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lYaditionalvelocityanalysistxhiqususetin~ 

gatesandattrikutessuchasseuUancetodetectevent 
velocityardzemoffsettinm. Theuseofarecent 
attrilmte,covariance measurewhichisdefinedulm#l 
theuseoftheeigemiluesoft.heaxariamematrix, 
irmmses the resolution intimeandvelocity. Each 
elmentinthecamriencelMtrixisthezerolagof 
thecmsscormhtimbe+xentwogaixsbelcngingto 
atracepairandthereforea3isrslatedtoenergy 
normalized crces correlaticn sum. Accrmriance 
measmecanbedefinedfmnenergymnnalizedcmss 
correlation sum. sincesen&la?K!eandenergy 
normlized cress correlation sum am relat&, a 
omariance measlmcanalsobedef~fmnsees33lmoe 
andisthemst econanicalofthethree~. 

lTN!xOKlJcrION 
semblance, mnonmlized cross correlation sum, 

statistically normalized cross corrxlaticn sum, 
energy mmnalized cross amxlaticm sum (ENCCS) and 
scmotherattriWx3suchasmau@itudehavebeen 
used (Neidell and lkner, 1971) as attributes. 
F&cently,newWhniglieswhich inmm5ethemsoluticm 
of the attribu+xs have merged (Sguazzero et al.,1987, 
Key et al,1987, BiomIi and Kc&x,1988, and Key ti 
Slnithson, 1990). Key and Smiulm(l990) used 
covariancemasuxe (CM) as the attrhte. TIkzir 
assessnent that CM has ketter resolution than 
semblanCehas~thisstudy. 

REVIEW 
tT!%tmblance 
Attrihtesemblancaiswellkxm (NeidellandTaner, 
1971). The signal to noise variahce ratio (or, the 
signal to noise energy ratio) can be obtained fm 
selnblance s thmu#l Em+ = s/(l-s).lIle .square ?xot of 
SNI+ is the signal to noise RM amplitude ratio ( 
SNq, )* 

lized cross rrelation sm 
~YLmalizedcrGcorrelatimsum(ENCCSor 

sinply c) defined by Neidell and Taner (1971) can be 
interpreted as the ratio of the mean (C) of the off- 
diagonal elements inthe%ovariancematri~~ defined 
by Fey ~IXI Smithson(l990) to the mean (A) of the 
elellmtsofthemaindiagoml: 

@variance 
Key and EEEn (1990) have intmhml covariame 

measure, CM. The defi.niticmofCMis 

~ef, = (SIN) PN’ 

HereS/Nisthesi~tonoise~1-ianceratiodefined 
fxantheeiqenvalues(an3i.s d=r=dVW 
tokeegualtoSNF$definedfmnmmnce,asidefran 
a factor which is equal to N,, the fold of the W), 
ardrhoisafactmmlatedtotheinequalityofthe 

eigenvalues. Fhoisdefinedasthenahrallcgarithm 
of the ratio of the arithmetical man (a) to the 
geumtrical mean (g) of the eigenvahes: 

p&l(~) 
9 

(3) 

lheirbasicassumpticmisthatthemisonlyoneevent 
peJTscZLn(cnZ?eventperdataInatiix). Evenifthere 
aremanyevents,atthevelocityofoneoftkevents, 
alloulemareinalrrectlyawed-outandappearas 
noise. Therefom for the amectvehcity ti is 
alwaysonemajoreigenvalue.'IhisfactisthebacMxme 
OfCMandisuIereason for the seaxd factor in it. 
KeyandSmi~useapartialsta~schemandso 
reduce the fold of the CDP (them of rho) by some 
factor, for ewnple 6. Note that a large peer (like 
48) inaUrrJouldgivesericus mmeriail problem;, if 
thepartial shckingrmte isnothosen. Similarly, 
the gecmkrical man of 48 numbers is likely to give 
nmericalpmblem. 

GEIERAUZATICXOF~ MExxmTOENasANDm 

Fbrtheplresiqnalcasethecovariancematrixis 
a singularmatrix andcMcalculationsmaygethto 
trcuble. Ihe stability of eigenvalm solution can be 
&tainedby~whiteIKlisetothemaindiagcaal0f 
theamari.ancemtrix.Qmricuspeakswere&tained 
even after this for data with v signal to noise 
ratio. ThestuIyoftheaxariancematri@s forsuch 
recoxds revealed two facts : a)-there are mny 
negative elemnts inthe covariancematrixdue to 
eitherrandcmnoiseorimmnctscanvelocity,b)- 
splriaus peaks ocmr when there are Very simll 
eiqenvalues. Since, for trajectories aligning the 
sigmltkreshouldmtbeanynegativeelemmtinthe 
covariame matrix, one might choose to zero the 
negative elements before eigmvalue calcvlations (due 
tooneeventasmption,thisismt~).Also, 
onemaysetalcwerbamdfortieigenvalUe% These 
two~ficatiansresultedinsi~fi~~~~~ 
inthe~runs,tichpm@xdthe followimquestion: 
klfratifwereplacedevexyoff-diagmalelemmtin~ 
oxariance mtrix with their wan(C) and Wery 
diagonalelemntwiththeirman(A).Inthiscasethe 
eigenvaluesofthematrixare 

1, = A-C + N, C, &=a,=. . .=a, = A-C , (‘I 

N&e that noise variance u,2 defined m 
amrianoe measure n&hod ( Smitheon a& K"y, 1990) 
~equalt0A-C ardsigndlvarianceU,m 
equal to C, ardtherefo~s/Nbecams 

S/N = -& 

whereC+/CiStheENcxs. lhisequationhaetheeam 
form as the equation used to define SNl$ frun 
.?&JlanOe. TheariUxmticalnmnoftheeigenvalues 
iseqmltoAandthegea&ricalmeanisegUalto 
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( (A-C)Nx-l (A-C + N,C) )* . (‘j) 

T!Erefore the ratio of the gemkztrical nmm to the 
ariti-msticalmeanis 

1 

( (l-c)+l ( l+(N,-1) c ) )$ 
* (7) 

campares thevarious attrihtes fan on Figure 3. Note 
theqmxnessofthesmbhnceard~~contours. 
'Ihisisduetonoiseand44nstimegate.Alsonote 
that SNR and semblance are naw almost the same 
resolution. lbisisduetonoise. Hc%ev~,usingany 
OftheCMmElmJxs increases resolution because of 
rhofactor(pmzrusedis8). 

CONCWSIONS 

This ratio goes to infinity for gocd signal (0 l), 
and goes to one hen ttiere is no signal (c = 0), aMi 
is mostly rieeded for velocity resolution for pax 
data. Secoti factor in 4.7 dces not exhibit xmch 
sensitivityto c (duetorootN,)andcanbedrcpped. 
Then, 4. 7 ccmld be appmximt& with Y(1-c) 
fortherange(kc<l. Andrhotecomes 

pmln(-.&i . (8) 

Notethatrfiogoestocascgoestozero,therefore 
takingitSN,thpacser~~cMcdlculationbr~hi~ 
sensitivity to c for noisy data. 
sincesenh1anceandmccsarevqc1osetmEldl 
other, rhc corresponding to semblance could be 
obtained frm here by replacing c with semblance s: 

For high SNR, high velocity resolution in CM is 
mainly due t.oSNRtennhtnot due to the use of 
eigenvaluesperse. ForlcwSNR, theresolutionams 
from the factor containing rho. me to CM'S 
relationship to crosscorrelations, a theoretical CM 
can be cbtained fm ENaS without solving for the 
eigenvalues. sincemocsarxls&hnc!emasurevery 
muchthesamequantity,cMcanbecalculatedfmnthe 
semblance aswellby replacing EKG with senklance, 
alluhcj us to generalize the ccxmriance measure 
function to semblance as well as EKE. Ckiously, 
semblance is the mast ecormnical. BDthmCCsanl 
smblancecalculatesignalandnoiseeneqyateach 
sml.AslongasweassunE thatthere isoneeventat 
each trajectory ti devise our formula accordingly 
there is no extra benefit derived fran eigenvalue 
technique. 

P-In(&) . (9) 

IndeedthereisnoreasontoinsistonN,asthepawer 
in CM. Asmallnumberlike8mightbeencughto 
replace N,. Asiqler fonnof CMwouldbe 

CM= (S/M p8 (10) 

I thank Cam Wason forsqgestingthe studyard for 
variousdiscussionsduringitsprcgress. Ialsothank 
EaveMonkfor helpfulsuygestions. Iamgmtefulto 
Halliburton Geophysical Services for allming me to 
publish this work. 

FlEFFxmcEs 

It can be used for all three m&ha%, eigenvalue 
technique, ENCCS ard semblance. 
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SNF$ =1600 i.n44nrsgatearcundtheminpeak,tims 2 
set, velocity 2700 m/s far offset1400 meters, 48 fold 
CDP, signal and noise bard pass am 10, 60 Hz, time
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obhinedfmnsemblance,thm?differentcMvalues 
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tomiuoathedimensionofthen&rixfmn48to8. 
InDJccSandse&lanceruns48tracesareusedto 
calailatethesenblanceardBJcxS,yetnmber8is 
us& as 7 of rho instead of 48. 
Note the inmsdiate gain in velocity resolution by 
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tenporalexterdoftheeventinseInblancean3EN(?cs 
which is due to 44 ms gate length. Slightly larger 
teqxxal extmd of qis c.rqxmd to other a%s is due 
to 0.1 percent white noise add& to the covariance 
m&xix, before eigenvalues are calailated, ark3 can be 
mde smaller by using a smllervalue for the white 
noise. 
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Figure 3 is the same single event with scane band 
limited noise ( SNF$=l in 44 ms gate). Figure 4 
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1 

Figure 1, A single eventwith aveq smallanmntofnoise; ,=2.000 s, ~2700 m/s, %=1600. 

offset (meters) 

I 
Figum 2, ~i~OfvZU%us attributes for a sirgleeventinFigure1. lkiporal gate length=o.~4 s. 

SEMBL ENCCS SNR, CM,, cMeig 

velocity (meterdsec) 
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time (seconds) 


