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it is noted that amplitude data will typically be in a 16 or 32 bit format. Conversion to a 2 bit equivalent
(00, 01, 10, 11) is a particularly important aspect of the present invention with respect to saving computer
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- 50 Consi dering for the sake of illustration waveforns [err] and [err]
illustrated in FIGURE 2, a quadrant assignnent will be made for all data
poi ntﬁévfor waveforms [err] -and [err%rggbi ﬂtﬁ‘erant assi gnment may be as
illustrated in FI GURE 3. where a dat s ing a positive anplitude and
a positive slope is assigned to quadrant zero and given a zero value, a

data poi nt sRaYd R padiBbell bR @Mbihatde and a negative slope I's assigned to
quadrant 1 angusio¥ihich Qh e\l to rAald alcBadpit BsighAdtt twthadstsgatts tsrew@gre.lnrstnwe
and a negabhd/f:; R as TGRS TheSdaBSbindid 8skuhéy Buadi@pdintd, and given a two value
and a dat apiztand gAirg: @theeaatigre anplitude and positive slope is assigned
t o quadrant A3 zaHd g8y k aitnbhiaee val ue. It is noted that anplitude data wl|
typical |y ke i< sad #6-) < Btheial =for mat. Conversion to a 2 bit equival ent

(00, 01, 1@A kDand pahoza0thecQl &rd y | nportant aspect of the present

I nvention with respect to saving conputer 3 - EP O 169 321 Bl tine as wl|
be descri betleranre fully hereinafter. Equations which can be utilized to
make a qoadré&nt SFsaopludeeeidata goittHdledaBabipoi nts of wavefornms [err] and R32
are as fol | ofs. Tramplitudeof feiprvicksdateswinh@@ion3g bide data point 1. If [err] O
and [err] 0Qt he qgadrant gssignmert of dateppint 1 @blind [err] < O then [err] = 1 If
[err] < O and! Bapeqd that e ﬂPﬁS‘F?"L@F'ﬂ'}mWS?TI the fata pqintscarp made| o ek gart of) theyempigms =
3 wher e 10 speciiigdjny %‘ep 1. They QloyiRo #erscrre acqemplshediior gt particglar park Howgyer, it is
anpl i t ud@ EPrerHEPGSFIRIG AHRNA! 3?‘%(9 [9dnake a pYagrapiassignmsnt fgr gl datp points at tha sape fme.
assignment of data point 1 (2 bit) It is noted that the quadrant

t t d t hat t of th f
Speci T g ﬁmﬁeﬁtﬂ'@&@@% Fol | owi ng steps are acconpl i shed for °[ Eit
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W ndow | engérb ta H0abkisetondd BncdXbe sechridi fioecion odilisedeods ta 2000@illisacbhids SWindowd awel assignad
| engt h, 3 ¢ slidesied adriians ghthe wavelaums. havi ng a 6- second durati on woul d be
divided into 60 increnents or wi ndows. Wndows are assigned to the
wavefornms to be aligned. As an exanple, for a 100 mllisecond w ndow

| ength, wi AYRERIPMRHINE assigned fromtime zero. The first w ndow for all
wavefornms would be fromtime zero to 100 mlliseconds and the second from

100 ni | I¥Fsecdifirg "‘f"bs‘?‘@tﬁ agpin If‘{ré BRI, "'“W"’H%\R&" Fvefouns sy ?P'V:g?B' %wgn resr)ect to
desired por“"tel"étf‘?%b yad G\%lz H%s phase gh ple of t pligg rate.
fml 1 er
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shiN-red wi Sﬁo?lgl E g?ef henb eq“aiﬁn? ﬁhas r ﬁ in onF
Shi ft i 5,pig ﬁ-ro§ rpé'k{ it At

wavef or m’ [err shr respect to vvave o m

mlliseconds or |n other terms 1 data poi nt position erther | ef t or right.
The first shafgicomparebRrred to as phase shift position 1. Additional shifts
are referred ro by firghier nunbers and can start at the maxi mum phase shift
positiongsi N oer #6 débiréepriabed shifbiB thati®) IR valle bI3igndatp @tk béintdi df @AHHOWD N obwavérerm [
el i m nat e tih@mpereditotthe TR Gldighes o tidta PéirtacF wvinGow Dof Blefor PR bl 26Tata points
After the desindord, lsatesiis édntinued uraitiiata dolne25va vindovasiet waveitmt B, dadompired Widatd
of w ndow Jpoiof 28naweridow m pfewaviforms ReoWpreoved forowavéfenmy Bd: Ue oees Shegsepd ther intladias
poi nt 1 of windewld¥or faveformmBeef orm [err] Assuming 25 data points in w ndow 1,
this progess I e aedEnivalue assianpd todiataaoipol eftwagionn iRswis wdehio thef auadrapt velfioaspigned
[err] is cdéngaaedntd of gavelempBiantherns value ofif fechddedito g fcorvplaliert tofelnYiipregess ipicontitugd 1
f or wavef oifth 9l pmparisans dipieen Heta paifte until pefinpingogrpigtion teid foy witrow 11'sf'B?°“Wa%f@f e m
[err] 50 comparigqeof daimenind A% WH?"G@’"&@%“@P%W%%’Q’E wavpfihRtsz1 of wavef o

[err] i S e uatn lanrqpﬁge élﬂ'P%lri't‘ gorgy?r Ypge code which may be utilized for the bit

mparison and termmatron of a correlatron totHl is as fol!ows

SUM(1) = SUM(1) - (Qt(1) = Q2(1))



to data point 1 of waveform R32, then a value of 1 is added to a
correlration total. This process is continued for all conpari sons between
data haints until a final correl ati ogppagsbof@f W ndow 1 is reached after

t he conparison of data point 25 for waveform[err] to data point 25 for
waveform [err] An appropriate equation in BASIC conputer |anguage code
which may be utilized for the bit 55 conparison and the determ nation of a
correlationwheeal is as follows: SUM1) = SUM1) - (QL(1) = (1)) 4 EP
0 169 321 Bl $#¥Mdike SBIW&?'aﬂonfBﬁb%ﬁh@IPaﬂioomtot al for shift posr tion #1 QL(1)
2 bit quadr@Hi) val GeHitsuadirnt valygder deta goint 81 ofpaveidromin | err] 5 @(1)

2 bit qiradra%ﬂ) vaI G Hitspadiant yalug dor data paint ofvoemrﬁqaél 81 c%

@(1)) is a bi% &f&ﬁh'ﬁ it mpdgegyality stalgmpt which deldssa vabw\rfév dan 024313'@115:!
and Q@(1) are not eq , Or §fse Wipldga y1;valpejithe left gnd right yariqbles pREAYaLf ¢ and ri ght
vari abl es are equal . 10 6. REPEAT STEPS 4-5 After a correlation total for

shift posit i ey m ned, waveforns [err] and [err] are again shifted
W th resp%cb%@aéﬂ—d& as in step 4. Step 5 is then repeated This

process Lﬁacom&% ﬁq'e%%tn't&al%g@ 84&%% %ﬁ‘Jd @&Jr}fw g d Aaz Cﬁﬁm ﬁf@

coul d be Ut't e%ﬁ’d G«P%Pkr'r pse s4‘1ift§ vP‘i Aa

for w ndgy @beélﬁilizgt@ é&!@npﬁ p§<4’anc|:§-fo éﬁ Qrex%ﬁse] stiftsdy follows
SUM K) = SUI\/(K) - (QL(J) Q@(J. K)) K 25 where FL

positional shift for window 1 LL = I ast positional shift for w ndow 1
FD first data positi®R KoF F@onéﬂatr on 30 LD = |last data

position for correlation SUMR g = ppCes 1@ ation total 7. SELECT H GHEST
CORRELATION TOTAL FOR WNDQW 1 35 The highest correlation total for w ndow
1 is determined after all c%mr(@a’tISH%(K)ora(‘B(H&\FeQBé&K)derr ved. The phase
shift which resulted in thiNgxrighest correlation total is then noted. It
has been found that this plr]%ign%hift will result in an optinmm phase

al i gnment of waveforns [er [err] for wwindow 1. In a further

enbodi ne® of the invention, the above steps are repeated for additional

wi ndows. 40WRe™® REPEAT STEPS 4-7 FOR ADDI TI ONAL W NDOWS After correl ation
totals for wifldow 1-&%9%@9*&&%%@%? al | desired phase shifts,
correlation tgtals a O%Lt ablished for all other wi ndows for
all desired pfiase shif adation. o rel ation total is then used to
det er ni nd’ the Si re(!xa r';r °rf “bach wi ndow. In another embodi nent of
t he met hod, a correTa? could be established for all w ndows for
phase shift 1 before addrtronal phase shifts are made. Also, the bit

compari son b Qfe gt ithiR6PWBRAAUTON RTAB G WAk 13 correl ation total i
derived fypr each—wndow  —56—— ABASHC—conputer | anguage code which

coul d be used 1he h@hdeOBaMolatidh SRIFBISwifkioR 11 1§ d@Smined kAl cotialion totals have been derived.
The phase shift which resulted in this highest correlation total is then noted. It has been found that this
_ phase shift will result in an optimum phass alignment of waveforms Rg1 and Raz for window 1.
N In a further embodiment of the invention, the above steps are repeated for additional windows.
40 ‘

8. REPEAT STEPS 4-7 FOR ADDITIONAL WINDOWS

After correlation totals for window 1 are established for all desired phase shifts, correlation totals are
45 preferably established for all other windows for all desired phase shifts. The highest correlation total is then
used to determine the desired phasse shift for each window.
in another embodiment of the method, a correlation total could be established for alf windows for phase
shift 1 before additional phase shifis are made. Also, the bit comparison for all windows couid be made
before a correlation total is derived for each window. - -~
50 A BASIG computer fanguage code which could be used to accomplish. steps 4-8 is as follows:
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EP 0169 321 B1 FORL = FWto LWFOR K = FL to LL 5 FOR J
= FD to LD SUM (LK) = SUM (LK) - (QL(J) = @(J+K)) NEXT 3 NEXT K 10 NEXT L
wher € FW =-first wi LW ' = | ast

wi ndoW FL, LL, FD, LD, SUM.  are as pr%ﬁ\é’ﬁﬁ%‘ BLfined 9. OUTPUT PHASE SHI FTS
20 The thus determ ned phase shifts are then output for use by other
conputer prograns as desired. The output phase shifts can be utilized in
comon depth point stacKPRJ &f Fetwel®rns [err] as previously described.
Al'so, the phase shifts gpy e #tido £8d | n other applications such as
corrections for changes_in velocity of near service nedia which is
generally referred to afO0Reh FhER it9glBorrections. 25 EXAMPLES The fol | ow ng

exanpl es are presented sofa,khes skl gsihal i@ o ' ntion. Since, in
some of the 30 exanpl esﬂé}wg'correl at?ﬁonbof @E&%r egg%{&’zvention will be
r

conpared to a conventio osscorrel ation, ‘crosscorrelation wll be
briefly described herei NEX® @ . Crosscorrelation is a neasure of the
simlaritwvy of two sinusgidal waveforns. The objective of crosscor- relation

is usually to quantify tHE &Zmount of phase shift (time misalignnent)
between two waveforns as in the present invention. Crosscorrelation, which
is well knd®geto geophysi ci sts, assunes that when the 35 product of
anpl i tudes of Wi ndi vi dual daf"8'W¥Hts on two waveforns are naxinized, the
best corPel atl ) sséjgfen % 8RS wnriay ﬁ}a le 1 40 In FIGURE 4 there is
i |l ustrated b\g"trﬁc 1 SRS Pevanly 9'5’@25 have been aligned so as to be in
phase. In the lower portion of FIGURE 4, a conparison of crosscorrel ation
(XCOR) and tion in accordance with the present invention
(AR ig S?H&HJL%YHH_AS g&ﬁﬁA is the percentage of matches obtained for the
posi tion of tHig s AeBnireh phak sAfEale tnadn BlibdvRr usk byl dineft BonfalRr PgraRE s deldifda, BB D
a convent i Qiglt ghhSHfe LhLhAlliedd iR RoHsHEHRYoint Stadidih 3F WaVioRRREVEH a8 prbOISidy
mat ch.  Thusiesci¥daDNAIRY, @eeshbdetshitte @iay Ibb ulizedin ABE biipAdaBori RadheasadohHNORér dhlinges in
traces 1 aRglochy af nebdbefiich ARGIE whibh &igensadiyRfenbdh ap dbdtiicBingcorBdliods, trace 2 was
phase shisfted 1 data position to the right. This resulted in about 90%
mat ches for crosscorrelation and 75% mat ches for quadrant correl ation.
Poi nts to tEXaMPLE$ht of points B and C of the XCOR and QCOR curves of FI GURE
4 represent further phase shifts to the right for trace 2. Points 50 to
the | eft of pBierfollogingfexaniples xBOResantbd ATORherLilluptsation ofthe drventior, hFifcesint l9me pé the
| ef t f ordot reaameples. ik tchrelation ot thetriesentdevention withee pesmrdateg e &| coaventionglfcraspromefptioph
are pl ot t egrogacoreiaion il be brghly pesciibed ireirefele traces. As has been previously
stated, anpl i?‘ﬂifé""& fiop ip @ n of tn uptﬁmté(_oiyo(ﬂlnuygabquefpmsnﬁp_objectwe of Crosscor-
Cr osscor r el 8#HoR# YRl tq,ayapth; e é?‘l‘ firne, G‘?a'!?ﬂ@?"t?vﬁﬂ"‘l?eww["rwz?{ énaﬁhg

&

i i . O fhes s% ists, ass
o T S ST A Lk T e i

55 signifi CBRT%Y8Png in conputer time was realized because quadrant
correlation requires only 2 bits of data for each data point. In addition,
simle COMyL ke Processes (bit equality tests) were used in place of nore
conpl ex processes such as nultiplication. For quadrant correlation in

accordance W jiriduie 9668 Rluskdleans ir8s 1 GRNR ThekacsORNS! beth iafjhed b8 t8BY inlpRase.
decreased aQn tHeN6we? pd@ibn 6 FIGURE 40a bbrdifisdnfor GrRSFRLeMtibrD (XCORTBndOquadraltitoReIioR in
321 B1 accordance with the present invention (QCOR) is presentsd.
Point A is the percentage of matches obtained for the position of the traces illustrated in FIGURE 4. k
45 can be seen that both a conventional crosscorrelation and quadrant correlation achieved a 100% maich.
Thus, both procedures result in an accurate phase alignment of traces 1 and 2 at this phase shift value.
For points B and C, irace 2 was phase shifted 1 data posifion to the right. This resulted in about 90%
matches for crosscotrelation and 75% matches for quadrant correlation. Points to the right of points B and
C of the XCOR and QCOR curves of FIGURE 4 represent further phase shifts fo the right for trace 2. Points
60 to the left of point A of the XCOR and QCOR curves represent shiits to the left for trace 2 with respect to
trace 1. The horizontal axis of the graph are plotted as the phase shift between the traces.
As has been previously stated, amplitude data is typically in a 16 or 32 bit format. Crosscorrelation
must utilize amplitudes and thus must work with these 16 or 32 bit formats. Thus, while crosscorrelation
achieves the same resulis as guadrant correlation under the circumstances Hllustrated in FIGURE 4, a
55 significant saving in computer time was realized because quadrant correlation requires only 2 bits of data
for each data point. In addition, simple computer processes (bit equality tests) were used in place of more
complex processes such as multiplication. For quadrant correlation in accordance with the present
invention, computer computation time may be decreased on the order of 1/2 to 1/100 of computation time
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required for crosscorrelation depending ubbh“the data volume and the
conmpyter hardware and software. This savings in conputer time is extrenely
signyficant when it is realized, asE'p(:ﬁ gﬁnsprevr ously stated, that
general ly 25%to 50% of conputer tife I'zed in processing seismc data
I's utilized in phase alignnent 5 Anot her advantage of quadrant

correl ati ogquived for cRERDAéIatoR dEFAGIRE Abdnthé tidtd Nolinfe hridethéRérRpulde hbvaivard QR@ YorfvardM
a peak val s sdlingdif campéléraiie iS @xtreRleR sighificaPt!hed it i Irdalidet PdsCiths ibBer-priststy 4taftd,
opposed t OthithgeneralySZBeD o 50% | dtdoMpPuterUsine utfiipsdl it précebsingSseiiild HAANE Lizee InOpHase
poi nt B). digarsentror e abr upt decay is desirable because the peak correlation
val ue whi ch RAeqiitee sdvahisge it quadrant Thizataios Wit tespest oeresseoneigiion| iy trebehora @tiruptodecay
guadr ant clanr elpadki \@lve dmthejayadrand sormlatien curvedilstraterdpin RIGURE 4 /p bbrosetttoriits gesses-
will be noeletdneuivy (doint Gdt significantly beld® painl Bk This mb® absuptdsicay 9 dapirahiecbecausg the pak
f r om Fl GURRralatien ¢valygy whigh reptesents eptieumi rifase| ShifiHe nore gniapely elefined oy cqradrant geyrefstiem
di st ort ed a9 s Ip3p spesiyetospurjsys proplinde N‘iﬂﬁédﬁ“'eh?tm%ﬁ)f“l‘leil“&t@‘%i“@ﬁw &nd
crosscoftel ation curve are again illustrated in FIGURE 5. For the quadr ant
correlation cur ye, t he hi ghest nunmber of matches occurred for the alignnent
|IIustrateEi‘351‘-B_él GURE 5. However for t he crosscorrel ation curve t he

B oo o ek Ccu” HE 35 ali Sl ERURES, 8R! Bl Bl 155 156
B.Thus, el gkg ol %r atess ks .r‘str

20 0 ai ffs Fo h eqt erwrtra s St ..Jsrraeoor
mor e per i OiFUNEEE Ha rosscorréé r.l At gtﬁse rara&mea as shifted

conpri si NGork pSsitoh &Pe th at 3f us; %&&é’ﬁo@wd&l&é i jed¥fac pfﬁ@é Hfgﬁméd? a
first part of a first sinusoi dal -1i ke waveformand a first part of a second

si nisoi gal -1i ke waveform wherein said data points are equally spaced
apart; (b) assigning a quadrant value to each data point selected in step
(a) for satididsi rst waveform and sai d second wavef orm dependi ng on the
position of the data point on the waveform wherein a first so

quadrant vhl dembodissi dpteerdining tiee dlssse usAlignmenio beteesp Ol tdr oTorevipetiodic avefotmsy ef
anpl i t ueee andinesoldaidike fore seitl oyethod wimprieingithesteecdnd quadr ant val ue is assigned:
for a positi onfahselasting pounlity ofdatarpginistinid rstieet o a fistrinusedal-ifegysueformifiad @ifirst part
t hi rd quadr ant ohaseeradisiqusgisaliise weyelory. wherplp seid Faim peits #re gaysiisperafcPaitipl i t ude
and a negat i vehpsigaing aquatiel @lua tpach dats prind seletes it stonyielier said fisst sipvRiREm apg;faidy
posi tion with ?Pc wavelpen Sagending, ge “E’nQPs‘éP s‘ih? |d9‘é pgpbﬂ’efhea‘?‘ﬂﬂe r"‘@P’ﬁ'“s%r irgt

val ues #e con?‘@ d"al“ﬁ ’szaﬁiggede 3 %?8 Ana positive amglidpcgnd taé 'twe
selecting a re g@c her { lgn P?ﬁ“‘ﬁﬁo"‘?:l'hrfvé’l ?)2{19 ﬁmv}i uamp:trUd:
first partsdof nd;fne tw?e% ngaa e%:ﬁafo Va, ? negative
Spmaun sl DE,H&%d ngg %ncpggepec |rs vvavefe(?rjm Ry dpcrent

shrftrn% sard
a

first phase s htc gelecf}r% a respectivé t ﬁrﬁémvbﬂge Hﬁ?e ti?net?ﬁtérvéﬂ R 5@ st et BesafSid aned

to the first dalgnddRivBlormis) wﬁé?ér said Wibiowd daﬁ’tQingle'quﬁaﬁtb%f thbrdﬁ{a ﬂ&ﬁﬂt@ejeﬁ&mi 5rpst$;he
2-bikt quadrant gyal ue assigned to the first data point in said first w ndow

for~3aid s eCcong) Y Liabesdnl Ivhvbrh Wit Akgbef th 654 firtWaS&torfbyfd firdt @hasa tsmifel | sh a
first carrel at (epBonvilinteihe \WbR IqBidRant Gdib dsbigit t€ Gbrfiest dhth Pointvialsale fitsaaindowl for sid
value if the csfearveomioae B quadtbil eslueaseigred Ua the Sistiddteaning inssidding windowiter said
t he conpar ed qesdidawdvelva shtited dy asaid ditst plaps@ bhift Woestablish a fifst Forrelatioravaluagwhereipsajide)
for all data ptstdogelstiontvalinbas 4 fitstyaliielif thercompanpdgiedvardt grlueszireloduak and hagy sdcondm
and sai d seconurlugdithd eamparsh afiadeadt talpes &rp dotfeavalt phase shift, wherein each
data point in Seprpatinorsiap (@ldore Grtappists cenigingd égsaiddirsh wineay fé‘si?&ftﬂ?" Ngiﬁ P aHE
in said secondssgerFeraypiaim shified Dy vaie gt Bvase ehiff wheralp ieagh ‘??EI RPE’%'"e‘étd twgr?&&" i%h
steps (e) and FgMPateq 1o coIspRoaging datapoit InSaid seqony ayformy §|[ 3 d |
wi ndow for sai {9 pymraipg 'r'P&’é‘%’atE’H P’?“fes eStBb"Shed n s"?ﬂﬁ)(e)ra%@é? Pﬂﬁ’" it ?H?'at((’a)va ue
wher ei n di f f er &p#® er fial NE
%Yn{'ﬁn w rem e total

total c8trelat brrpc%r‘%ggps gg‘&”‘f"gi? ?ﬂ;ﬂgﬁ%g%’ aé‘g?ﬂ(pﬂ; th

m sal i gnment bgar‘zgrm R sa% seéo grvgs th& phase éal\ﬁam or m Inn ald fll'

first w ndow. I'haccordance vvrt aml addrtronally

conpr i si ng, t e, SHEP 10 bodbBicd wif) iskth epﬁdc‘t’@ 1 @)mﬂ%? the b &F Fagdatht

subsequent vaa"giwsse@t;ng & SduBibalent Wi sr r%d ?e fo &ifdrbnt dafts %ﬁh frrst
first Wavef O and'sd S64oRE a\)@%\’rﬁ aRd Wh &defilon of B8pd @P®] fof LiREle fwirkib @S
(c)-(h) for QidkChand aMbrRHR¥R df @Rk didal rlﬂ'ﬁ‘enﬁI S&tﬁéem sﬁﬂtﬂré? Rnd becoREwBRAES for

m sal i gnnment eggrvw%m aSddridd td diffstenBiiifts SERNAvaraESf or ms for each wi ndow
assigned to different parts of said vvaveforms 7
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EP 0 169 321 Bl required for crosscorrel ation depending upon the data

vol une~and the conputer hardware and software. This savings in conputer
time ks extrenmely significant when igpped 84 g£€d, as has been previously
stated, that generally 25%to 50% of conputer time utilized in processing
seismc data is utilized In phase alignnent. 5 Anot her advant age of
guadr ant corequited tforcomosedotrbiatios Sipsantiing Opanrites datod volwheadndaite emnplutee hardware arialr sofivare.
decay fr om #hipeaxigs il apmpiter tinkeeis guteechelyrsignificant wheatit io realizad, a8 has besmtprevicesly stated,
FI GURE 4 asthepgrosaly 855 tih§0%r ssmputer timel uifiizednin quiecessing reismic @td is ulilized in phase
si gni fi cant pPigmertow point B). This nore abrupt decay is desirable because

t he peak Tor r AAneltar dvaptape ef qyatirent coeqiations with tosrest tormmsrqoielation dhihd tmdres alent decay
uni quel y def’?’hé(fef'bYa‘Lﬁu‘aﬂ\eeﬂﬁ'ﬁd'%P‘Pf afion @yve diatrateg Ip FIGUREA a9 enpoeedity the pipsscel s
anmpl i t ude nted %9 °é.'§’°\ﬂ?°f'\‘ Ciiesignificantly belew pqint Bl This mpiegbiupt desay g desirable beepups theprak
2 Traces 1 g %’"f‘ia SQPtsa?F@m e shift is mpee; uniguely, definey for quadrapicorgiation
trace 2 has g gss Aoy ?f°e§‘.?"r s amplitude ilse aét“""ﬁ’@l"??fe flly "}lés'ﬁﬁﬁ%i’d? EfAPled r el ati on
curve and®crosscorrel ation curve are again Illustrated in FIGURE 5. For the
quadr ant coErehIEtzl on curve, the highest nunber of nmatches occurred for the
alignnment i rated i n FlI GURE 5. However for the crosscorrelation curve,

the highest V@Hraldé‘s P%%ﬁ&.ﬂﬂ%ﬁ@ 4l u&@&d kiGURE 5 HdefP abd Dfhsttler diforted
712 B e b o ket il s it Lt et il (A ERURE
al i gnment . gGofdngiqliirah ﬂgy mdiin@ét%ﬁ:ﬂ%d? of Yatinds oRUASEIONthe Qilghngm%rated
bet ween t WoinGIGURE' & HBﬁévbD b @ho WA EORIIAMBN Blirve?Bre highest Vel HREuktBY whanktRics BB shidd d
net hod conpérieSiosighniidie Bheps. Tis, cnﬁ&l:or&&h&ﬁ&duﬂ%s@ltﬁ'aUés@'aéJubéthhaQadﬁ@rmﬂﬁt' nts in
a first part of a first sinusoidal-like waveformand a first part of a

secqnd sianusol dal -1 i ke waveform wherein said data points are equally
spaced apart; (b) assigning a quadrant value to each data point selected in
step (a) foClamg d first waveform and said second waveform dependi ng on the
position of the data point on the waveform wherein a first so

quadr ant val-uéd msthad gor iniog dhedptage ialignmbudr betwago dwa joomovs périogic pawdfering et
anpl i t udés and sigussisilriie ensseépetho@\mném the gersofid quadrant val ue is assigned
for a position ¥ s¥pectingbelraity e daiprins injefintRat of slirgaainuspidaliike yavefor anded frstpart
third quadrant Vfaﬂ §?5°"F§'"55§§’P'd‘h%ﬂa"19’8’i‘“ ¥h ?J% F?‘qWWW’%WE'@éP?G\% WA i t ude
and a negative @"‘5918 q\#ﬂ‘i‘@f“e‘iawe I(%?éor s§‘d é@%‘f’ ﬂfé'ﬂ‘ ?"Sr"a‘%l

position with a?f';s
val ues af® conv8PCEN ‘fa e "t r §W% ﬁ POS“'V" %’f' g; sm"e
o

selecting a res ' ;f}w 0 iawls%?on q I|sn:ss1gn f@% {:ﬁ %P 2 ngeﬁ@%ve amﬁli%dde

first parts of a negative

gflo 8

contain said pl % d aﬂp\h ﬁﬁgfﬁl&e gRoaﬁ nt quadrant
shifting,said s vvave orm vm respect to sal | rst vvav

first phase shi {4 selﬁ:ﬁhg a respectiv JirsCRRIRA dvét Ghel 3o fimb inkenAHBASR Yrst YartsUs? sé‘i&ﬁrht@ﬂ@d

‘to the first dabgaoOkdVbtolns, Wibrdh sdid WihdoMe REHM Sd plarditeflof thé Bdta \eamefsaédedtw sbpe
2-blt quadrant wgl ue assigned to the first data point in said first w ndow

f orgai d second (dyerigisinsedtnd vadioly witreshedtits Sid iRt daRforh by & filsopiasd shit | sh a
first cowrsel ati @)camspathgy thevoh gudtradBvatlie fassighbd &Ohe GdstdiatzOpoint ad sl Hrstviralod ifar Sdid
val ue I f the cofsiavaeeioroua theatit quadrant sali@rassighgd tol theatirst datapoiat is edd firsit wiadow dor lsdid
the conpared qusstranvaveiaimushited be seid firsephase shiftt establish a {ivs)) correlptivatvalng whereip s§ie)
for all data pofimtcorrelgien aklveckisiarfirst slep if the cempared diuadrdnbyalugs iarg olial snd kea rebeondn
and sai d secondvaaichorompand ivaduntypluesgrginet pqugk phase shift, wherein each
data poidt in s #) rapeptingsten (Bhiesfall fiate painty ennfainpdi seid firgt wiegjop day ﬁ@ﬁ Hishepvefermang 6t
in said second &0k ‘!‘.‘ﬁ"’ﬁ‘? fted Byeid, §’s*a?hPsec-°t5‘F‘r E"Peé‘i"f Eﬁ"?“ \?QPF feiat ip §‘i' F.‘)"P‘i "!?I‘i@%f'“l i
steps (e) and (F H"‘E?dé%i pé’PF"!S’ datiPgin & g [ f kS

Wi ndow for sai d m ues B%abhshed in steﬁj e? gﬂé {o qﬁa Ig[\ ébcgal (:?j‘ ©! atuar)value

wherein di ffere

ol Ne total
ol ot a;);aﬁman? v§°°8 z.,é el i e U b
first wi ndow. 2. X@% ?’ﬂj‘o | n accor ances Wt c al m 1 addltlonal |y
conprising jhe SbGty B adeSBSRE IWAR RinFRSadd anaﬁ)hlom sing the stéﬁh@fr ﬁb&tl@e&%d(cﬁ(ﬂ)d
subsequef W QAR RBERd NS LWREGuehNwilic il £t68 %) tio RiBfolont Siris SRisBld first

first wavef or Ra@im A aid S6coRTwSHRT Qfdm«lfé% %&m& b ¥eapk Q@-@? ifdr| dHBreflf wisdoR®S
(c)-(h) for didsirifte MidheiRuin o b phsse Innsau&aﬂ\eﬁ&ese%ea Bad fireNandseddn@ walbRERs for
m sal i gnment  RednwieBw Sstigled toldfifereAtpartSatcaIt davemwed:or ns f or

T RN 0 A




each wi ndow assi gned to di fferent par't's of “sai'd waveforns: 7 EP 0169 321
Bl 3. _,~A met hod in accordance with claim2 wherein the phase m sali gnnent
between all of said first waveform said second waveformis
deternined. 4. A nethod. in accor dar%ng\]ﬁ#@é‘al m 3 wherein said first

wavef orm and sai d second waveformare 5 si nusoi dal -1i ke wi ggle traces.

5. A nethog i 1 Lt Clal I |

Cime length [gronat it daaRab it D My e Buad bibalanfil MARGF AR of 34T 1B
and wherein at |least 25 data points are contained in said first w ndow 10
6. A nethog i meHed indae6r8antk tWith Glafd &) vineldiNCdaRil fistSmtivélorini dndtsaldl SBELANSalEIR dfe
time | ength Gfhusth@rike Wighle Fhdski seconds. .7. A nethod in accordance with claim
6 wherein said first quadrant value is 00, wherein said second is

quadr ant V&l vembthodih, acodnanes withsadind 1t Whereth spisiaiblst aniridowsahave a tigve 1éhgthriol thatvemgeioh
sai d fourth cbaud5amilisecindwetoi about P00 Gillisconudst dnd dvhenain &t least 8% da® peints hre chutaimed in
wherei n the fsaidditst windowe of said first correlation value is 1, wherein the
second val ue of said first correlation value is 0. 20 9. A nmethod accordi ng
to cl ai m 16wHemethed inhaecprdange wihhicleim Givihereinrsaid first yindews; hpge B tiiedenotit oftakput 100
correl ation vefikfo198 t he phase nisalignment between said fi rst wavef or m and
sai d second waveformin the |ven vm ndow, sai.d phase s |ft resentl ng the
opti num shff tA F‘?'Imdﬁqﬁa%c&“ E of Wherein Ra(d, drst pyad rant ?2 %'S‘Plsﬁ'ﬂ§e nd

Pr oc~dd "bour ‘1‘! Hods 0 é"h B'Bﬁ?;{ ihjd auadrantvalys if 10rapd %{e'as Wt Qupqrt valigds o

davant age de Yorne ressenbl ant A une si nusorde, ledit procede corrprenant

| eas tapes,CoO nt
de donnge % %r%fétﬁ%ﬁdzin ac td rfc':% f\i:vﬁggzlflm “ﬁl)terér? hgﬂs{ \%E]Q%¥ ?a%nfﬁstg% e‘a&l rﬁlg %gl é%%nm S
a upe sipusof de et ans une prem bre par?l e d une seconde forrre d' onde
ressenbl ang, g Hgfod hAbeRd 4 ciaifQ Lvﬁasih % ersthm Wien FONRER 1RPRGheRSRRERaIsM N | @
nmene di st ancegué m@&ﬁaeé: al.gflmem\s il WaeHidRh landedid | 830HA WibEHN .ﬁlaecb@emee
sel ectl onne daRewRdPR%e AN rdpRYsnt dgaﬂé Bammﬁqesnhhfrsha‘sasuﬁanm SRt wabiodddi t e

seconde forme d' onde en fonction l'a position du point de as donnee
sur la f@rnme d' onde, obt une valur de prem er quadrant est affectee a un
poi nt de deevetidicgtions une position avec une anplitude positive et une pente
positive, oft une val eur de second quadrant est affectde pour une position
avec une amplRréoddiepguo déteriminer et dépireage entree dews danhes/dignde périgdigues/e davantage de forme
troisi bme quaessamilant 3 unefifuseiden iedip prasédd nempraneittes dlepesceusistant2 anpl i t ude

negati veeet unda)séentiennacegtriuftiude de aints de donapedans dee pyereitre ipartie d'yRsaiieraipre fume
aff ect ee pour @isedeptsssemblent hyes: sipyseida @t dans une pranidre pare digam secpedeciormer@onds
pents positi ve fessamkiast 3 wedginugoide, Qilpssily RoiMprdopnga st pspaess de layagme fistance;

6qui val ent es déb)cfﬁm’aﬁ? valouy °B|Gl“§°'ra @) chagye ot %H‘Eﬂ“é%?ﬂ?" E?rf"@\s é?@"n@ P
respective sur ‘998 H‘ﬁ‘?\?relfi’ff'@rqﬁﬁf’? ts%‘i??f? ?ﬂ"@% ’ltd%s
des prerffere etd°'§'8 a'e qep '%t 'E"ée

o}
ladite mul titud arﬁ gg J% e(agn:?nearnosn ré: Sgrgj 8{8e anamﬂ ?(’eggeguteg vb ou une
(d) d~cal er l a@ali % fﬁg ép uvl;e rr \%c u mB a e etfugngma
d' onde par % at g %ng? afbc2uine
bits affgct e Hhpktids st.vgoa rune %a;arrse '@n eﬁaa ten EralRy "
| adite premerg f@(en@s 8&nta 4 @tsva eur e qua ant a 2 bits affectee au
prem er point Qa ARARARr aélgreh@% foRatR REPJebVE slieBahdn RBMAIe! RUieinBs BAS MickRs
forme d' onde defepiés phties A6s premisre dt@B¢dndd fofiiBs RFondk] Pl RSABE fonbtted cAnthrRAY ladite
une prem bre valuiide 86 mtsrc%fdaﬁde@laehoﬁ&mbs’a\d&ﬁ mtpe eyl bre val eur de
correl atson pr ageBéar ke otk infe Wahddlar GpportdSiadia lp@ihidte dene(ixmds patun promier
conpares sont eggtesgeet pr6sente une seconde val eur si | ee val eurs de
quadr ant conpanee®mpaerskniiepade quaiiesh I bijs aflégéd ey plehist apiet e Yomeér darsdadite
l'es points de demise ot g bditapremBadiime dunderh ds ealdue dé tuadrapbo2 tits difectse au
premi ere forme pemisdeintde dopngedensSestite pemifeipiflie gouw ledite ageands BEmqytiondp détiige par
preni er sdephas dagé premier déphasage afin d'établir une premiére valeur de corrélation, ol ladite premigre valeur
de corrélation présente une premiére valeur si les valeurs de quadrant compardes sont gales et
présente une seconde valeur si les valeurs de quadrant comparées ne sont pas égales;
(f) répéter I'étape (e) pour tous les points de-donnée contenus dans ladite premiére fendtre pour
ladite premidre forme d'onde et ladite seconde forme d'onde décalée par ledit premier déphasage,
55 ol chaque point de donnée dans ladite premiére forme d'onde est comparé & un point de donnés
correspondant dans ladite seconde forme d'onde;
{g) ajouter toutes les valeurs de corrélation établies dans les étapes (e) et (f) afin d'établir une valeur
de corrélation totale pour ladite premiére fenétre pour ledit premier déphasage;
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55 QU chaque point de donnee dans l'adite preniere forne d' onde eat
conpare & un point de donneo correspondent dans |adite seconde forne
d'ondg; (g) ajouter toutes'|ee val eugp odgg@af B¢l ati on 4tablles dans |ee

6t apes (e) et (fl afin d 6tablir une valeur de correlation totale pour
ladite premere f'endtre pour | edit prem er dephasage; 8

LEUEY 11T 11128 rénéter Jes Etapes! (t)-(g), olEfesGigRsa@esdifSien{stspnt apgliguésdabsd$tape @h el les
(d)-(g), oO des vdleyrh als moresiatioli fofales obfenyes pow chaayd dédpbasegecdonaent leGipipeage dhtreeladiteo
| es vai eurs de oW frmedondsehladis sensndarforers disods dapshiadiie ramhidsh teséige donnent
|l e dephasage entre Wadito prem bre forns d onde et ladite seconds forne

d' onde dahs & abieedsé selemiappyandication 1. sompyenapt enmut: Bitape sansisient & répéiordpriftenss ().
1, conprenant “'Eﬁj??cé"df ferel té'&ﬁﬁq“%tfeaﬁ’#e'&“’% it @ffectéag, dansyl . ‘t(S‘a{)é @ps partigs

_ de f '%Fé% P %?“F%P‘i ‘@d?“&* il f%ﬁ“Pé‘fo f @piition
(0 Saor s e G e %2 A e 4 e
seconde forme s(?ﬁ%ﬁ'ge é(f""?)‘bd P'gjer%’ﬁr SolRE St p%é’ei S %‘W d°Sd'tes rmes
di fferent®s feh@lTes se tradU| t par I a deter m nation du d6phasage entre |les

t
premiere et ge ﬁ%q%ﬁ&grr me oy E\%; a:psl:%%g { b o ofifts 56 1dbnd!GramRA e
revendi cati on 2, dans euel asage entre la totailte de ladite

premi bre foyepgdeRBdaoria rla»%na.a&:al sto@néisqlleaﬂa:{eeprmag Ao B%Jseetqaaﬂ@d&coﬁo%tfmme
deternine. 15 a-&,deeér@es‘sqac&%%s#@s&n@mmnsa.huseﬂe dans Iequel ladit
premere fornme d onde et |adito seconde forns d onde sont des traces

agi t6es resgenmibasad sdlonl ML revénakkatRdn ¢ darde. ledtiePRSHitSs HremRRAs | fehatréyy B dinG 6 ads 1a
dans | equel | egatiniecaliaftr Petivicn &8 hifiRGoides 3 Glirohl 260 AillsERNIEERE ol au GRMERS pbihe e
d' envi roreo50 ndidnhdesestendats dane fadity @emi2©@nttd. | | secondes et od au npins 25
poi nts de 20 donnee sont contenus dans ladite premere fen6tre. 6.
Proced6 sel &n Pracédévelordi omeridisatiob 5. demm teaded tperdites bremidiies éenéires onti e dwréé d'advirore N0
~ont une duree niliiseppdesn 100 nil li secondes. 25 7. Proc6d6 solon |a

revendi cation 6, dans loquel |adite valeur du prem er quadrant eat 00, dans
| equel | &8i e Rragsdé) selery lagevendietiopué (lepm leaust ladity valeyrdyspromer qpdrant st Q. daqs degrel
du troisiene oadigrasy ddsecondauadrap st} e lopuef lagitervalewy gy Gofpienae, wpduaptaskiPeet dans
quadr ant est 1'iq“°§ad'tpt”ﬂ?:‘"ﬂﬁq%a€|é5'ﬁq\‘ag'ﬁ“?a?fbﬂdl catlon 1, dans |equel Ia

prem bre val oug ad te corr t]

| equel |a sg'co "e"é ?1] q% eé'hef’ed@'e '? E%;’SW f’é"?)"
Procddé s&l on e°95?1 r%agﬂeg%e (?g?]eva ?%’6’8’8’5#&2‘53&" ?’Besu ‘te de

la val eur tgta.':rs 5%& Haun iduePb 83 e ui Js6i SPUBAISBP Ll St

| adite prem br qadﬁee&g ergeon e
donnee, ledit d nﬁ&r ge r%,
d' onde. 3§ AnsprUche 1. Verfahren zu st m"rung der asenabwm chung

zwi schen zwei odor nehr peri odi schen Vel | enfor- 40 men von sinusartiger
Form wobei adggGéere Ver fahren fol gende Stufon unfasst: (a) Auswahl einer
Mehr zahl von Datenpunkten in elnemersten Teil elner ersten sinusartigen
VWeNLénf or m andvdriahrel Ae estiniudg ddcihHasedbbindichuhip@wisehan 3wei e midhe) petiot\édhbro Wellunfat-
wobei di e Dat emgunok isiusadiper | Foam detsei Hinseg Verfabrae folgddaie tStufeh uenfagstor dnet  si nd; (b)
Zuor dnung oi nes (Quéwsahi t ainevvMshzatf fvon | Datdegunkiem inSpigeme ofsten  Telill einhir corstans sigusartigen
Vel | enf orm und dWellenfouel und Inj@inem ersten TaNesirierrfelienainusrstigenWellantorm, Depbeliia Patanpinkte
Abhangi gkel t voryorfinandepis gleighen destanphangeprgimiRiods auf der Wl l enform wobel ein
erster Quadr ant dPhPidnunp ¢ipas Puadespiganerie U jedendp ﬁ@feli@sfp& q’%ﬂ%we"@'?f??@r“"d die zweite

posi tiverf Ampl | tVERfé"f?m‘da”éQqWé?'te deerpupldin dphén Qh‘? "°’é Fer Pagid Date"p""kts auf der
Quadr ant envert & tf‘ d"ﬂa’t”@? e'f fyad Ftﬁ'.’!'elsﬁg' Tl "E”‘E PW |"l't hp°s't"'e:
éarr![ol | tUdEt u][l d en&'% £ V?n g ?’v'éeﬁ \'T ‘gframenweﬂ

enpun S I EF% E r sine Po :E ml ene & a d L ainer NS %ven eigung und
g?g;lp\ljﬁk 0 ]E E/'r g%n&e m§ Qtenwe e‘ n Am litude und
posttiven Steig H o é nH1 gf’e en un e‘YO § rte | n aqU| va eLrllatdgnten-

2- Bi t - Quadr ant ch Aﬁ%& peuh@%&ﬁ@éﬁh&n%feﬂ%nstﬂﬂbm%he %"ﬂﬁi&rvall flr die genannten
ent sprechenden ee?sietne'fbllg%gs beBBrS uhdd SheltelR Wellnint. Wb Qiid FasBY M8 VielZaRI dof Infstute (a)
genannt enger st enudRirftedl BdterPlrkienmbtiee; zvel ten Vel I enform wobel die Fenster
di e Viel zahl derg)lversShishuy der)zwien Wellenform RUSS@RMEINérstenWEIRhAP U I6ine eRtFRadehR,;
schisbung;
(e) Vergleich des dem ersten Datenpunkt im ersten Fenster flir die erste Wellenform zugeordneten
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(d)- Verschi ebung der zweiten Wellenformin "Béiug zur ersten Wellenformum
ei ne erste Phasenver- schiebung; (a) Vergleich des dem ersten Dat enpunkt
irn eisten Fenster fU die-erste W geordneten 9 EP 0169 321
Bl 2- %I/t Quadrantenwerts nit dem daénégﬁfssgég‘ éatenpunkt i mersten Fenster
fM die zweite Wellenformnach Verschi ebung um di e erste Phasenverschiebung .

zugeor dnet en 2-HituasastsrakEMREh dord Brsih MRBNRMR IR Brstoh Forilsinl G5 SWENs Welldhiorm
ermttein, WODQacHNREMBLUAY SinQlidHéid PhaaérivaEchieBing z64e0RRs BiEtLaMbhitnweR Snt diden
wenn di e ver gl i gedtennmolelibasifort iy AWREIA, GvoBdi Riceét Bdtd) Rortdlatbnewenedined \dRich eriVifisitzt,
besitzt, wenn diean Gie verglichenste Qddradieavanid (Riehd§ue RN EiRdNL AvelidnC Wert QlesiiziC e 6id;
(1) W eder hol ungrgiithenebtQuédranfedyvertel ichBgisich dindche Dat enpunkte, die im ersten

- Fenster flr di df)ewisdetholldd IdenBinfenteliiid shifutiictebi . Batenpunitioe dierimt e@rsten Fenster fiir die erste
Phasenver schl ebiglignferar ud il tienen dieweistecPhiishlesnliighung erscinbbriecmeits Wellenfovolzmihalign e
j ewei | i gen Dat eindumiiped dien jedveifigesnr Batenpuniisl Inedérmrmrmweﬂmfmennielemspragtshlscmmn
Dat enpunkt i n diatenpunitiin dey 2ygiten Wellanform vesglighanterdeaniner den: JO é
Sunmmenbi #dung danfumimenkidungsépiighesin dea ﬁt@ (ehuund (f| grpittalioniKowalgtionsyyerts zur Ermittlung
Kor r el at i onsweréines Sgsamikomglgtionsyardp T des grstedsestar Ks fle ersiet Rhaseavpesehiebung pndi e s
erste Fenst er f(h)rw'ﬁﬁ’eémb‘ﬂ% fler Wé@n\i@r WQbH ‘E‘F?[ﬁ‘i °d"ETﬁ(f hesgyverpphinbunas i AgtStufe (d)
Stufen (g) - gevﬂﬂﬂﬂﬁé'ﬁ'dﬁ\é@r%q%ﬂld&fp'i digyigwed baserveraghle ‘B‘H‘ﬁg@ﬁe'?'ﬁteﬂ sagther-o
(d) angevvandt ol gﬂ% pRenabypighupg Fwizghen %\Rﬁfef‘l PIM9BR LBE ARF et ARy
abgel ei t &t en Gég'f Posr &9 3'?| onswerte di e Phasenabwei chung zwi schen der

ersten Wel en{, hdﬁg\r Z tdggl }g OB 1% d ol £ (fert te%r .
er geben. 3ng 1 ° g eiit!; iﬁufﬁgagb e hd‘g féf&‘ o g‘;&zwﬁ;‘eﬂ?ﬁfm

{c)~(h) fit
f ol\gendeg Fen §§chi'eﬁhc r%tego QT gfs Q%eﬁém?c' gW@@c i S SRl oty ir

Vel | enf or m un@eflGfomt Y jbded FdRd t re sO&dﬁ‘ AR AGERRRN TORINORR WHNShiONRGE bugdbrnet ist,
W eder hol ung Qﬁibt Stufen (c)-(h) for 20 -unterschi edliche Fenster die

Ermttiung der Phasenabwel chung zw schen der. ersten und zweiten Well enform
fM jedes Rengérafiren dah AhSHrudhng, Giobé Riec PasdhaBwbicharigl AbcibR de ke Wellshfbar und der
zugeor dngt i Skweiter Wollebform3ermide@lt Wiehr en nach Anspruch 2, wobei die
Phasenabwel chung zw schen der ersten Wl |l enformund der 25 zwei ten

Vel i enf or mder Wertabred hachiAnshruch .3, Welief eshsichrbendar lersien Systientdnm 3nd dup beciter Welliniolm bmi
der ersten Wesiheafiger Schwebdngdepurenhendeien Wl | enf or m um si nusarti ge
Schwebungsspuren handelt. 30 S. Verfahren nach Anspruch 1, wobei die
ersten Fendk eNershie nEeh Auspich T wobrir dis erstenoFenglen\aing Geikdaner | imeRarpieh HorHpie H0ua
200 M || i sekuNiisskupdenvitly stem 39R dMilligssenden yfpisancynd reakeit iy erpipmh fRnstee indosiens 25
Dat enpunkt e eRetpRrakaerdplieg sind.  Ver f ahren nach Anspruch 5, wobei die ersten
Fenster ei ne Zeitdauer von etwa 100 M1 i sekunden ?5 auf wei éfn_j.

Ver f ahren_ rfac HORIER e APrUtlb e MoRfk Fio e Mt Plsh FlAEF vobBf= dEY Mplgeipeen
Quadr ant Enwer B ger dritte Qjadrantenwert 10 und der vierte

Quadrant enupr o, YGhd BB H6 or-nel BELp Y 51, S
\é\fg\iegesKoﬂilt gtl(@%%f%%%?‘g% 's‘f'e{' 'Ag:n nach Anspruch 1, wobei 3i e

Phasenveps Céﬂ QLRGN nsbh AnSHRRR how&ai &P e&ewﬂdse biseh RbrteRichirdrts 196#igPina vﬂb& der

Phasenabwei c %m%@&&eﬁﬁ&mﬁﬁﬁgmswb&%ﬂ ormund der zweiten Wellenform
I m 45 gegebenen Fenster ist, wobei die Phasenverschi ebung die optinmale

Ver schl ebung ibranidh AadiRs@RAS wobid 615 PHAGMARENAE, 68 fier REzAstelGebralbriolati w5
ergibt, die Phasenabweichung zwischen der ersten Wellenform und der zweiten Wellenform im
45 gegebenen Fenster ist, wobei die Phasenverschiebung die optimale Verschiebung flir die Phasenaus-
richtung der Wellenformen darstelit.
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