*159159* Met hod and system for displaying'the anplitude distortions of a
"transnission channel The invention starts out froma nethgmmnﬂmmﬂmmmwwto
the 5 preanble of the main claim In order to neasure th tics
of "a transm ssion channel with regard to non-linear anplitudeidisstortions,
t he anplitude distribution of a nmeasurement signal to be 10 transmtted,
whi ch has aMesimold tande syisstem M4 Qil sglalyiiry KO ing Ti @9 rdi s €aptdensised.
Deviations fromthis ideal anplitude distribution can thus be attributed
to the influence of the tra S c Eng power out put
stages of high-frequency transmtters and the like 15 can be neasured in
this way for exanple with regard to non- |inear anplitude distortions. The
obj ect of tHe iimsEthiom istapt presentren parméthwardgcoctieay andther the
user adwan di spl t he 20. measuring result of such a measurenent
of the \grrpltpﬁ%ﬁagtbsledi S r%eu?{\aoln%] a|ll'sm'obj ect is achieved starting out froma
met hod according to the preanble of the main claimby its 25

characteri%?ng Kfatures. Advantﬁﬁgous devel opnents ensue fromthe
sub- cl ai ms.'DIFGT t1He BRAT ST | OFF ackdrdf Mgr 1ot e PhventFanssisshen

frequency dirsddidutiom Oéecgilfd%triléruﬂﬁi@éa@mhﬂ)iy@‘@déodg%éyg?gné/a' ues
that are neasured in succession, with sinultaneous matching data feduction
and di spl ayrhsf amelitude 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 fﬁéﬁ
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 achieved 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

L
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frequency distribution in frequency val ues conbined to give anplitude
" windows, a particularly clear and rapidly 2 evaluatable display is
created for the user of a corresponding measuring receiver, as shown in
Figure '3. The method according to the inyention is explained in 5 greater
detail below wth reference to schematic draw ngs. The successive anplitude
neasured vavaésaneader édspyay impaswaiteg rfeceittes Jsr @l e at the out put
of a trangmtter qutput stage .to be neasured are digitized via 10 an A/D
converter an rSFBS@s%E‘& FEFEREr "gs T8Fccesdivés digitall vdlimyia a _
processor according to Fig. 1. For a first representation, a predeterm ned
nunber nmax of digital values, which correspond to a predeterm ned
neasuri ng FPﬁeWet{q@de@éFQé@é@,g = rﬁﬁ‘&ctlincf@niomogsswlowésﬂmmi rmfasure;j |
val ues 15 rexa 1T SSi V. sured val ues .are, now sorte
accor di ?\g ?E%F%Ug%%g{,llt %%ggwtshl'ic%%t ?\réefr%erg%%& iVe Scﬁjﬁﬁﬁr ccéjlrlawdfno-i‘?errpry A
fromsmax + 1 nenory cells with an address (r:]orresppnd! ng to t?eda;rplltgge
val ue of t neasured.val ue eval uated in each case is increnente or
each rreasulrﬂgﬁ \S/’EFﬁSSﬁfbvfn)amgg&&Pﬂjienﬁ‘eta&ulfieéiur”é‘llles( fIfesTatat v y possi bl e
anpl i tude mabvesing recedme). it eih@paxanpl @ raccRiding Jo Figure 1, the
anplitude values 4, 6, 1, thus integer nunerical values pegpectlyely, are
neasur ed i RT80ERESSPEN CULEM teddmdlce LOASE Neiacatred yret eigitized via

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 nmm<o£Léigital
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 sp.x + 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 numerical 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 Smpx, at the end following the
evaluation of all np.x amplitude values their frequency
distribution is thus stored in memory A. In practice
memory A has for example 1024 successive memory cells.
30
A reference value, for example the root-mean-square value,
that is 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



25 arrows drawn, their frequency is countéd in the related menmory cells s
"= 0 to smax, at the end foll ow ng the evaluation of all nmax anplitude
val ues their frequency distribution is thus stored in menmory A In
practice nenory A has for exanple 1024 guccessive menmory cells. 30 A
reference value, for exanple the root-nean-square value, that is used in
the final dibspimstassuhtealylef er eroe yvafdreriSe thBfe cRE Ul ated) £rom Lhese

. I ithmc display scale, the _
oot - mean: SadrY Vil (RS o Sk HOGCRRY abh ok L T 67 Erencehvatue GBI | S
cal cul at ed thly angyl icfudder fquat &, imgh catigd Aﬁ}rllkfézguéﬁ %géiegmlé?ﬁgigum of

i 3995 of
the anplitude frequency HAD, the number of anplitude s
t he nenpnory Spararid it L Ve Uk shuberd e @fa Buamesd i hurdee v ah esof TO

sinplifyt i anplitude distribution of the output signal
neggur e)c!IS s?ﬁpﬁ%ﬁ}rﬁe\gll{%ﬁ' anplitude frequency values of the nenory A

above the reference value 10 Ref are respectively combined and added to
1 to Finax The | ower and upper linmts

ive so-called. anplitude w.ndows F = ; . _ (
8f the amplhi &&@Rmfdfoﬁ“%\%drseolr%@%tﬁ%l%}ﬁ%ﬁ%t@wgmbwmsmf| n the
case of w rdewdwyndard @fmdinate 4o N sPreci el v, deet | earrrl?e Pt'%;%a ween
two anplitude stages of 15 the neasured val ues supplied by e

converter, fREUSEII G qshe | r?@mﬂd%@m!ﬁn%?gi?ﬁ?ﬁ%@ggﬁ{@agg y
?Eztrgg&?{%EEL%Q%gqf%%%ﬂ%%ﬁ%#%&ff%ﬁgﬁhgg an aéé@é to give so-called
amplitude windows F = 1 to Fpx. The lower and upper limits
of the amplitude windows F are respectively designé;%d S1
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. 1In 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 1072, thus 1



hcy val ues, the absolute frequency AH (F) is finally 20 obtained for
'Ia;gﬂu:rfp?/i tude wi ndow F and displayed. In the exanple shown according to
F'i"gure’ 1, 20 adjacently connected anplitude wi ndows F for exanple are
provi ded above the reference value of 0 dB cal cul ated as the root-
mean-square value, the range O to 1 dB being assigned to 25 the first

wi ndow, 1 tio o dB 1t onddwensecong) wéadovke 21 8023481 £19: 4 henthi { dyi ndow etc.
Figure 3 shaws the display derived therefromon a screen or due to a
printout by’ " of a printer. The 1-dB 30 anplitude wi ndows F are entered
in a horizontal direction, and the anplitude distribution, i.e. the number
of nmeasured values in the respective anplitude w ndow relative to the
number of s WEbtvdlamsor ecordethiculotiadn formuverds oahichli fection as

. 1B 2 f , ple that 10-2, thus 1 4 of all neasured val ues,
gfgslocgtedﬁ\%qt {5 hlﬁ%s(afrlrl? € windoW THE resta ¥t dred tees bhY cirati on

) . > . . iy
formul a of tite cirdes &t ndieddhid e FiQure ds OaD ASe-Pen caleyl i gd easi
from the %reat est anplitude stage s of the nmenory A act ua%lfy ocﬁurrl ng

and from t BEFEereh&Ed o 1R Hete cap o enesl wslue ke f owd L orekane sdjuas e val ug,
and di spl aye@ rl%tAn{é%rﬁﬂécihéwu%l&e,Ofad@a&fgﬁ%%eaé ues AD (n) is require

i sti i gni | anplitude
for a statistically significant statement rege g the actua .
distribution. In many cases, the stated nultitude nmax is not sufficient

for this, GhUR TN TAMURY, JEARULSL YR HEs, Dave, 15, Po rogorded to attain

for a statistically significant statement regardingﬂthe
actual amplitude distribution. 1In many cases, the.;%ated
multitude npaxy is not sufficient for this, thus kpax = z/nNpax
measured values have to be recorded to attain the required

15 measuring accuracy. To do this, a ring memory structure of
the length kp.x is used according to Figure 2. First the
relevant absolute frequency AH (F) is ascertained for each
amplitude window F for a first multitude Npax O0f 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., of measured values and entered in the
second memory cell row k = 2 etc. until the entire ring
structure is fully described by kpax ©€lements. 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



. 15. neasuring accuracy. To do this, a ring'nenory structure of the length
kmax i's used according to Figure 2. First the relevant absolute frequency
AH (F) is ascertained for each anplitude window F for a first nultitude
nmax of measured values according to t he processing scheme according to 20
Figure 1 and entered in the first nmenory cell rowk =1 of the ring
structure, ito the priew setwgsiher hd hcdmhel ateferencguaatyei si kew se

cal cul ated accor.ding, to Figure 1 and also together with the crest_ factor.
Then the alf§ ch]tleategj fofen%/:}? LR TP BT heP S of F YA cH Bfpf F RadeY wi ndow

25 accor di Rhet @ dlke iseheri: Qs @i Ng- tan il ae e d@ | heqowecPRE Ul ti t ude
nmax of measured values and entered in the second nenory cell row k = 2

etc. until FRAUERGY &5 it D sthirtiy disp¥aned aleserdbed by Rhexrel dments.
Fol | oW g 16RO Tt AL SPIRLY Sld4 SOV g, Jpasyf efent, g shown 30

on the display, ing the neasure ues proces &0 up to nowinto
account . Falnlcowiimigiagntrrgma my ko], tdves fi rite row &t ive lamblibedei ng

structure i s overwitten again, so that only the nost up-to-date neasured
val ues are%le\ﬁéﬂ%cypr oces ag%‘ ‘ﬁl%]n]ﬂﬂfge a?b]srﬁ%ﬂ eftdtegbentin$ht Yies st ored
thus 5 indikelrdyeg sdamtidigy tdercymy af i ve égp&yﬁaﬁ@éfdi§er&akwﬂna£§g for

each anplitude window and fromthis finally the relative frequency for
each anpl i BRFEWFRTR; L &fhi P L ¥ rudpiehesayenanefef i erdh yamp sptaged accor di ng
to Figuie 3pimolheii g SIEHCLIY &, onsi Y\?gf)'e of y K =, 100

i ndi vi dual r%err[?ry clelll rows}.y Tkﬁé(; re atfv?a@r%?%f%%% r%%%e%%@tf%?vgach
anpl i tude wiomowechato ifsarfi red [yndicated 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 kpx according to the formula likewise

indicated in Figure 2.

25 In 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 ir 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



. di splayed according to Figure 3 is calcul ated here fromthe added absol ute
anplitude frequency for each anplitude 10 w ndow divided by the nunber of
neasur'ed val ues that have occurred so far, as indicated by the fornul ae
accordi'ng to Figure 2. The crest factor gan also be deternmned fromthe
maxi mum of 15 the crest factors calculated hitherto and di spl ayed, as

li kewi se imelhsared by ubked,oraul axiampfiegur @i2itainald ey itdie WirgiH)
percentage _of the nunber of recorded neasured values required in all for a
statistica?F?cﬁﬁs??gﬁFFPEQﬁPgsFQtéﬁ@n@v@5ﬁ 15 adi§Nceyed and corresponds to
the nunber of entries k currently present in the ring structure divided by
kmax according to the formula |likewse 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 hori zont al
short dashes for each anplitude wi ndow. Any signal with a known anplitude
distribution is suitable as a measurenent signal; preferably a signal that
is also transmtted in operation via the transm ssion channel to be 6
nmeasured is used, for exanple a digital television signal processed
according to the DVB-T standard. 7 CLAI NS



. h for displaying the anplitude distortions of a transm ssion
{ghazﬁgfogy neasurgneﬁt gf t he gﬁplitude 5 distribution of a nmeasur ement
S|gnal of a known anplitude distribution at the output of the transm ssion
channel , characterized in that, based on-a given nmultitude of anplitude
neasured val ues that are measured and digitized in succession, the
frequency of occurrence 10 of the anpl¢rLaxesdi stribution is then determ ned
and displayed in adjacently connected anplitude w ndows. 2. Method
according to claim1, characterized in that only the anplitude frequency

val ues occurri abdveoa dbspedelencenyabigl argqdi gpkayed; Lnsagpl Ltude
w ndows. 3. I\/el\:?od according to claim 2, 1ﬁaracterl zed 1 n that 5‘?

quadrat i cal |y wel §HEE Ser Srnneboby n*ﬁ@@nséq@la?@tvaf ughe alsptatnuéat ed from

t he sumsf t heyjadptipgwedesd regu S ef epence val ue. 4.
Met hod accor di nlg tolgbne of theggﬁ%%géglr%ﬁé}éf Sﬁéna char3ct®ri¥2ed in that

f t the frequenkht wie otceirrBmceionfat hehe espestit vet yrdé £ 256561 50t gger
almr)lsltude nmeasy] liZ§ 6}1 es of the gjven nultitude are determ ned, then
the reference v:rﬂﬂue q At t_r%ffJe%le‘?;mjclntWéa"arrp}P(i’%‘%J%leonf'i'ﬂe@w‘éfu?ﬂ&y val ues

ly
det er mi ned abowel titisde &f Branse: vadsleme A8 €r QNP4 N6l apd, added respective
tg form groups, ﬂé& these (fﬁg?als of the respectively conb medrggrou s of 30

anplitude fre 1R af e e EEen i nthéef regpacent b § @@dﬂlﬁlﬁﬁéxede
anpl i t ude wi ndgwa.nd. amlhgﬂd@c&pwmguwom s iR RLEERINDY SN G ™

characterized in that the crest factor Is ca
displayed in adjacently connected amplitude w1ndows

.

2. Method according to claim 1, characterized in that only
the amplitude frequency values occurring above a

15 reference value are displayed in amplitude windows.

3. Method according to claim 2, characterized in that the
quadratically weighted average (root-mean-square value)

is calculated from the sum of the amplitude frequency

20 values as the reference value.

4. Method according to one of the preceding claims,
characterized in that first the frequency of occurrence
of the respectively different integer amplitude measured

25 values of the given multitude are determined, then the
reference value is calculated and the amplitude
frequency values determined above this reference value
are combined and added respectively to form groups, and
these totals of the respectively combined groups of

30 amplitude frequency values are displayed in the

adjacently connected amplitude windows.

5. Method according to one of the preceding claims,

characterized in that the crest factor is calculated



8 fromthe greatest anplitude frequency value ascertained and fromthe
reference value. 6. Method according to one of the preceding clains, 5
characterized in that the anplitude frequency is ascertained for each
anpl i tude wi ndow respectively according to claim1 for several successi ve
given nmultitudes nmax of anplitude nmedaSured val ues and the cunulative

reqgquency i s asefrtakn efr h t he relat!ve anpl i.t ude
;reguencz for each anp???hggS%wfﬁggaﬁﬁg%cgpgéﬁgpg an u&l?ﬁf&%&&?”ﬁ? Met hod
accordi ng to @Pdi Arsmokhe, relisracter vaddei.n that the crest factor is also
determned for several 15 successive given nultitudes of anplitude nmeasured
values and the relative crest factor is calculated via the cunulative

f uency ascéethpdedctherehigomvasde dirsphayedece@idy Methqd according to
oagqof g%e precedi ng clains, characterized,?n that the ideal anplitude
frequency of C?ﬁﬁaﬁg§§hF8g§hP $hghalfhes agPdé taidspifapatenayt he  anpl i t ude

i ndows at thgssapealhlB. £rd% 2 a¢qer disng to.qne of .the preceding
212ins, charaiteri;ed in thatafﬁgggggﬁggtgpeﬁcgﬁ%aégngCFﬁgeﬁ%onentarlIy

eval uat ed nunbefFobfigoven mlkimt ddésri seaksal duspkagedeayivba same tine.
30 multitudes np.x of amplitude measured values and the

cumulative frequency is ascertained therefrom and then
10 the relative amplitude frequency for each amplitude

window is calculated and displayed.

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

cumulative frequency ascertained therefrom and

displayed.

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

amplitude windows at the same time.

25 9. Method according to one of the preceding claims,
characterized in that the current percentage of the

momentarily evaluated number of given multitudes is also

displayed at the same time.

30



