i 0 2 APR 2004 *166166* Method and system for displaying the anplitude

- distorti-ons ssi on channel The invention starts out froma
met hod accormmm@mmﬂmmﬁmm 5 preanbl e of Fhe main claim In ordﬁroﬁﬁ asure
the characteristiggeaof a transmssion channel with regard to AR Whear
anplitude distortions, the anplitude distribution of a neasurenent signal _
to be 10 tramsethé®dandhigbtbasfar Aipbilhyaagdichbr bhghiemddatli dtHrdye in
theory, can be used. Deviations fromtnis 1deal anplitude dfstributTom can
thus be attributed to the infdyehcerastsnigsiommhamsbn channel . Liniting
power out put stages of high-frequency transmtters and the |ike 15 can be
measured in this way for exanple with regard to non- |inear anplitude
di stortions.tHéei 9béeel oRf st AetknyaRt ireBmi 8 hetRLES Gkt R It dHd ¥
clear and for the user advantageous display of the 20 neasuring result of
such a neaswesamelefof hehamphinudéaidistribution. i This object is
achi eved starting out froma nethod according to the preanble of the nmain
claimby its 25 characterizing features. Advantageous devel opnments ensue

fromthe subicl@ider tdiené@sthe enMal Uupkirantaccot dbB0okO at ke ainzyantd;en, of

the frequency distribution of the nultitude of anplitude
channel with regard to non-linear amplitude distortions,

the amplitude distribution of a measurement signal to be
10 transmitted, which has an amplitude distribution that is
known in theory, can be used. Deviations from this ideal
amplitude distribution can thus be attributed to the
influence of the transmission channel. Limiting power
output stages of high-frequency transmitters and the like
15 «can be measured in this way for example with regard to non-

linear amplitude distortions.

The object of the invention is to present a particularly
clear and for the user advantageous display of the
20 measuring result of such a measurement of the amplitude

distribution.

This object is achiéved starting out from a method
according to the preamble of the main claim by its
25 characterizing features. Advantageous developments ensue

from the sub-claims.

Due to the evaluation according to the invention of the
frequency distribution of the multitude of amplitude

30 measured values that are measured in succession, with
simultaneous matching data reduction and display of the
frequency distribution in frequency values combined to give

amplitude windows, a particularly clear and rapidly

IR
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30 nmeasured val ues that are neasured in succession, wth simltaneous

mat chi.ng data reduction and display of the frequency distribution in
frequency val ues conbined to give anplitude w ndows, a par@éj@ggﬁly cl ear
and rapidly *G00002 2 0 2 APR 2004 eval uataple display is c Bor the
user of a corresponding neasuring receiver, as shown in Figure 3. The

met hod accor divegl vatabhkei dveplliaen iiss cexpltaidngd i mnhz great &f detail bel ow
with reference to schematic drawi ngs. The successive anplitude neasured

val ues nmeasur€ BYSRONARAS UPRAGUFEBE FEFCLEE fexafplsioat tive Fouryre df a
transmtter output stage to be neasured are digitized via 10 an A/D
converter and processed further as successive digital values via a
processor acdiralimgthad Figecotdifigr ta thier shveapheaentakixgn.a iddy edet er ni ned
nunber nmax of digital values, which correspond to a predeterm ned
measuring %t i MESATET Rliarkt A len pihbt reEe 160060t SUSCESTIaLE areswisT s .
val ues 15 for exanple. These successive neasured val ues are now sorted
according to frequency, to do this the respective nenory cell of nmenory A
fromsmax + Theemrocesedige wihpl abudaddeessrear vespeBdinBg stig ehganpl i t ude
val ue of the_neasur.ed value,evalgated in each case is increnmented for 20

each measur ef'SFAUTe 4D 1G5 LETor P hge¥ @Bt Guie 4he (PHEBPEL PEaRl y possi bl e
anpl i tude vakwesisnl tt@ 5 outpud Nst4§€ €3P! R 26GPLLT 00ct A1 5L 9YLR 41w sLNe

anpl i tude val ues 4,
10 an A/D converter and processed further as successive

digital values via a processor according to Fig. 1. For a
first representation, a predetermined number nm.y of digital
values, which correspond to a predetermined measuring time,
is evaluated, in practice 100000 successive measured values

15 for example. These successive measured values are now
sorted according to frequency, to do this the respective
memory cell of memory A from Spx + 1 memory cells with an
address corresponding to the amplitude value of the
measured value evaluated in each case is incremented for

20 each measured value AD (n) according to Figure 1
(theoretically possible amplitude values: 0 to Smax) - In
the example according to Figure 1, the amplitude values 4,
6, 1, thus integer humerical values respectively, are
measured in succession, for example. As indicated by the

25 arrows drawn, their frequency is counted in the related
memory cells s = 0 to spyx, at the end following the
evaluation of all np.x amplitude values their frequency
distribution is thus stored in memory A. 1In practice
memory A has for example 1024 successive memory cells.

30
A reference value, for example the root-mean-square value,
that 1s used in the final display as the reference value is

then calculated from these stored frequency values. For a

logarithmic display scale, the root-mean-square value is



6, 1, thus integer.~nunerical values respectively, are neasured in
succession, for exanple. As indicated by the 25 arrows drawn, their
frequency is counted in the related nmenory cells s = 0 to SexAPRigyt he end
following the evaluation of all nmax anplistude val ues their frequency
distribution is thus stored in nenory A In practice menory A has for
exanpl e 1024 Sucoessi v el y. ceThs. r80eAenetevehne Relfues fcarl cedamqde t he
root - mean-square value, that is_used in the final display as the reference

value is thél¥ ¢l Rlat'dtf rionfihesendtoreads tRgliebyeval desm foe gum of
g LM S, URp MRl L0 E 00Ly TRRR, SOHAT RuNBLY oS il R Q0L aE S

the npbst suitable. The refer e val ue is cal culated
formul a i ndi cat.ed iln df guree derfio oy & hens unhef evé heaaspl htimide rf heguency HAD

t he nunber. of anplitude stages Smax + 1 of the nmenory A and the eval uated
nunber nmEx GFPS IS “Fde1S™ ues. To sinplify the display of the anplitude
distribution of the output signal neasured still further, the anplitude

frequency val ues of the nmenory A above the reference value 10 Ref are
respecti vel y Toostiimpad fand haddbidsp ba gi vk Sloe cahp kitudapdi sudébuwtndaws fF = 1
to Finax The _lLower and upper limts litude wi hdows F are

of the a :
respect i vel y "4&siCr&E ds§9n%%uT§§fu5?§t?ﬁ9%%w MHENGF ndbFhBUIRYAEPEE t hat
do not precirselgneiRet vhhacdd dif e etvars§ WO Aphd tude sLagesnet value

10 Ref are respectively combined and added to give so-called
amplitude windows F = 1 to Fpax. The lower and upper limits
of the amplitude windows F are respectively designated s;
and s;. In the case of window boundaries that do not
precisely meet the middle between two amplitude stages of

15 the measured values supplied by the A/D converter, the
value of the frequency of the amplitude stage concerned
must be distributed weightedly to two windows to increase
the accuracy of the result. Due to this combination of
frequency values, the absolute frequency AH (F) is finally

20 obtained for each amplitude window F and displayed. In the
example shown according to Figure 1, 20 adjacently
connected amplitude windows F for example are provided
above the reference value of 0 dB calculated as the root-
mean-square value, the range 0 to 1 dB being assigned to

25 the first window, 1 to 2 dB to the second window, 2 to 3 dB

to the third window etc.

Figure 3 shows the display derived therefrom on a screen or
due to a printout by means of a printer. The 1-dB

30 amplitude windows F are entered in a horizontal direction,
and the amplitude distribution, i.e. the number of measured
values in the respective amplitude window relative to the
number of measured values recorded in total, in a vertical

direction as bars. 1E-2 means for example that 107%, thus 1



15 the neasured val ues supplied by the A/D converter, the value of the
frequency of the anplitude stage concerned nust be distributed weightedly
to two windows to increase the accuracy of the result. Due BgAtPRiZB?')fL

conmbi nati on of frequency val ues, the absolsqute frequency AH (F) 1s finall
20 obtained for each anplitude w ndow F and di splayed. In the exanple
shown accorditngft @ Hi qugasdre@vabijecentty looahedt edtanpl ithude midrlows F
for exanple are provided above the reference' value of 0 dB cal cul ated as
the root- nmedn’$§lsre value, the range 0 to 1 dB being assigned to 25 the
first wwndow, 1 to 2 dB to the second window, 2 to 3 dB to the third

w ndow etc. Figure 3 shows the display derived therefromon a screen or
due to a pri fheutcres tndavs wf, alpr icdrul heod - @801 anpki tvidenhwiindows F

are entered i.n a h%%’béqntal, direction, and the anplitude distribution,
i .e. the AunbBFLGATRELIGr dd IUAR Ues G theST Rpett] velakpri eagd lu faom

relative to the grérbkerstof asyrgd r ' tal, .i ertical
direction as bar g. 1E—2S rrea(ilﬂr?si for exéelltfréb esst hﬁfog}g@%nérﬁﬁﬁg % SCEBEE&X/ZOO4 4

of all neasupeduviings anar € rogedthed na ftdienddi wa el Re fi cddwuulFhedcmest
factor, the culation fornula of ich is 5 indjicated in Figure 1, can

al so be cal cgﬁ%t gagﬁéa@ﬁa&‘ PR S N §t%eatdy %Jrﬁﬁdjﬁ%eo‘g stage s of the
menory A actually occurring and fromthe reference value Ref cal cul ated as

10 A certain number z of measured values AD (n) is required
for a statistically significant statement regarding the
actual amplitude distribution. In many cases, the stated
multitude nmax is not sufficient for this, thus kpay = Z / Npax
measured values have to be recorded to attain the required

15 measuring accuracy. To do this, a ring memory structure of
the length kpmax is used according to Figure 2. First the
relevant absolute frequency AH (F) is ascertained for each
amplitude window F for a first multitude np.x of measured
values according to the processing scheme according to

20 Figure 1 and entered in the first memory cell row k = 1 of
the ring structure, to be precise together with the
reference value likewise calculated according to Figure 1
and also together with the crest factor. Then the absolute
frequency is again ascertained for each amplitude window

25 according to the scheme according to Figure 1 for the
second multitude np,x 0f measured values and entered in the
second memory cell row k = 2 etc. until the entire ring
structure is fully described by kpax elements. Following
each entry in a memory cell row k, the measurement is shown

30 on the display, taking the measured values processed up to
now into account. Following entry in kpax, the first row k
= 1 of the ring structure is overwritten again, so that
only the most up-to-date measured values are always

processed. From the absolute frequency values stored thus



t he root-nean-square value, and displayed. 10 A certain nunber z of
nmeasured values AD (n) is required for a statistically significant
statenent regarding the actual anplitude distribution. In ﬁ@k{ @ ses, the
stated nultitude nmax is not sufficient foy this, thus kr& ER 304 e
measured val ues have to be recorded to attain the required 15 neasuring
accuracy. Toido ttHe stirag rstguaenpey sheuctmueaofvet heehenatly kmax is used
according to Figure 2. First the relevant absolute frequency AH (F) is

ascertained f6rt SN t3RIED WIRBSH EIE oM 1BV r aRdnfiFomt Géé snrfebnadfly
measured  vakugs AACALAING {0y {diecPr e6esshig SRUPIP.ACCLALG 0,20, Figure
= 0 h ﬁg’slw

1 and entered in the first nenory ce r ow eri re, to
be precise tgeduemoy tirs ttteen reies ehgedvap Leyéd kevtsedealcubared aecor di ng
to Fi gure51 End al so together with the crest factor. Then the absol ute
frequency”i sTa§aifnt "&s Sril S FERD eGRhS Afipl FetdR*ammbowe 25kagcdddi ng to

the schene ag¢ggr di; t70 i for_th S n | titude nnax ,of neasured
val ues and e%ﬁgrl?&@iglr?lt Fqgnwge)go%edlir)mrn%‘"rs ceﬁﬁgr%%vi%tl:v% %TB.TETEHFFI t he
entire ring fsequengye fiox fealdly aestitdbesd wyndsmxcied€neat sinkohl,owi ng each
entry in a ggr.mrﬁ cell row k, the neasurenent is shown 30 on the display,
taking the neaShra8dSFaPGES R ded 11D 3 nbtv Fk D krerfinke r e rem hige
entry in kmxdatheablsbatiteOWne it ubiof ridigudddg &1 d“Hear.flélP¥SElyi tten
again, so that only the nost up-to-date measured val ues are always
processet? PrdRfiPHedaNdEEdt &Y tdfuentypam| afenestormt thrisués that have

occurred so far, as indicated by the formulae according to

Figure 2.

The crest factor can also be determined from the maximum of
15 the crest factors calculated hitherto and displayed, as

likewise indicated by the formula in Figure 2.

Finally, the current percentage of the number of recorded
measured values required in all for a statistically

20 significant statement can be displayed and corresponds to
the number of entries k currently present in the ring
structure divided by kpax according to the formula likewise

indicated in Figure’ 2.

25 1In order to compare the amplitude distribution measured, as
represented in Figure 3 by the vertical bars, with the
theoretically given known amplitude distribution of the
measurement signal used, the latter can also be faded in in
the display image, as indicated in Figure 3 by the

30 horizontal short dashes for each amplitude window.

Any signal with a known amplitude distribution is suitable
as a measurement signal; preferably a signal that is also

transmitted in operation via the transmission channel to be



0 2 APR 2004 in the ring structure, the cumul ative frequency is calcul ated
for each anplitude w ndow and fromthis finally the relative frequency for
each anplitude wi ndow, which frequency is then finally disquxﬁﬁlﬁgcording
to Figure 3. 5 The ring structure can consigt for exanple of = E

i ndi vidual menory cell rows. The relative anplitude frequency for each
anplitude w mioasthad is Gsed} | yordesphpyedaagegh dang tk0 elliGUrd 3S4i$nal

cal cul ated here fromthe added absol ute anplitude frequency for eac
anpl i tude 10 R P9 &F v e BYn g heontikBePVBf Tehsnfeddval ues that have
occu-red so far, as indicated by the fornulae according to Figure 2. The
crest factor can also be determ ned fromthe maxi numof 15 the crest
factors calculated hitherto and di splayed, as |ikew se indicated by the
formula in Figure 2. Finally, the current percentage of the nunber of
recorded neasured values required in all for a statistically 20
significant statenent can be displayed and corresponds to the nunber of
entries k currently present in the ring structure divided by kmax
according to the formula likewise indicated in Figure' 2. 25 In order to
conpare the anplitude distribution nmeasured, as represented in Figure 3 by
the vertical bars, with the theoretically given known anplitude
distribution of the neasurenent signal used, the latter can al so be faded
inin the display imge, as indicated in Figure 3 by the



30 horizontal short dashes for each anplitude window. Any signal with a
as a neasurenent signal

known anplitude distribution is suitable
preferably a signal that is also transmtted in operation via the
to be 6 0 2 APR 2004 neasured is used, for exanple a

t.ransm ssi on, channel

digital tel on signal processed according to the DVB-T standard.
Clains 7 0 2 APR 2004 1. Method for displaying the anplitquzpp@ﬂ rtions of
a transm ssion channel, characterized in that a 5 neasurenen al of a
known anplitude distributionis transmtted via the transm ssion channel,

the anplitude values are neasured at the output of the transm ssion
alues are converted into

channel , these Mgtbessifor aiplilty ured v.
digital values,tEhe aanLtudeFLaﬁﬁgg 18 m@ﬂﬁﬁﬁHHPQYﬁkﬁi¢stﬁ®N£d@ﬂ gnto
adj acent |y connec?@ﬁmléﬁﬁpptGbénwhddOW$arEbQ@ﬁiﬂ@%“y%[Eﬂ%itUde of the
successi Vel y fonagduagpbjtude, di itgl values the freq Y ®f their

-occurrence in the adjacently  9¢8Ang tédkaﬁﬁhiEm@éiwbmamﬁi§6%f§?§¥n1ned,
and the 15 anpliXameniteedency YRL UES L M§sascertained for eac éﬂ%lﬁ?ude

“480i EBanpelpethed aagaandiqyy to

wi ndow are disp) &ggla means of a display
claim1, characterized i M4Riuzed at the output of the transmiss:
SS10n

N convereed into digital values, the amplitude valye
measuring range is divided into adjacently connectsd
amplitude windows, from a given multitude of th )
Successively formed amplitude digital values th:
frequency of their Occurrence in the adjacently
Connected amplitude windows is determined, and th

15 amplitude frequency values thus ascertained for )
amplitude window are displayed by means of a dis:j:;

device.

) 2. Method according to claim 1, Characterized in that
0 reference value, in particular the root—mean-squarea
value, is ascertained from the amplitude frequenc
values determined %n all, and only the amplitude ’
frequency values of the amplitude windows occurring

above this reference value are displayed

25
3. M 1
ethod according to claim 2, characterized in that
o . | at the
q ratically weighted average (root—mean—square 1
o value)
alculated from the sum of the amplitude freque
values as the reference value. e
30



20 reference value, in particular the root-nean-square value, is

ascertained fromthe anplitude frequency values determned in all, and

only the anplitude frequency values ofg the anplitude wgmdgssypccurring
above this reference value are displayed. 25 3. Method according to claim
2, characterized in that the quadratically weighted average

(root - nean- squarefeakner viad uealiculcatled fated tarel s ofmp hietwdgl | t ude
frequency values as the reference value. 30 4. Method according to_one of
the precedi ng cF&PABENCYhIRAMES [dEeE I nadhrrviestt e FeltfiRmey velue
occurrence of iwvel i t d | e ed

val ues of the g%ggnéﬁpgﬁ%gdgnﬁr%d g’?(rar%n@i r?ggfrr??;ﬁj(’aon t ellEISSLtg‘ZC%g%Ofnd
ref erence val uethsseaketkated fandet e sprpltiitiedsy  daregiurent yg mabpieso £

det erm ned above this reference value_ are conbined and added to form

groups redpecti 9BPYItHAR fERESENCH JPLUSS ERE CESPEAM_EIY? ddibi ned groups
of 5 anplitude v 4 sRkayed | t(%(g, adj acently connected
anplitude wi ndoé\g?ggsﬂ%yhg Hg%ggregi %g%té one g;lnt e Sprecedi ng cl ai ns,
characterized in that the crest factor is calculated 10 fromthe greatest

ampl i tude frequency val ue ascertained and fromthe reference val ue.
P Eg Methd accordgng to one o? the preceding claims,

characterized in that the crest factor is calculated
10 from the greatest amplitude frequency value ascertained

and from the reference value.

6. Method according to one of the preceding claims,
characterized in that the amplitude frequency is
15 ascertained for each amplitude window respectively
according to claim 1 for several successive given
multitudes npax 0of amplitude measured values and the
cumulative frequency is ascertained therefrom and then
the relative amplitude frequency for each amplitude

20 window is calculated and displayed.

7. Method according to claim 5 or 6, characterized in that
the crest factor’/ is also determined for several
successive given multitudes of amplitude measured values

25 and the relative crest factor is calculated via the
cumulative frequency ascertained therefrom and

displayed.

8. Method according to one of the preceding claims,
30 characterized in that the ideal amplitude frequency of
the measurement signal is also displayed in the

amplitude windows at the same time.



6. Method according to one of the preceding clainms, characterized in that
the 'anplitude frequency is 15 ascertained for each anplitude w ndow
respectively according to claim1 for gseveral successive given nmultitudes
nmax of anplitude neasured values and the cunulative fﬁédﬁéﬂﬂy is
ascertained therefromand then the relative anplitude frequency for each
anplitude 209w REA@WolS sedlciid irtPd Ashdlispl e b ratedidod) aeggrding to
claim5 or 6, characterized in that the crest factor'is also determ ned
for several sucbegsictergizesh imulthatudds ofuramit tnalecemosye edf vahaes 25

and the relative crest factor is calculated via the cunulative frequency
ascertai ned t heP8PFBMPandY &Wﬂﬁ%ﬂﬁﬁé:Qﬁmqﬁﬁtﬁﬁ;%ﬁﬁﬁﬂwﬁ t%EP%ﬁ% of 2he&o

pr ecedi ng claingisgga?@@rthQQk;%QMéwgﬂﬁg_the i deal anplitude frequency of
t he neasurenent signal is also displayed in the anplitude wi ndows at the
sane tine? 9 0 2 APR 2004 9. Method according to one of the preceding
clainms, characterized in that the current percentage of the nonentarily
eval uat ed nunber of given nmultitudes is also displayed at the sane tine. 5




