1 Measuring device and neasuring nethod for detecting errors in
signals 5 The invention relates to a neasuring device and a measuring
met hod for detecting errors, especially protocol errors, in signals
of one or nore devices under test. 10 In recent years, comunication
net wor ks have becone nore and nore conpl ex. Especially nulti-Ilayered
protocol stacks are neanwhile in use. In order to analyze errors
within a sequence of nessages, regular neasuring devices display the

nmessages i NuMdathindidigNdetNeCoamiPhaRat@linARRIdHR ifdr Hoddethdy QL34
Al shows hierarchically grouping the nessages. These known neasuring
devi ces though are di sadvant ageous, i%i wégnatls equires a detail ed

know ed of the enployed protocols for a user of the neasuring
device t0 detect errors. 20 Accordingly, the object of the invention
is to provi deeaifRastiiong rdevires andaamFBasuingg devtibedawdi gh are
capabl e of accurately detecting errors wthin signals of devices
under test WPERYGLNPeHETPPAg fPAt ERSFFE IRAORITERESE  of SPRE1AS lenprreyegol

conmuni cati gn %géﬁdﬁadsfbﬂgh%h%fu% b g& e %%H%E@guﬂégkc%e%E.
measuri ng nmethod. "The oéject is solved by the teatures of the
i ndependent claim 1l for the measuring device and by the features of

30 the [nhdependent claim9 for the neasuring_nethod, The dependent
ol aims {0nt 4n FFGEPHer SaETel SBMEHDS o hm CPnUBRIEYE mBaYEr PG oA8vIEEe

for detecti Bademb@ES chlipdek. JR8beRh aall I BRIt 216 ESddevbeeclidekacks
test conpri ses
are meanwhile in use. In order to analyze errors within a
sequence of messages, regular measuring devices display
the messages in list-form. The German patent application
15 DE 102 04 657 Al shows hierarchically grouping the
messages. These known measuring devices though are
disadvantageous, since it requires a detailed knowledge of
the employed protocols for a user of the measuring device
to detect errors.
20
Accordingly, the object of the invention is to provide a
measuring device and a measuring method which are capable
of accurately detecting errors within signals of devices
under test without requiring intensive knowledge of the

25 employed communication standard from the user of the

‘measuring device or measuring method.

The object is solved by the features of the independent
claim 1 for the measuring device and by the features of
30 the independent claim 9 for the measuring method. The

dependent claims contain further developments.

An inventive measuring device for detecting errors in a

signal of at least a first device under test comprises



2 reception means for receiving a first signal fromthe first device
under test, error detection nmeans for detecting errors in the first
signal, display nmeans and display controf means for displaying
sinmultaneously at 5 least the first signal or information within the
first signakreapgtéonomeatet gotredeicritviadf jar £t rsitgrdlgnadi igomhehe

di spl ay neans. Extensive know edge of the received signal is
t herefore n%ﬂrﬁécg§§&FF PG%eﬁeﬁégFPn§r§PFOp§Fef§lR&v RGedQ@<ly, the

di spl ay conpeek RBARS c3h® 3t nURhkOlr1dis3playiag , messpges akadk Least
the first signal ina tine-domain diagram show ng nmessages as bl ocks
each of a | dagphayorraspoddinegnso farddispileyiof shaudtsesggesdydas

hei ght corr ezpapding -9 a.signal. pager during the durati 9o L o the
nmessage,” an or 5lsplaying etect €d errors o thd 'mh- dofvain

di agram |t signkheagbore reasi Hetpessidblie tacdetiesm reghle uecal eneof
errors wwthin the signal. The reception neans are furthernore
advant ageouSiyPday BFaD6 -f EXte8SeVEi Kgouleslgsnd isitgRalresriyedesdngal

devi ce under; st @b re RS EHLRr ng%%%gfair fggg&gt%%ih@e@r%%&sup for

detecting errors in the second signal. i splay “‘control neans are
then set up for displaying simultaneously at |east the second signal
or infoL tg n m%thin the s ﬁong.ZS si gnal ang errors detected i% t he
second Sf gnaPVaSi-A§=tHé HFSE gy SRNEY FRORS BSAFPyGFE: P6H, Pt 1PE
possi bl e togdepest; iwdenesehyRES oPCaRI 1Wakhi Rhad FRSSRgeibhaw het ween
the two devices under test. 30 Advantageously, the display control
means are séfiMgpdPRidi sprayeRg FBOYAHEs el selest esblocyrakaghdof a
nessages of e I l; i.n .sequen di aqr f.or
i spl ayi ng SProrD”GoResTEaN G 52, o onaas 3 e s Y ik 3
Thi s makes htigwénceasieepochainyhecusesiyhadepestrt dardhiggithe diiration
errors L{ th% ngssa e sequence. Adv%nta%eously, the errors detected
by the r oPIdERECRESSage and for displaying detected errors in the
time-domain diagram. It is therefore easily possible to

determine the location of errors within the signal.

The reception means are furthermore advantageously set up
20 for receiving a second signal of a second device under
test. The error detection means are then set up for
detecting errors in the second signai. The display control
means are then set up for displaying simultaneously at
least the second signal or information within the second
25 signal and errors detected in the second signal using the
display means. In this configuration, it is possible to
detect where errors occur within a message flow between

the two devices under test.

30 Advantageously, the display control means are set up for
displaying messages of the first signal und messages of
the second signal in a message seguence diagram, and for

displaying errors detected within the message sequence



5 nmeans are protocol errors and/or timng errors and/or frequency

of fset errors and/or nessage order errors and/or nodul ati on schene
errors and/or coding schene errors and/ o8 bit errors. This enables
the analysis of a great deal of different error types. 10

Advant ageouslipgriohe &tricr madkes ditspivaye@asyriioliicealthy amedrotocacakect
coded and/or pattern coded and/or,shag%$g%%9ded and/ or brightness
coded and/ ofN§i 2&1838&d “An§FEPLEs 1H1 &i SG85e FFENE HSon an error
type and/or as an error 15 severity and/or as an error origin and/or
as an error consequence. It is therefore very easy for a user to

di f f er ent i afevbatweerugilif etdst egrogss deThetegadyr ithg devioge detection
advantaggou%g n%ogg%is%%t%naho errar %Q/d%t %th%n neans far
detecting timng errors and/or freq&eﬁc¢<%f et &P 614 °F h§n§é§§uring
devi ce advamirageeusly ofdRiti 2% odisgiahal/cer mels sdefee Clrider RBaRS sf @hd/or
detecting protocol errors and/or timng errors and/ or message order
errors and/ BPAN3aLLan S5NSEe 8 rorBo A8 OFS raf@rdndc SGHEE s CRERE Ser r or s
and/or bit eniobs. plhese,dedicahed enbon delee! Lon qRans &l how aaery
accurate error detection. vant ageously, the display control “means
are set up Heel3@faddififiegralt] yrdiospltayesg further information

regar di all signals displayed. The further information includes a
bit err rate and/or a signal power and/or a tinme duration of

i ndividual pessagegeWulsii) the tespest hve siigpalsyabd/sempaiti-aey
duration of bursts within the respective signal "4 and/or tine

i nterval s benfden redoageedsndroe/ MifePhétexds sages windion shading

respective si | _ar c ) addi.tional. _informati i
di spl ayed s%ﬁggﬁig%Fﬁﬁ%aﬁgﬁgk%g%%%rngggdgggé %rgﬁgftgggggo g /gndﬁgr
shadi ng plaintext dependent upon an error type and/or as an error

15 severity and/or as an error origin and/or as an error
consequence. It is therefore very easy for a user to

differentiate between different errors.

The measuring device advantageously comprises analog error

20 detection means for detecting timing errors and/or
frequency offset errors. The measuring device
advantageously comprises digital error detection means for
detecting protocol errors and/or timing errors and/or
message order errors and/or modulation scheme errors

25 and/or coding scheme errors and/or bit errors. These
dedicated error detection means allow a very accurate

error detection.

Advantageously, the display control means are set up for
30 additionally displaying further information regarding all
signals displayed. The further information includes a bit
error rate and/or a signal power and/or a time duration of
individual messages within the respective signal and/or a

time duration of bursts within the respective signal



5 coded and/or brightness coded and/or size coded and/or as
plaintext. This gives a user nore valuable information regarding the
signals in view. An inventive neasuring #ethod serves the purpose of
10 detecting errors in a signal of at least a first device under
test. The maasubirnginet hodeceorpsi des weeteineissgga sf iahsl/ oz ghalc hierrom
the first device under test, detecting errors in the first signal and
di spl ayi ng BFRTHPESRelES nthPe§§§p€ﬁglﬁﬁr§ﬂg§?6n§Feo@c#HPHﬁﬁ§€ﬁ@n

wi thin the Theshad3t$banal ia7d #ERGLS d8t aeked ahRd Bemblhskagignal -
Ext ensi ve knowl edge of the received signal iS therefore not neCessary
for detecti agdéprorslor codad exgplrapptértrodicmert ehdi/be isiraehitigon

is now further, 20 _expl ained wi.th respect, to the draw ngs, .n i ch
g 1shbvs GRS EnBOM Ao br GPRERE e IR B ML aLAG GOgrde AnoE OF g
2shows a fipskidekail ohikhgieebod meetr ebrkhealnwent Ve reeasthong
device; Fig. 3shows a second detail of the enbodi nent of the

i nventive nE&§arPAgIdERrcE1IBelEi ¢ Fdkbws a first exenplary di agram
to be displayed by the enbodi nent of the inventive nmeasuring device;

An inventive measuring method serves the purpose of

10 detecting errors in a signal of at least a first device
under test. The measuring method comprises receiving a
first signal from the first device under test, detecting
errors in the first signal and displaying simultaneously
at least the first signal or information within the first

15 signal and errors detected in the first signal. Extensive
knowledge of the received signal is therefore not

necessary for detecting errors.

An exemplary embodiment of the invention is now further

20 explained with respect to the drawings, in which

Fig. 1 shows an embodiment of the inventive measuring
device;
25 Fig. 2 shows a first detail of the embodiment of the

inventive measuring device;

Fig. 3 shows a second detail of the embodiment of the
inventive measuring device;
30
Fig. 4 shows a first exemplary diagram to be displayed
by the embodiment of the inventive measuring

device;



5 Fig. 5shows a second exenplary diagramto be displayed by the

enbodi nent of the inventive nmeasuring device, and 5 Fig. 6shows an
embodi nent of the inventive neasuring nefhod. First we denpnstrate

t he general construction and function of an enbodi nent of the

i nventive nmEagur bng debwicwe wdthb@dregan@lamyngagramAt@n@thgspZayed

Fig. 3, we go into de alk re% ép the tryction.and functi.on.
Afterwards, the functi Ae© 3 i (B VERG 1HEaZGASHS 1RS hod

are further explalnedd@hq&g,Fbgd 4 and Fig. 5. Finally, the function
of an enbodi nent of the inventive neasuring 15 nethod is shown with
reference to Fig. 6. Reference nunbers of simlar entities in

di ffereng fkgare% haveheen par Eb%lhﬁegql%%eQEﬁ gnﬁkgtl%@ ﬁ%?ﬁurlng

enbodi nent the invéentive neasurin evi ce shown

measuring device 1 compth®ses reception nmeans 20, which conprise for
exanpl e an antenna and a preanplifier. Mreover, the measuring device
1 conprises anal og processi ng neans 21 connected to the reception

means 20. The apal,RdRHBEEETHRS %%%n%e%%r%ﬁec%%%%%%%%%%nt%n%5f%%ctlon
anal og-di gi tal -converter 22, which in turn is connected to digit

processi ng mréans 2®b0ﬁhme@¢gpﬁathsroﬁaggtngenmaaguzangrdewan@ewuéa to
di spl ay ans 24 he naI g Rraces an t he di git.al
process} n%gﬁ g gfhg'dgéﬁpgy%ﬁggngEZ %&ﬁé gacwecg né@?@ddﬁ5all
contr ol rreama g3ed2hg Mnree@b@rs,trhmlamab@@ FLeces SnNg AfeaRvazlisar € he

connected to the digital processing neans 23. The control neans 25
control thefPORELPBNCEF thRe MEREMNEGEr SCFdSIENG e RS ST Ingh&edihgick gre

processing @E?@ﬁe%3e§BQalned along Fig. 4 and Fig. 5. Finally, the
function of an embodiment of the inventive measuring
15 method is shown with reference to Fig. 6. Reference
numbers of similar entities in different figures have been

partially omitted.

In Fig. 1, an embodiment of the inventive measuring device
20 1 is shown. The measuring device 1 comprises reception
means 20, which comprise for example an antenna and a
preamplifier. Moreover, the measuring device 1 comprises
analog processing means 21 connected to the reception
means 20. The analog processing means 21 are connection to
25 an analog-digital-converter 22, which in turn is connected
to digital processing means 23. The digital processing
means 23 are connected to display means 24. The analog
processing means 21, the digital processing means 23 and
the display means 24 are each connected to control means
30 25. Moreover, the analog processing means 21 are connected

to the digital processing means 23.

The control means 25 control the function of the analog

processing means 21, the digital processing means 23 and



6 the display neans 24. Alternatively, the control neans can
additionally be connected to the reception neans 20 and then control
for exanple the function of the preanplifier. 5 The inventive
measuring device 1 receives signals of a first device under test 2
and a secondhedevdicelaydaratest?43. Alheseasiigrdlys ttheuglhnarelnaicans can

i ntended for the.nmeasuyri device 1, but for the respective qther
devi ce undeFdFégﬂoﬁ,igY %%eF@P&F@Feghéon§§§uFﬁﬁ@p&éypc@efn@i e n

on the 10 cemamniceati-on Betwaenrphe frhkstruderiice Widehet estedAndithe
second device under test 3. Also a communication between nore than
two devices under test can be nonitored. Alternatively, also a

communi cat i of. _.only.a sinale_device_under, test .can be nonitoaored. 15
The sigral s BF CRE SR ot ia TPe S 2% Ll & CeadEy S4By 1ona T =

recepti on ngarst2@evike necept tertmannhd?@ preeRheCeeyasat hedeeceiesed
signal s and_hands themon_to the anal og processi ng neans 21. The
anal og procéssi'R§SRegAgnal s2Ghpaphorref iotedaisingdes fraqhdgcypeasuring

conversion a9 Lhe baseband apd/ QL 53 rqquuenty, «of %%%C%O%gﬁ%%attie%

etc.. Rel evant For the present invention is that the analo

processi ng Arais Zbefrefolrer mohe debectriekr deyick tlhé isitgnal dnawt pass
the detected errors on to,the digital 25 processing neans 23. _The
errors it eGPRIPEIEG LAY BRAFEE PEBEeLarny NEANS 2P arE 16 teRafBle
frequency othsekeebhar Siedn@eOiintiei @ s@r 3Or 21 s6he bhdfs idatashed by
the anal og processing nmeans 21 are, however, not limted to this
list. Regargﬁﬁge?ﬁempﬁﬁcﬁb@ﬁ &Wot Hevagglsognsiedc éesitn§as0 beeaes izpred.

ot ence ) BTRISaE1g, B1ce S el ol Mooje |
i s digitizedebycehenadeal agsdi gehabecanwdrtioerd22 and passed on to the
! 15
The signals of the devices under test 2, 3 are received by
the reception means 20. The reception means 20 pre-
processes the received signals and hands them on to the
analog processing means 21. The analog processing means 21
20 perform for example a frequency conversion into the
baseband and/or a frequency offset compensation, etc..
Relevant for the present invention is that the analog
processing means 21 furthermore detect errors of the
signals and pass the detected errors on to the digital
25 processing means 23. The errors detectable by the analog
processing means 21 are for example frequency offset
errors and/or timing errors. The errors detected by the
analog processing means 21 are, however, not limited to
this list. Regarding the function of the analog processing

300 means 21, reference is made to Fig. 2.

The signal is passed on to the analog-digital-converter 22
from the analog processing means 21. It is digitized by

the analog-digital-converter 22 and passed on to the



digital processing nmeans 23. The digital processing neans 23
furthernore performdigital processing on the digital signal. For
exanpl e, a denodul ati on and a decoding i% perforned. Relevant for the
present invention though is 5 that the digital processing neans 23
furthernoreddeticatll addickiseialy ercnomss 28i.t Mhe dieisisgnalroccBegandi ngathize
function of .the digital processing neans 23, it is referred tq Fig.

3. 10 After 2padshgerReTE Feraorpr ddgddirhg PReSRSSIBg Che téicgRdgitel

passed on tg@ibhg1di sBl-axBRINS, 24 dadodhgRkayedanuil edRliey the
digital processing neans 23 pass on the information regarding the

errors det epegdctroethe Réilsyeay Weansh4 prasieclt dinygindyont tidéoaghois

al ongsidge with the 15.si.gnals received from:t vi.ces under, test 2,
3. CRegar i nG P Aes i ay tAG BrCCREaLRd: FERTS £3 S FerErrea s GoReGT 4
and Fig. 5. abaikiignal, eardetsailit@fint hecerhogdianenReek idiag rynentive 20
measuring device of Fig. 1 is show. Fig. 2 nerely shows the inner
wor ki ngs of fTHREtaRAl 84 PBhecEIging ImParse2Eingnmeaaspect s 16f ithe

anal og proc i S rel evant to the present invention are
di spl ayed. $%§Fg gggﬁgtﬁgﬁfeédlar signal path of the received signal

t hrough the anal og 25 processing neans is not shown in detail here.

The ana rocessi ng.means 21 cqnprise processing nea 29, whi.ch
The ool RECETovrasaTto thy PO T BCeTrbR Shaads T9a TSt Jarg the SHagal

processi ng ABaRSs32dPehf ebmihie 4aRalag 3@ aRE098S Y diEhe ahRrer
wor ki ngs of these processing neans 29 are of no concern though for
t he present Fupgbsrmene, Théesidgaaltadf prheessdapt nearnsedds PG sofnFitge 1

is provided, I rr d ctig ns 3 | Qng 'tg.si nal s
5”1 Fom sever B CpBErEe e Lg% FRar TP, PRESIORC ne bl Bodesrigy
means 29. means 24, which displays the errors alongside with the
15 signals received from the devices under test 2, 3.
Regarding the displaying of information, it is referred to

Fig. 4 and Fig. 5.

In Fig. 2, a detail of the embodiment of the inventive

20 measuring device of Fig. 1 is shown. Fig. 2 merely shows
the inner workings of the analog processing means 21. Only
aspects of the analog processing means 21 relevant to the
present invention are displayed. Therefore, the regular
signal path of the received signal through the analog

25 processing means is not shown in detail here.

The analog processing means 21 comprise processing means
29, which the signal is provided to by the reception means
20 of Fig. 1. The processing means 29 perform the analcg
30 processing. The inner workings of these processing means
29 are of no concern though for the present invention. The
signal of the reception means 20 of Fig. 1 is provided to

the analog error detection means 30 along with signals



The anal og processi ng neans 21 noreover conprise analog 5 error
detection neans 30 and an anal og signal database 31. The signal

recei ved by the reception neans 20 and s8gnal at different points

t hrough t he anal og processing of the signal within the processing
means 29 i s fpassedveratlo poietanallogoeenther sdenadt ifdrowredirudb. thee
anal og error 10 det.ecti on neans 30 are furthernore connected to the
control meaRsC28§550E §eaps % e function of the anal og error
detection neans are controlled by the control nmeans 25 of Fig. 1. 15
The anal og error detection nmeans 30 detect errors within the signals
passed on t dhtehenadsido® rocess idat asEinen 2leaese®yer ranpdEs e @nddoact

t hese ergor t he anal rror. _detection _neans .30 uses _data.regarding
he_ comini S5 Ean SR Trtayea 1 AL FE. SREEY SionA (AAPAcE F1°
20 The si gna@her @34htailng cfoedmeldh® P roee 3SIdRg tiRAN el s D Passed i@ allo
t he anal og-di gital -converter of Fig. 1. The errors detected by the
anal og err of tdEtddEreR tneeds 50 e ushs $8¢ SRaet e gisgisialg of the

processi ng 234t nFit@e v %%-ggd i |5 gof; %%Rp j t . of
t he inventiggagéésuﬁﬁngndggfcgrl of %i .H%%%% sﬁﬁdﬁ%eﬁﬁ |gghgﬁgi%§e
i nner processkAgdokrtiee diegictcall qur oeessi 3§ .nFhrs 223 lage exhrown. The

digital  processi ng neans 23 _of Fig.. 1 conprise processi nmeans 39
f or per%@rnlﬁgefﬁgopegﬁﬁgﬁ éﬁgﬁﬁﬁ ﬂ&%ﬁﬁ? Ch§. 4% e&&ﬁﬁg&é{ e
processi ng gBarTo39mpemnisonm @ rdempduliat itpR Fng & idecd rtgleofantaf%%g

signal provided by the 9 analog-digital-converter 22 of Fig.

Resul ti ng sPHHEIs dgtechdssedean st @ cheaditgpildye dhdbandhzyg comtriod. means
Mor eover , sbgn%%sgg%_sgyeral points within the data fl ow through the
processi ng neans are passed on to digital error

15 The analog error detection means 30 detect errors within
the signals passed on to the analog error detection means
30. In order to detect these errors, the analog error
detection means 30 uses data regarding the communication

scheme employed from the analog signal database 31.

20
The signal resulting from the processing means 29 is
passed on to the analog-digital-converter of Fig. 1. The
errors detected by the analog error detection means 30 are
passed on to the digital processing means 23.

25
In Fig. 3, a second detail of the embodiment of the
inventive measuring device 1 of Fig. 1 is shown. In Fig.
3, the inner processing of the digital processing means 23
are shown.

30

The digital processing means 23 of Fig. 1 comprise
processing means 39 for performing the regular digital
processing. For example, the processing means 39 perform a

demodulation and a decoding of the signal provided by the



5 detection neans 40. The digital error detection neans 40 are
furthernore supplied with the signal fromthe anal ogdi gital -converter
22 of Fig. 1. The digital error detectioffi nmeans 40 then detect errors
within the signal. For exanple, protocol errors and/or timng errors
and/ or 10 nmessage-aridert adroons caned/ror 2madulFdig.on .S Geend. teigorss gavad/sor
codi ng schene errors and/or bit errors are detected by the digital

error det ecBEEnPASSRE £ trn L& Er sPd yemesns i4ds offuhdd -or,- cover,

digital erranq dateckiroRoiRans Yeas dafAiBli ehe egading.t he Roxed
conmmruni cation"15 scheme stored within a digital signal database 41

al so presenpracelisanghacding B3 ameopessiadg ome dies d2¥1 tRlr eheonor e, t he
digital gro%e%si ng nmeans 23 @0 i se .di.sC Ila contr.o means 42 for

I
control Iing £he i §)BI glfagfs f ‘%esiddﬁfh s% aind "OF i &SP Hde o ©

the signal sar&heudicsielray reorupR iRRARNS 42 theCsiiveaihe e @he delacied
by the anal og error detection _neans 30 of Fi %ﬁe 2. MNoreover, the
errors det eEi8dtBy CREVEILGETLal 2ol idet det IO ME&HS 40 egr@Ipassed on

to the diSph@¥e89@%ﬁ°he@%§”%04%heEh%e%%c%i%%%%%chﬁg%ﬂl gﬁ%ﬂ%i@%éfﬁ

furthernore connected to the control neans
control |l ed Fher eknomleTherditsgldy exantrsola nngars t4diconteralortsheand/or

di splay,of the errors and the according signals in such a manner,
that 30'¢ he™EFFaPS SFEAI SpRRYEd “BYHES MOSHL AAB GF EBRor Eodsy

and/ or pattgha/eededdand/ akhehadieRqd ded a0ed 8F thihghhessLoded cted

and/ or size coded and/or as plain text. By these different ways of
di spl ayi ng bPhetber digitailf parent detest ivypasass d0rolnsevsiern ites or

error origi or..er eq C be depi cted. .Regardin
Che resul U1 HETAP OBl &y ed Shmesactry g Faretrad o b §o rd HG oS,
Si nce the eusessiaferehedbhy regairdied ahea etpabyeid Rottinuexicensione

know ed of the enpl oyed ¢gommuni catign standard it is possible to
determ e t REPABESEGETE6F HesSaged WLOHILA Lt Rd I8Pdn SR EaRFiSEn ddr Fdse

originate fpeEsent within the digital processing means 23.

Furthermore, the digital processing means 23 comprise
display control means 42 for controlling the display of

20 the signals and of the errors within the signals. The
display control means 42 receive the errors detected by
the analog error detection means 30 of Fig. 2. Moreover,
the errors detected by the digital error detection means
40 are passed on to the display control means 42. The

25 display control means 42 is furthermore connected to the

control means 25 of Fig. 1 and contrelled therefrom.

The display control means 42 control the display of the
errors and the according signals in such a manner, that

30 the errors are displayed symbolically and/or color coded
and/or pattern coded and/or shading coded and/or
brightness coded and/or size coded and/or as plain text.
By these different ways of displaying the errors,

different error types or error severities or error origins



10 In Fig. 4 a first exenplary display diagram depicted by the

enbodi nent of the inventive nmeasuring device of Fig. 1 is shown. The
di agram shown here is a message sequence(di agram showi ng nessages
50-56 between a first device under test and a second devi ce under
test. A firstr eessageotsehlensetsr arsinibet eldpfiramd. h®egrcarichgdeiece
under test to tgﬁ,firstsgﬁvice ynder test. This nessage i s not

hi ghl i ght ed 5FR Yamy "Ra L SPHPY & gieltes ithdts RS THESs &Ge FdGes hénd
conprise anyigrrer. A second message 51 is transmitted fromthe first
devi ce under test to the second device 20 under test. Al so the second
nmessage is not highlighted and therefore conprises no error. Athird
nessage 52 i.s.afterwards transmtted from.the.second _devi ce under
Lost t0 TheSTPFSt @BvFCEERaeN t SSE-TTH & IrabeByd ots 20BSet 4 tTove
slightly shatglednsindi cabiwngdgkab ft eeMeaPaes clds cOMMANEES .1 oAb st nldhirst
exanpl e, the nmessage conprises a syntax error. The ensuing three
nmessages 5315518gRPHSaPad editepLEFEITMMIENSHE A9y S@stefledesBRges. Within
Bet ween nes es: nd a I i.ndi.catd atimng error

t hough is d?§%|§§§§?éfhgﬁg§#b§ X%?%sﬁgéghﬁﬁg% ?Eggﬁcknomdedge nmessage
56 has 30 arrived later than specified by the protocol enployed as a
response.to_t he nmessage 55., 11 Moreover, through the different )
Of P [t 0BG FAE obr o S1T5E FEYRIS BUacl OAT HaAG3EM C6RIFLEthn <h
bet ween di f taeeBhbeh Aenty BES taRd 18Rk i$RUKERSurInkN dehvdced o Fig. 1
second exenpl ary display content of the enbodinent of the inventive
measuring dévi ééoﬁﬂ-FlTQ.e flipgrafowRoVWHe € ea i) Re NG6REICR GCaeane69
is showmn. T a i i I r _of-. ury . The
meseages 60 GIRD drenrge e PRI P8 PEGAE TN ate 1geLee
successi on thteughekitmandThe skeoghit defritke ubldeck $ cgar.r @sganditngels@age
t he nes geg 60-66 in this ex%nple kndicates the reception power of
the indf¥i dofl 1ResEag8mIFheS FEOBpIENGN SFGREE FoVictapres $ogdt &6t &
by the anal ¢grekr aevdetechiier Feans 301w Hiskale 1analed hRLPqesSSiRY
15 neans 21 of Fig. 1. For exanple here, the nméssage 61 has a very

| ow hei ght iindRoat Way-aThee Bdaniddept itbatpohds ofsshgendossgeot

Mor eover, t g 2 i epi,ct i aded nner__indicating in
Uhi s exampl SOTRE S Engnar ToS Rt s Erar o Ror SaHe Aoadod™ed o oS

| ow. from the first device under test to the second device

20 under test. Also the second message is not highlighted and
therefore comprises no error. A third message 52 is
afterwards transmitted from the second device under test
to the first device under test. This message is depicted
slightly shaded, indicating that the message is erroneous.

25 In this example, the message comprises a syntax error. The
ensuing three messages 53-55 again are displayed without
any detected errors. Between messages 55 and 56, a symbol
57 indicating a timing error though 1s displayed. The
symbol 57 shows that the acknowledge message 56 has

30 arrived later than specified by the protocol employed as a

response to the message 55.

It is therefore very easy for a user cof the inventive

measuring device to see and understand where errors occur.



20 As di scussed above, different col ors, shadi ngs, shapes, heights,

wi dt hs and additional error synmbols can be used in order to indicate
errors. Mreover, different error types,lldifferent error severities,
different error origins 25 and/or different error conseguences can be
shown si m | apblrgovEear, ekapplod, téer arig felriealt waylsd ofoti nkdead tioganye

further consequences cquld be displayed. in yellow, while errors,
whi ch | ead FS%QréorFGpﬂstyéﬁynﬁéé'oﬁ?rcéGPduﬁ@rd¢§pﬁ&§é&nﬂﬁlﬁéd. 30

In Fig. 6, gatqebadiynertrehit bebhverbive measininy sopthed is shown.
In a first step 100, a measurenent iS perfornmed. Resulting signals

are recorded. In a second step 101 errors of the different signals
are detegcted, Regardin 12 the error _detectiqn, it is referred to
Flo. 5 ahd Brgred P'd ehEehISeREMSEs Y, AL hatNCRa B TorE B t he
accordi ng skgpadsmane dirsphayedvenhfikibameausiry ngRegandieng it e odi 3pliay
of errors, it is referred to Fi%. 4 and Fig. 5. 5 The invention is
linited to EhevBxalfres ShéwAe BESpadnaripIreRe 6i°nientihencad se

e
10 exenpl ar ypeesbgdsnméft$6camebdivpéddyen dmpmadednt ageaightodin makiian.

10 succession through time. The height of the blocks
corresponding to the messages 60-66 in this exampie
indicates the reception power of the individual message.
This reception power for example is detected by the analog
error detection means 30 within the analog processing

15 means 21 of Fig. 1. For example here, the message 61 has a
very low height indicating a too low reception power of
the message. Moreover, the message 62 is depicted in a
shaded manner indicating in this example that a signal-to-
noise-ratio of the message 62 is too low.

20
As discussed above, different colors, shadings, shapes,
heights, widths and additional error symbols can be used
in order to indicate errors. Moreover, different error
types, different error severities, different error origins

25 and/or different error conseguences can be shown
similarly. For example, errors which would not lead to any
further consequences could be displayed in yellow, while
errors, which lead to a corrupt transmission, could be
displayed in red.

30
In Fig. 6, an embodiment of the inventive measuring method
is shown. In a first step 100, a measurement is performed.
Resulting signals are recorded. In a second step 101

errors of the different signals are detected. Regarding



13 Cains 1. Measuring device for detecting errors in a signal of at
| east a first device under test (2, 3), 5 wherein the measuring
device (1) conprises: reception means (120) for receiving a first
signal fromthe first device under test, and display neans (24),
characteri z&tlei ertrbat de@ etclie ampadsdyr iimsg redeiraed( o filrg.her acahtiigsess.

error detection ans %0 for detecting errors in the first .
si gnal , and ndiasgﬁéfdc %tellpoll'JL . a% N &jf)%ep&e ISSpicayi g si P&?@&lﬁiﬂ“@
at |east theilinksk SirgnalisQn alyRoIRieR NMERIR .t R fadsShglehe gnal
and errors detected in the first signal using the di'splay neans (24).
2. Measuri n§lgeide Cdc €6r@irsg té dlsainmferrefatacdd.zdd ang Fhiat-
the dispiay control means (42) are set up for
The invention is limited to the examples shown.
Especially, the invention can be applied to signals of any
communication standard. Moreover, any number of devices
under test can be used. The characteristics of the

10 exemplary embodiments can be used in any advantageous

combination.



di spl ayi ng nessages (60 - 66) of at least the first signal in a

ti me-domai n di agram (69), show ng nessages (60 66) as bl ocks each of
a length corresponding to a duration of i3he message (60 - 66) and a
correspondence to 25 a signal power during the duration of the
nmessage (60 - 66), and for displayingladimected errors in the

ti me-domain diagram (69). 30 3. Measuring device according to claim1l
or 2, characterized in that the reception neans (20) are set up for

recei ving aiseseBd igdalieof %%Ci:o@l@t@%\t'l%% %@@rst a8t A 2igdal Hat
the error detection neans (30, 40) are set up for detectingerrors in

the second segsal a2 dAdstheegiisgl apdeanttesit ngans)(42) are set up for

di splaying shoylbaneausty al. lieast the sqognd signal, and/or 5

i nf or mat? on Wt e Sefond S|gnal and roratdetected in the
second si gnal rusiepgibhemdiaspl aponears 24kivdngVeagulristy sd@via0e from
according to claim 3, characterized in that 10 the display control
means (42) &P $etSkpoegicediapiedyithg tmesssdges (51, 53, 54, 56) of

the first sigpak ggg B3539994G50, 52, 55) of the second signal in a
nmessage sequence” di gran1%59) and for
characterized in that

10 the measuring device (1) further comprises:
- error detection means (30, 40) for detecting errors in
the first signal, and
- display control means (42) for displaying simultaneously
at least the first signal or information within the first
15 signal and errors detected in the first signal using the

display means (24).

2. Measuring device according to claim 1,
characterized in that
20 the display control means (42) are set up for
- displaying messages (60 - 66) of at least the first
signal in a time-domain diagram (69}, showing messages (60
- 66) as blocks each of a length corresponding to a
duration of the message (60 - 66) and a correspondence to
25 a signal power during the duration of the message (60 -
66), and for
- displaying detected errcors in the time-domain diagram

(69).

30 3. Measuring device according to claim 1 or 2,
characterized in that
the reception means (20) are set up for receiving a second

signal of a second device under test (2, 3},



di splaying errors detected within the nessage sequence 15di agram
(59). 5. Measuring device according to any of the clains 1 to 4,
characterized in that the errors detectdd by the error detection
means (30, 40) 20 are protocol errors and/or timng errors and/or
frequency otheekerevrovetacdion messagd30r,ddl)earer Seandporforodul ati on
schene errors _and/ or codrn% schenme errors and/or bit errors. 25 6.

Measuri ng dEGIrEE ARG RAERY

t dRamPCofSCRBP4TRE Lt €895, characterized

in that theigereispang dbsplayedesyabqlibgally apd/ o %lrorjl%%q%qzlng
and/ or pattern coded and/ or shadi ng coded and/or brightness coded

and/ or si zeséodédaardisd yastpllaiantethe3eedopendéanadpemddwrer ror type

and/ or

error consequence

an rror severrE%l%n%/or as an, error orr%rn and/ogﬁ%s 3 14

RERAtIPE PHE neas&ﬁrﬁﬁc evicegﬁff ESMpris&s

error detecthonheearsondOsifpaldeledly RGet dTisRg agr Mebs sand/qr.
frequency offset errors, and digital error detection neans (40) for
detecting 5 protocol errors and/or tining errors and/ or nmessage order

errors and/ gr ﬁ@ggb%&hgn SCHEER 8IS n@gn 01590 RY scheme errors
g & |ce g

and/or bit errors

asuring accordi to any of the

clainms 1 tocﬁara@tehazadténitbah n that

10

15

20

25

30

the display control means (42) are set up for

- displaying messages (51, 53, 54, 56) of the first signal
und messages (50, 52, 55) of the second signal in a
message sequence diagram (59), and for

- displaying errors detected within the message seguence

diagram (59).

5. Measuring device according to any of the claims 1 to 4,
characterized in that

the errcrs detected by the error detection means (30, 40)
are protocol errors and/or timing errors and/or frequency
offset errors and/or message order errors and/or
modulation scheme errors and/or coding scheme errors

and/ocr bit errors.

6. Measuring device according to any of the claims 1 to 5,
characterized in that

the errors are displayed symbolically and/or color coded
and/or pattern coded and/or shading coded and/or
brightness coded and/or size coded and/or as plaintext
dependent upon an error type and/or as an error severity

and/or as an error origin and/or as an error conseguence.

7. Measuring device according to any of the claims 1 to 6,

characterized in that



the display control neans (42) are set up for additionally displaying
further information regarding all signals displayed, that the further
information includes a bit error rate 155%nd/or a signal power and/or
a time duration of individual nessages within the respective signa
and/ or a ti maedumeatsivennef dewrisies (W)t kiompirieesespecti ve signal and/ or

tinme interval s between nessaggs and/ or whet her nmessages within the
respective Si GREILCEr ETACKNOR-EFTERT gﬁénfo(ﬁﬁdtfPﬁéd%ﬁﬁQﬁ%&@aFlmlng

information ig, dibshl anedosy el ealdy 3tdeer ¢olos caded and/ or
pattern coded and/or shadi ng coded and/or brightness coded and/ or

si ze coded andfigritad plraiomt elettec2’ od mdeasur(idfg rfetrholdtfeort idet ecti ng
errors ip a signgl of at | east first._device under t?st %é, %)
wherei n the n¥as Pfﬁ& met 63 E8MpFitsed tHhed §F§8§? L&y SS 9 r st
signal from t hedkirr strrdevi eadyrdencdedtat i38 sclieapl ayirgsatinlegast the
first signal; characterized in that the nmeasuring method further
conpri ses t heCoHdps: SCHENECEILHG T6r RHAL oirn Pilfje SKiCOSES -si gnal , 16

di spl ayi ng sinultaneously at |east the first signal or information

within the first signal and errors detected in the first signal. 5
10. Measuri 8g Netbodiagcdediing tecolralimgOto any of the claims 1 to 7,

10 characterized in that
the display control means (42) are set up for additionally
displaying Zurther information regarding all signals
displayed,
that the further information includes a bit error rate

15 and/or a signal power and/or a time duration of individual
messages within the respective signal and/or a time
duration of bursts within the respective signal and/or
time intervals between messages and/or whether messages
within the respective signal are acknowledged, and

20 that the additional information is displayed symbolically
and/or color coded and/or pattern coded and/or shading
coded and/or brightness coded and/or size coded and/or as

plaintext.

25 9. Measuring method for detecting errors in a signal of at
least a first device under test (2, 3),
wherein the measuring method comprises the steps:
- receiving a first signal from the first device under
test,

300 - displaying at least the first signal;
characterized in that
the measuring method further comprises the steps:

- detecting errors in the first signal,



characterized in that the nmethod conprises: displaying nessages (60
- 66) of at least the first signal in a time-domain diagram(69),
showi ng nessages (60 10 - 66) as bl ocks ach of a length
corresponding to a duration of the nessage (60 - 66) and a hei ght
correspondi Rg diepd agiigigals ipodeandotisly the ldasat ithe dfi rishe sTRgsage
(60 - 66), and di spl ay detected errors in the tinme-domain
dlagran115(6@forTftlHEa§&F% %@?hé&réécéﬂﬂmﬁé e rATRrS Setegted in
characteri zeg. githat H@%aqethod conprises: 20 - receiving a second
signal of a second device under test (2, 3), detecting errors in the
second S|gnal di spl ayi ng sinultaneously at | east the second signal
and/ or on W t.hin thg ecaond S|%nal an err%rs 25 detected in
|

t he seco d élgn Faﬁgfﬁﬁgtﬂgt pﬁg OfEARY Ffﬁ) Neasuri ng met hod
accor di ng t ehalacletrizedhahadhari zed in that 30 the met hod conpri ses:

the method comprises:

- displaying messages (60 - 66) of at least the first

signal in a time-domain diagram (69), showing messages (60
10 - 66) as blocks each of a length corresponding to a

duration of the message (60 - ©66) and a height

corresponding to a signal power during the duration of the

message (60 - 66), and

- displaying detected errors in the time-domain diagram

15 (69) .

1i. Measuring method according to claim 9 or 10,
characterized in that
the method comprises:

20 - receiving a second signal of a second device under test
(2, 3),
- detecting errors in the second signal,
- displaying simultaneously at least the second signal
and/or information within the seccnd signal and errors

25 detected in the second signal using the display means

(24).

12. Measuring method according to claim 11,
characterized in that
30 the method comprises:
- displaying messages (51, 53, 54, 56) of the first signal
und messages (50, 52, 55) of the second signal in a

message sequence diagram (59), and



di spl ayi ng nmessages (51, 53, 54, 56) of the first signal und nessages
(50, 52, 55) of the second signal in a nessage sequence di agram (59),
and 17 - displaying errors detected witlfin the nessage sequence

di agram (59). 13. Measuring nmethod according to any of the clains
9 to 512, chaddebenivied ierridhat dehecerdond tthetheehed mafse apfeotseelence
errors and/or. timng errors and/or frequency offset errors and/or
message ord@ﬂaéFPErg5§ﬁd/or modul ati on schenme errors and/or coding 10
schenme errors and/or bit errors. 14. Measuring nethod according to
one of the clainms 9 to 13, characterized in that 15 the errors are

di spl ayed sypboMeeallryngndiedhocokococdded awdaoy pdt téven cdedsd Endlor
shadi ng odgg and/ or brightness coded and/or size coded and/or as

pl ai nt ext depéndent upon an error type and/or as an error severity
and/ or as aghakrhekehiz@dn ianedh@r as an error consequence. 20 15.

Measuring nethod according to one of the clains 9 to o
the errors detected are protocol errors and/or timing
errors and/or frequency offset errors and/or message order
errors and/or modulation scheme errors and/or coding

10 scheme errors and/or bit errors.

14. Measuring methed according to one of the claims 9 to
13,
characterized in that
15 the errors are displayed symbolically and/or color coded
and/or pattern coded and/or shading coded and/or
brightness coded and/or size coded and/or as plaintext
dependent upon an error type and/or as an error severity
and/or as an error origin and/or as an error consequence.
20
15. Measuring method according tc one of the claims 9 to
14,
characterized in that
the method comprises additionally displaying further
25 information regarding all signals displayed, wherein the
further information includes a bit error rate and/or a
signal power and/or a time duration of individual messages
within the respective signal and/or a time duration of
bursts within the respective signal and/or time intervals
30 between messages and/or whether messages within the
respective signal are acknowledged, and
that the additional information is displayed symbolically

and/or color coded and/or pattern coded and/or shading



14, characterized in that the method conprises additionally

di splaying further 25 information regarding all signals displayed,
wherein the further information included8a bit error rate and/or a
signal power and/or a time duration of individual nmessages within the
respective sbgeal aaddber baightreedsr abden ahdiurstsd 2wl tchided Bed/or as
respective signal and/or tine intervals 30 between nessages and/or
whet her nes§é§é§tﬁFFhin the respective signal are acknow edged, and
that the additional information is displayed synbolically and/or

col or coded and/or pattern coded and/or shading 18 coded and/or

bri ght ness coded and/ or size coded and/or as plaintext.



