacanded
sequence R g_nq,t s a time duration of about 50 to 100 nms. - At the
receiving en e speech sequence SS has to be available in a digitized
form In a digital transm ssion, digital sanples or anplitude values AP are

avai | abl gl BsS LRIV AL B dBETYE! thaSi v aret L 65 9& 861 iaknaan
anal ogue transm ssion the anal ogue receiving signal has to be sanpled in a

known wafetRRfckhgite makes, 1% aptEitiside s%&f?%t;l%%lp% %Slﬁf TEPTH- 125 ps
cor r espoddictip 10 a8 siekisimen tone Al 4 ttudset Vcahtt&esbngxe@qhore 48 Jupe BB02 - As

soon as the starting s, det t he owi ng_speech, sequence SS
SO0% o okRE, BERLLER0 il e MatBASH Al S e S Mo RDRSS L BRRURACY

pl ace inTbmshmaawaythBhaa mbrhudnhasnuywhﬂsnﬂﬁm&at@@ slaak aehgmht Thi s
Teans e ;a4 abt BooSAUERSA (55 J.S aialed fiplen G0y | pherahsnZl of 256

sanpl i ng steE o) p055| e to hake tine intervals of
unequal PBHY ﬁrYesegsa&éﬁ@ndlng on the type of the actual speech signals in

each case, i. e. dependlng on a speech pause a vowel etc. Furthernore, the
i nterval overl ap,each ot.her,_ hy e 50%...Thi s nmean that with 256
sanplingég?e ggﬂg Serog i ﬁﬁﬁt heséjgéﬁ%?fﬁ%cg?eps 4Ffe equal
wi t h t hogarbfofheladmt 1t.i Fbei dte@tanaillny cl‘mnss regidiee esmbddipeobabefity for
very abrypt §{Ha85kibANS between nei ghboring intervals ZI. - For each tine

interval ZI of the speech sequence SS the characteristic frequency spectrum
of the different anplitude values AP of all sanpling steps AS is

det er m nedl, tm@eft)maueﬂgy tﬁ@eqhwmta@mgsa&w'sgjmdoéda Bihem€i £ espopdeng time

nt erval _ZI ec e fre tr s_assessed t h. respect
to th\é e%’é?’&?l?n ?wﬁng %h\és?f’éﬁg 6X§rre utmgldlr?mssiﬁvé%s }\é\n © AT Ep
nor mal i zedrcui® bfeaebcen\sahssaoof ldibe Momdlhe edhsmlafesa ofpaddht i ne
'”terva'é%ﬁﬁe8€1§Heb89§BEﬁt% TREREN L2AULRIR emthhaL§£Q§Q%o$91éhe

correspondij ng val ues of a reference sequence t en recel ved at
opt i mum §¢beRAPREI bA: gBal Bt y aacargdsderbame yfhenistatipnaeyi &@19n of the

respect ipleosdesst $¢QBéméﬂg§Set oghe t@sslemdxa‘tré)mémlbests expectrbl e
R R C L RUNCL GG O O L NS
val ues fielepisseat erthinybe1nedki coatheiotiedr medimattthey glulelsi ZWeleplkoné he
| nput V%h¥€ﬁo£Qr1ghgyn%ggggagfnet“%,%1onary 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



An arbitrary nunber of additional steps can be added to the nentioned
Pprocess steps of the preprocessing. Such additional steps are: - Filtering
by e. g. high pass filter and selective anplification respgciinéelop2f or
relatively rising the higher frequencies. - Form ng the values of a tine
interval ZI by nmeans of a Hanm ng wi ndow for elimnating extrene boundary
values. - Normalizing the anplitude values in order to take different

vol une | evels of the received speech_SéqGénce SS into account. The

menti oned optional postprocessing of the output activations and of the
assessnent val ues WV of the neuronal network respectively consists in an
interpretation of these values WVWby a Fuzzy-Logic. A Fuzzy-Logic is able
to deter pin@11y Q2GRS LAMASRIANSh Prodabp i tyn vah ugsbgsgdraniyhe type
of the correspondi ng actiyvations at the output of the neuronal network. By
this, th&PRaHEES BOThEGddGa difhdinetly Valthe beRBABESHELRt er than

t he nunbguagh tyheetessbthasses ey aest VW1 Thereby, the human
under st andabl e assessnents "very goodF')', "good", "satisfactory",
"sufficient” and "unsatisfactory” can be assigned to the probability

val ues. Fori assewsiimgo tthantt rtam sinrizd sni drh eywesksielss e e 4 ogr tng wapparasus
necessar yof g hRE9GlH Y2 @S STRMCAERLdd) A PLEARTALOLY o 1pdune 2002
- g phase. For i'S purpose, the predeterm ned speech sequence is
assessedt¥9 Sarmippd speedodenitinansasimsdon d inge Hial ity ases speech

under st apgalkhi k¥ iah aliheCanceneaiatd WABESDOBEIUBRASE PRy DRI~

recei vi ng eng.8 ThF1 different received s etglckkhste}%gences, SS and the aﬁm gned
human as$®5shBnfsHPE8Mt HEFTcomtorm ?‘efaéﬁJt A e M HP i e B BalFor 32
at the rarei arngnged. aBycllbise tlse poersiddporidi noraredisuropigonmi ¢capsal & he
”e“rO”a'oPGEMQrErgg%ﬁ“t@?ﬂg' Rehlb %%%%e%[%'d"%ﬂe desléﬁ?c{r{‘é ’Egeéé’i@ﬁeéé the
speech sequénces of ~any quallf& on its own, i. €. 10 assign e

ment i oned betepbanat at" fbedrecenwdingnienst, Mesdrec tafvadry + lROprepaebiory

phase theaTeasyEbAY HABL bdkaude @hel HRAMQERIENG Nthd StAGhifgh during the
actual workjng phase, i.

} e. during a second phase of arhitrary duration,
with respRtEsStolt he- spBecheisebesmsneTien Vﬁ?é(pﬂ}?éwddg“&?w%'t }eak?
simlar ¢ @hosanpbestibper shat Ahprobllematdd pricastaciepsreansd® as

i mpl ement ' ingtiQn w u I t The two
measur i ngte%ﬂ]f'{&égg%)’ 3 'agé %ﬂh%rgé%gﬁgggc?:’%rq% ﬁgq{%%;é(p% %ﬁ?’gnﬁé%li ment
conmput ertetworly apdr thaaradéapgeapygnivadionoddsd g amf et y2Ho® can be
sel ecti w8l Yc@han6edtBe HeaB¥r2NgaBPpaRLitalse rAdHdionaltdatd. aftesdder nor e,
t he speech sequence SS t hbg transgletted Gan %:ei%pgle sto1red digitally. Such
per sonal®%% RFECeanvhEn  5BASESO ésﬁ‘ﬂbﬁaeu i Onéhe' 4ransmitting end
as well as at the receiving end. By this it is easily possible to perform
the ass%r@pé LQI &P% t£g?ég1 ﬁéleoﬁuﬂg?‘lallt%ﬂ %e%qtg{g\a({'terse% In%l?ilee'the.r
successively or St taneousFy. The conputer "of tthe two neasuring units 31,
32 are fmgasiring eunhpabhatt dsseoer .-t hasgedded Hed ags sagsmahi it put
val ues ﬁ‘é\"é’b@é‘ré@%?pﬁhét Ba¥RY¥ry TBirS tARARS temabi 1€ Thils3 mBiu2Z4Y - 10
storage of, the data together Wl.t|kll time and _place indications all|owng

eval ut atyts 3 Enyceypectaderibh. the mebidenneds dradtic & Iiﬁiie’sﬂi on how

t he Flesccrdnbﬁdummﬂmgimgi lla_s'slwhiﬁah i_ad@gefbl@uitletsuﬁa. RAreferidi don 2

conpl et e ,assessnment _possibility is provide r, ea ransn ssi o

di recti on'€i€® ¥ #r ﬁ?e'ﬁ%n%ﬁi %‘éaﬁﬁgéﬂpi Halﬁn%tz’:si” x LrH‘}es sqoéfr}eo%a%%/
measuri ng.tmith82t ebepone netsarkr dth.t Mbesmabisondmg medsis idlg amd t332 to

t he nobi pq?g ' upy ' ri ' , 32
are madeé qeror r%%@%t%% ’ﬁ%%tggééghnﬁgggﬁéﬁgés%@%ﬁ%r Hr])’gc"g?“lravééngogr;éLhe
sequenceditgtarigre tqeall tpnef hehet heangmaseiong Ldmiet vikurthieemioieata he
assessefRity ik e, LERASHLSEE 8NngHabrky 167 Rt he PakidieyRaswHdg unit 31
to another_nobile neasuring unit i s possible. )

radio communication link 22, 22/, respectively, can be

tested.



As the above description shows, there is a considerable plurality of
variations for performnming the described process. Accordingly e. g. the
neuronal network can be constructed in such a way, that fiT3elupeg2eddl e
assessnment values WV are outputed instead of the nentioned two ore three
val ues. Furthernore, the way of the activations at the outputs can vary.
Decisive for the variations is in any gase, that speech sequences SS serve
for the assessnent of the transm ssion quality, the speech sequences being
assessed by a trained assessnment logic with respect to understandability at
the receiving place in the sane or at least in a simlar way as by a
trained test person, that neans according to subjective human criteria.

13 June 20R2 prddesLClAiMVmdsedy opsishd ot rassesss hognt dealt hpsissbasadqual ity

f h ' liine, L. test , si ' t th
{ransm tLng S0 A TR o eBRRs | o i ART BhR LA I LR P g

end are &Ss Shianrlespartthis tthmdiesedh eubneigescuakactlei pea-in -
that eackd@ls Hdnalorned & Pradetifidi Mieth$anedee Kawman OfesPepbpaBAS
| anguage, which i.s headed by a synchronization pattern (SM, - that at

| east t hPEEFLOEM 4neH PRSP st e iz Rhvi ot teetereei DpAgPERR, -
that in phevied to peogead ittty therdespes] | wite Sotg htleei gaitenopattern
(SM is cogn%&gd and by this the start ti of the f IIom%ng seguence
(SS) i s GREerMERCS Antact i Sl RPTDRES g it Ep 2041 FsPapPural i ty
of corregpdeei.nFhientdemmdict @ fvdlhesditinds sopwkdl by seveeah seoubl
subst eps; enei reSpecty v ( i L Vi LN a first

2 ‘Q’P t19 L eldondESRE EdZI ;5 55\%2}&1' i %fsec.o rotlgdsS Shyhdeded N Pe

plurality of time intervals V nprises i1n each case a second
pl ural i t $26f 1y generéeteshbyndiengpatdindakiia tther vaierketap)ar vivebtby in each
case thetapp{OplINBlee ©lfatsmfs ardiinthddidtdliy winshaisses is asségned to
the corres ondin%panplitud%bval s (AP) of_ ea tifn i nt erval (ZQRChand
wher ei n B8PPESCATE M CSEAVE A 3%6) E (&% erchce YEHWRER tHR Y
correspohdengecktasseand tsipatken], askeass ngenaradttest; . i chs i shewssfgned to the
correspongggblel§oJﬁg% %gng%%ﬁu%?ene interval (ZlI) for a sequence (SS)

q

received at optimumtransm'ssio allity, whereby each difference
corresponds to an internediate value (ZW, and - that in the third process

Stlep a Egaénpdoaﬁ%omakth@trwgrﬂé assibgRes tdie te{et id}%zsﬁit?ﬁi@lilcé rt}sgr rred; ate
val ues to e correspondi n ssessnent val u O, ural It (0}
boss: bl FalEeBaoREtORIHES L Bty e b it N (56Y 2y Tutionds
to the respeorkse Fonatbeirseirenidudlsi bpsedl dPr coessldlce gri-npid pdatm 1,

char act epi gedsLinb Nk chBAsSCIMBRCS afRe ARy TR Tl phodtted fo 10
' Aty

seconds. oceSs according to claim aracterized 1n that
sequencePTesyspedaigeftchce WRYakhatpiinpaty angh qudqut Wwalyes @xrtial |y

spoken byeRepatedagfapabireabbyrbyra atema Whe eppfh i f AtaSSoCraigiing to
claiml1, characterized in that the sequence (SS) is repeated an arbitrary
nunber of°T¥mes and is used in i mediate succession. 5. Process according
to claim1, characterized in that the synchronization pattern (SM has a

length of ulq Qgénéi’ R8t%89kmisaﬁk@ah% el R ' SHSh ertiiie A ddnls easily
recogni zabl e by neans of cross-correlation.

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 - 13 6. Process according to claim1 characterized in that
'the sequence (SS) is divided in a first plurality of time intervals (Zl) of
equal length. 7. Process according to claim1, characteri 28duhe200@&t t he
sequence (SS) is divided in a first plurality of time intervals (Zl) of
unequal length. 8. Process according to claim1l1, characterized in that the
neuronal network is trained before itsgactual use in such a way that
sequences (SS) of the receiving end corresponding to all possible different
transm ssion qualities and in conmbination with that the assigned human
assessnent of these transmi ssion qualities are repeatedly inputed. 9.
Process according to claiml, characterized in that the first plurality is
300, in tleatrdrsd sedonarlpl Ufled i pyepso@ssing) drhidt tdm=ives dvm utesity is 18
and int h I e n 2 and 5.
10. Pr ocgg@ }cgﬁdrgﬁ%étéﬂ féq@&i&ééghsgsr Zcicfg%s;gg% Saelt %"ﬂ our gpr ocessi ng
step is PP d?éd-”%wlh qilﬁzztytdmij\\lcsSJtQTe ¥ing the él%pt@ﬁ%igl'?fgetmraepl urality

of possi &%@mwlw%&%ﬁwt@sé% QRals PetVRS KintedieJune 2002
- 14 11 DEVI ce for assessing the transm ssion quality of a speech

transni sSia%e Vidd uesoriiti Sthig® fiditadis Mpurenalsinparerke whe

transm t heagoaad aedwidnsddHsAESaI™ &@éﬁmtﬁ@rer asﬂmldlematee:esra/im@s
Si gnal S %t h respect to,tr sm SSI t(i} at t receij V|cr}9 $
t

char act ef '2889% A5 19 Wartd r‘iq’spr%nt Nty SHTE G € ebw It such
t hat eac@iuebse SiSgwdla iitsa qgrfdi!hafteettrnqm:@usteqwé:nwelt@s&)s &f riumdrwneh

| anguagee, W Cluko HREL P SN A RAULE hind padiat the

means at thé receiving e t such that at least three serial
sible assessment values can be assigned to the terms ''good"
and '"bad" or '"good", '"medium" and '"bad', which indicate in

each case the transmission quality in a way understandable

by man.

In particular, at least the following process steps are

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.



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
time of the follow ng sequence (SS) is determined, d. thatl3iJuneR80Zecond
processing step a first plurality of corresponding internedi ate val ues (ZW
is formed by several serial substeps) wherein the respective sequence (SS)
is divided into a first plurality of _tyne intervals (Zl), which conprises
in each case a second plurality of discrete, chronol ogical anplitude val ues
(AP), whereby in each case the appropriate class of a third plurality of

cl asses is assigned to the corresponding anplitude values (AP) of each tine
interval (ZlI), and wherein for each tinme interval (Zl) the difference
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of the next time interval ZI. This reduces the probablllty
for very abrupt transitions between neighboring intervals

ZT.

— 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-



15. Device according to claim 11, characterized in that the nmeans at the
transmitting end are built such that the synchronization pattern (SM of
the test signal has a length of about 50 to 100 ns and is folune®00R2 such a
way, that it is easily recognizable by neans of cross-correlation. 16.

t ?evi ce according to claim 11, characterized in that the neans at the
receiving end are built such that the gequence (SS) is divided in a first
plurality of time Irttervals (ZI) of equal length. 17. Device according to
claim1l, characterized in that the neans at the receiving end are built
such that the sequence (SS) is divided in a first plurality of tine
intervals (ZlI) of unequal length. 18. ~ Device according to claim 11,

char act eri zattd nvdhads t frerm e ©avat i LI Yot ke | Med beoneansnabrihbdineeei vi ng

end is buil ych at,it_h been trained before its actual se in such a
way t hat sé’tqauler?csesé ’SS}j' ot ta‘hshee rle%%li‘%i‘ﬁ%f%%% %:gé)lfrte}é%orﬁ ?F\ag?% gﬁfe“_possi bl e
di fferent ™catksni ssion qualities and in conbination with that the assigned
human assessnent of these transm ssion qualities are repeatedly inputed.

19. Device according to claim11l) characterized in that the neans at the

recei vi n§PeRdbdite gy Imumhfth athaddHelanaktstRrs f4n yPesadded tRathehe

second pheéndliidned prthfesd hiteg@ft gl pipiradddying. 18uandadbatibhe
plurality.,of possible assessnent values is between 2 and 5 13 June 2002 -
16 20. é&vﬁ§€p§béﬁFﬂing to claim11l) characterized in that a Fuzzy-Logic
for a fourth processing step is provided wherein the plurality of possible

assessment pfglues WYy, o N8 high pass filter and selective amplifi-
cation respectively for relatively rising the higher fre-—

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



neuronal network is enlarged. 21. Conputer program product for carrying out
‘a process for assessing the transm ssion quality of a speech transm ssion
line, wherein test signals are transnitted at the transm t13 hupedd®®2and t he
correspondi ng receiving signals at the receiving end are assessed with
respect to transmission quality, characterized in a. that each test signa
is a predeterm ned sequence (SS) of theg human | anguage) which is headed by
a synchroni zation pattern (SM, b. that at |east three serial processing
steps are provided at the receiving end, c¢c. that in the first processing
step the respective synchronization pattern (SM is recognized and by this
the start time of the followi ng sequence (SS) is determned, d. that in the
second prp(bmi rfgnsttz:.tpisa gurmesel utle | pyedéteomiredoadienghi sequendieat e

val ue$, ggé? S i ot RRer ctive
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all intermediate values (ZW to the carrespondi ng_assessnent val ue (

a plural PRyl6F PYSsi Bi-e Casd@s ffsHIV ANfedienikdngs 292858885 fent val ue
(VW cor 'gepafids "medtiluem'r @xpetidd/e transm ssion quality. 22. Conputer
program product according to claim 21, characterized in that the sequence
(SS) has a length of about 2 to 10 seconds. 13 June 2002 - 17 23.
Conput er Afkegr &heppogperadocar dhvgea dhd aleainharatt e?l zed2i att ke t he

seqEencgré§§1vhﬁgaeaantl%n%tqfngara&ﬁmgt "y dangpgearmhghphaseartially

spoken a nmal.e and

P y 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



partially by a female voice. 24. Conputer program product according to
claim 21, characterized in that the sequence (SS) is repeated an arbitrary
nunber of times and is used in i mediate succession. 25. 8njune@00dr ogr am
product according to claim?21, characterized in that the synchronization
pattern (SM of the test signal has a |l ength of about 50 to 100 ns and is
formed in such a way, that It is easL|ygrecogni zabl e by nmeans of
cross-correlation. 26. Conputer program product according to claim 21,
characterized in that the sequence (SS) is divided in a first plurality of
time intervals (ZI') of equal length. 27. Conputer program product according
to claim 21, characterized in that the sequence (SS) is divided in a first
pIuraIitﬁhﬁr&dqnpﬁrthﬂ\dﬂta(ﬁerbﬁenneqUhltimegahd BBacE€onpdtieatpoagr am

product q@&@gégﬂggéégfﬂ (%%aggpqg %béegatgfLQ t the neuronal network

is traine ore 1ts |n sequences (SS) of the
receiving end correspondlng to all possible dlfferent transm ssi on
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t hese transm ssion qua ities are repeatedly inputed —29. Conputer program

product dCGrdiitF tH «ﬂ%ﬁ«n%ﬁ.aEﬁwﬁ%&%%rV&edP¥%f?ﬁ%Pl¥heafFP@PlﬁFﬁral|ty is
300, in talsaiestsin@r&ewutlmwla&yws |;sr<2516de<ﬂ nféhaéa&hetirhhﬁﬂ1§hhmﬁ| ity is 18

and (n that t lurality sessnent. val ues, i n 2 and 5.
30. ConpUtér® s 83}arﬁ pr odﬁong%?'b‘? cﬁ‘% % RFATW LY Whdba te??mg €in that a
fourth ps&@ésgnwgysmwswlprgawrdﬂd I and-ueige Logr £ fh@mfbuethtprocessi ng

step enl a5gLHRgt B @LH:“H toh i S bl %é@ffémﬂé é’@fi‘ﬁ a4 the
neur onal netvon KRR dALZl N ASY A A A ARE A3 Lig AY A9 . A9A. A9
\ &6?@ [his means that both measuring units 31 32 are made for —

transmitting the speech sequences SS and for receiving the
sequences transmitted from the 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.
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— that each test signal is a predetermined sequence (SS)
of the human language, which is headed by a synchro-

nization pattern (SM),

— 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 (SS) is

determined,

— that in the second processing step a first plurality
of corresponding intermediate values (2W) is formed by
several serial substeps, wherein the respective se-
quence (SS) 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 corre-
sponding amplitude values (AP) of each time interval
(Z21), and wherein for each time interval (Z2I) the dif-
ference between the corresponding class and that class

is generated, which is assigned to the corresponding
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time interval (2I) for a sequence (SS) received at
optimum transmission quality, whereby each difference

corresponds to an intermediate value (2W), 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 (2I) 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 (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 (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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12. Device according to claim 11, characterized in that the means at the transmitting end

are built such that the sequence (SS) has a length of about 2 to 10 seconds.

13. Device according to claim 11, characterized in that the means at the transmitting end
are bullt 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. Device secording 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.

17. 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.

18.- 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 asslgned human assessment of

these transmission qualities are repeatedly inputed.

19. Device according to claim 11, characterized in that the means at the recelving end are
bullt 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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step is provided wherein the plurality of possible assessment values (WW) of the

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 pattem (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 (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 (Zl) the difference between the corresponding class and that class is
generated, which is assigned to the corresponding time interval (Zl) for a sequence
(8S) 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 transmisslon quality.

22. 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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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
(SS) 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
(SS) is divided in a first plurality of time intervals (Zl) 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
recelving end corresponding to all possible different transmission qualities and in
combination with that the assigned human assessment of these transmission qualities

are repeatedly inputed.

29. Computer program product according to claim 21, characte(ized 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.

30. 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 netwark.



