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     H ig h reso lutio n 3D n o n lin ea r inte g rated In V G rS !O n
*
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          A b stra e t : T h e h ig h re so lu tio n 3 D n o n lin e a r in teg ra te d in v e rs io n m e th o d 15 b a se d o n

   non linear theory . U nder layer eontrol,        the 109 data fr om several w ells (or all w ells) in th e

                study area and seism ic traee data adj acentto the w ells are inPutto a netw ork w ith m ultiPle
              in P u ts an d o u tP u ts an d a re in te g ra te d ly tra in e d to o b tain a n ad a P tiv e w e ig h t fu n etio n o f th e

           en tire stu d y area . In teg rate d n o n lin e ar m aP P in g re latio n sh ip s a re b u ilt a n d u P d a ted b y th e

      lateral an d v ert iea l g e o lo g ie v ariatio n s o f th e reserv o irs.T h ere fo re ,   th e in v ersio n P ro ee ss a n d

             its in v e rsion resu lts e an b e eo n stra in e d an d eo n tro lled a n d a stab le seism ie in v e rsio n seetio n

      w ith h ig h reso lu tio n w ith v e lo e ity in v e rs io n , im P e d a n e e in v ersio n ,  a n d d e n sity in v ersio n

see tio n s,          ea n b e g a in ed . G o o d g eo lo g ie e ffe ets h av e b e en o b ta in ed in m o d e l eo m P u ta tio n

    te sts a n d re a l d ata p ro e es sin g ,       w h ieh v e rifi ed th at th is m eth o d h a s h ig h P rec isio n , g o o d

P ra etiea lity,       a nd ea n b e u sed fo r q u an tita tiv e reserv o ir a n aly sis.

 K ey w o rd s: h ig h re so lu rio n , in teg rated in v e rsio n ,     n e tw o rk w ith m u ltiP le in P u t an d o utP u t,

   hy b rid in tellig e n t leam ing a lg o rith m

Intro d U Ctio n

       S eism ic inv ersion has beco m e the eore teeh nique fo r

 reservoir Predietion (X iong ,  2006) and as develoPed
        fr om d ireet Inversion to m ode linversio n and fr om 11near

  to n o n lin e ar in v e rs io n ,     50 th e P re eisio n a n d re so lu tio n o f

    seism ie inversio n are greatly im Pro ved.

        In o rd e r to im P ro v e th e re so lu tio n a n d P re e is io n o f th e

 in v ersio n se c tio n s,     m a n y stu d ie s an d g o o d re su lts h a v e

 b e e n o b ta in e d ,    su c h a s m ax im u m en tro P y d e eo n v o lu tio n

  (M E D ) and autoregressive reeovery (A R ) (O �denburg

 et al.,   19 8 3 ; W alker an d U lryeh , 198 3 ), m ax im um -
    1ikelihood estim ation (M L E) (U rsin and H olberg ,

 1985),  B ayesian estim ation deeonvolution (B E D )

(L avielle, 19 9 1),   and generalized linear inversion (G L I)

  (C ooke and Schneider,    1983).T he tyPieal com m ercial

 so ft w a re is G 一    10 9 o f th e L a n d m a rk C o m P a n y . F ro m

     late 19 80 . there w ere the ban d一 eo nstrain ed in verslon

    (B C I) technique and various oPtim ization algorithm s,

       the tyPiealPaPers inelude the B C I m ethod (Z hou and

Zhou , 1993),     the strata inversion m ethod (G luek et al,

 19 97 ),    w ell eo nstrained strata in versio n (C a rro n an d

Sehlum berg er,  1988),   stra ta m odeleonstrained inversion

(B rae , 1988),   and m ultiPle Param eter constrained

  inversion (M artinez et al, 1992). T hese m ethods
      im P rov e the resolutjon of aeoustic im P edanee in vers io n

       fr om d iffe rent asP eets and a lg orith m s an d redu ee the

   uneertainty.Ty Piealsoft w are ineludes Seislog, Parm ,
Strata , C C F Y, I一5 15 , Jaso n,  an d 50 o n , w h ieh h av e

       P layed im P ort ant ro les in the exP loratio n and P rod uction

o fm any fi elds allarou nd th e w o rld (X iong , 20 06).
     In th e re sP e e t to n o n lin e a r in v e rsio n , e h a o s fe a tu re s

       o f se ism ie tra e e s a n d e h a o s e o n tro llin g m e th o d s w e re

  diseussed by U lry eh (1999), Ya ng (1993), and L i(1999).

       L 1 and A n (2002) described a ehaos neural netw ork
 in v ersio n m eth od ,    w h ieh seleets the P ro Pe r stran g e

      ab sorb ing fa etor by ehang ing n etw o rk P aram eters and

     M a n u seriP t rec eiv ed by th e E d ito r N o v e m b er 7 ,   2 0 0 8 : re v ise d m an u se riP t re ee iv ed M a reh 3 , 2 0 0 9 .

       *T h e w ork 15 suP Port ed by the K ey Proj eetof the N ationalN aturalS eientifie F oundation (G ran tN o.40839909).
    1.K ey L ab of Eart h E xPloration & Info rm ation Te ehnology, C hengdu U niversity ofTe ehnology , C hen gdu 6 10059 , C hina.

     2 .C N P C C h u an q in g D rillin g E n g in e erin g C o m P an y , L im ited ,  S ieh u an G e oP h y sie al C o m P an y , C h e n g d u 6 10 2 13 , C h in a .
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      H ig h re s o lu tio n 3 D n o n lin e a r in te g ra te d in v e rs io n

  re a liz e s g lo b a l o P tim iz atio n .

          It 15 w ell kn ow n that 10 9 data h as v ery h igh v ert ieal

reso lutio n ,    w h ieh ean re fl eet th e fo rm ation s, litho logy ,

      and Phy sicalP aram eters v ery near the w ell,  b ut its extent

       15 v ery lim ited .Seism ic d ata has low er v ert iealre so lution

          b ut its sP atial extent 15 m uch w id er a nd ean b e used

     fo r sP atial eon trol. M any seism ic in version teehn iq ues

      c o n stra in ed w ith 10 9 d a ta h a v e b e en d ev e lo P e d , w h ic h

      integrates seism ic and 109 data (L ietal., 2007:X iong,

     2006).T he high resolution 3D nonlinear integrated
       inv ersion m ethod 15 eo m P osed o f an adaPtiv e G enetie

   A lgorithm (G A ) (W ang and C ao,2002; G oldberg , 1989;

W hitleyet, 1990),     a m ultiPle inPutand outPut adaPtive

      netw ork based on a fu zzy infe renee system (M IM O -
  A N FIS)(Lietal.,2007:Jang , 1993), and the Ta bu seareh

algorithm (T S) (G lover,    1986) under the constraint of
      10 9 d a ta . T h is m e th o d e a n P ro v id e re se rv o ir in v e rsio n

      seetio ns w ith relatively hig h reso lutio n and P recisio n

       and can be u sed fo r quantitative reserv oir an aly sis.T h is

       m eth o d ean so lve th e Pro b lem s o f seism ie in version

    n o n u n iq u e n es s a n d in v e rsio n e x tra P o la tio n u n e ert a in ty

w ell(X iong, 2006).

     fu n e tio n s . T h e g e n e tie o P e ra to r in e lu d e s a se le e tlo n

  oPerator (or seale oPerator), chiasm a oPerator (single

  Point ehiasm a oPerator),  and aberr anee oPerator (basie

   aberranee oPerator). R unning Param eters eonsist
  o f sP e eies size ,   n u m b er o f te rm in a tio n ev o lu tio n

generation s,  eh iasm a P ro bab ility Pe = 0 .4 一0 .9 9 , and

  aberra nee Pro bability Pm = 0.000 1一0 .1

  M eth o d a nd te ch n iq u es

     In this integrated reservo ir in versio n m eth od , an

  adaPtive G enetie A lgorithm (G A ),  m ultiPle inPut and
      o u tP u t a d a P tiv e n e tw o rk b a s e d o n fu z z y in fe re n c e

system (M IM O 一A N FIS),    and the Ta bu Seareh algorithm
      (T S) are integrated into a hybrid intelligent learning

        a lgorith m w h ieh fu lly ad oP ts th e ad vantag es of the se

    th re e a lg o rith m s . T h e h y b rid in te llig e n t le a rn in g

         a lg o rith m 15 a k in d o f ro b u st se arch a lg o rith m w h ich 15

     an im Provem ento n tradition al hyb rid alg orithm s.

 G A in t卜    e hybrid inte llige nt lea rning a lgo rithm

       T h e G A alg orithm 15 an iteration P ro eess ba se d

      o n a n a d a P tatio n fu n e tio n w h ie h im P le m e n ts g e n e tie

       oP erations on sP eeies ind iv iduals to re alize a stru etural

      reeonstru etion of th e sPeeies ind ividual. In th e iteration

P ro e e ss ,     th e sP e e ie s in d iv id u a ls a re o P tim iz e d a n d

       g rad u a lly a P P ro a ch to th e o P tim u m so lu tio n s. G A 15 an

  in te llig e n t se a rc h a lg o r ith m ,  w h o se b a sie o P e ra tio n s

 in e lu d e se lee tio n , ch ia sm a, a n d a b e rr an ee . T h e refo re , G A

       has the eharaeteristics o f ro bu st ad aPtatio n an d glob al

o P tim iz atio n ,     w h ieh a re la ek in g in o th e r a lg o rith m s . G A

   eon sists of eh rom o so m e eo d in g , ind ivid ual ad aP tation

evaluation ,  a genetic oP erator,  and ru nning P aram eters.

       The obj eetive Pro blem s are eoded as ehrom osom es and

      individual adaPtation m ay eorresPond to the obj eetive

 T h e M IM O 一    A N F IS le a rn ing a lg o rith m in the

   hybrid inte llige nt lea rning alg o rith m

    In th e A N F IS n e tw o rk stru e tu re ,  th e A N F IS le a rn in g

       a lg orith m m a in ly aPP lies a hy brid learn ing alg o rithm

   eorn bining a gradient deerease一 based algorithm (G D )

   and leastsquares estim ation (L SE).
   In th e A N F IS n e tw o rk ,  th e e o n e lu sio n P a ra m e te r

       15 lin e a r a n d th e P re m ise P a ra m e te r 15 n o n lin e a r. W e

       u P d a te th e A N F IS n etw o rk P a ra m e te rs w ith tw o ste P s :

      the co ne lusion P aram ete rs are oP tim iz ed u sing L S E

       an d th e P rem ise Param eters are oP tim ized u sin g G D .

SPeeifi eally ,      the h ybrid learn in g algo rithm 15 div ided into

      fo rw ard an d fe edb aek chann els. In the fo rw ard ehan nel,

          th e P re m ise P ara m eter 15 e o n sta n t a n d a sig n a l 15 in P u t to

   eaeh layer fo r eo m Putation ,    uP to th e fi ft h layer, w here

      th e eo nelu sion P aram eter 15 d isting u ished usin g L S E .

T h en ,   in th e fe edbaek ehan nel,  the eon elu sion Param eter

         15 eon stant an d the err or sign al15 b aekw ard ProP ag ated to

  the seeond lay er,      w h ere the P rem ise P aram eter 15 uPd ated

      u sin g G D . W h e n th e P re m is e P a ra m e te r 15 e o n stan t,

      the oP tim u m eone lusio n Param eter ean b e fo u nd .T he

      hy brid learn ing algorith m red uees the seareh in g sP ace

      d im en sion s fo r th e fe edb aek P ro Pagation alg orithm , 50

       it ean reaeh eon verg enee raP id ly. In the hy brid learn in g

 alg o rithm ,      the u P d ate fo rm u la fo r th e P re m ise an d

   e o n e lu sio n P ara m e te rs a re s e P a ra te d ,  50 th e le a rn in g

        sPeed of Prem ise Param eter ean be inereased by variou s

     G D transfo rm s or oth er oPtim ization teeh niques, sueh as

   the eonj ugate gradient m ethod ,  second order fe edbaek
 P ro P ag atio n m e th od ,  raP id fe ed b a ck P ro P a g atio n

m eth od ,       and 50 on . Ta ble 1 sum m arizes the aetivities in

     eaeh ehann el of the hy brid learn in g alg orith m .

        Ta ble 1 Tw o ehannels in A N FIS hy brid Iearning P rocess

                       FFFFF o rw ard Chan n el B aek w ard eh ann e!!!

            PPPre m ise Par am eterrr eo n stan t G rad ient d eereaseee

                      CCC one lu sion Param eterrr L S E C on stanttt

                         sssig nalll N od e ou tP ut E rr or sign alll

       T he tabu seareh algo rithm in the h yb rid in tellig ent

 le a rn in g a lg o rith m

     Ta bu search (T S) 15 a kind of sub一 heuristie seareh

      a lg o r ith m . T h e T S a lg o rith m e a n a v o id e ire u ito u s
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  L 1 Gt a !.

      seareh es b y in trod ucin g a fe asib le m em o ry stru etu re

       a nd th e co rresP on d in g tab u rule and ab so lve so m e

        g oo d statu s tabo oed b y the deP recatin g ru le in ord er

   to en su re d iversifi ed an d e月七   etive seareh es to rea lize

  9 lo b al o P tim iz atio n . M o re ov e r,  th e T S a lg o rith m

      h a s m em o ry eaP ab ility an d can g rea tly im P ro v e

 com Pu tatio n sP eed .

      T h e tabu seare h ineludes the fo llo w ing stePs:

  l:determ ine netw ork P aram eters:

         2 : g e n e ra te a n in itia l so lu tio n x now a n d g iv e a ta b u tab le

H = 中;

   3 : d e te rm in e th e n e ig h b o rh o o d s ta n d a rd 咨 a n d

       neig hbo rhoo d size an d gen erate eaeh co m Pon ent in the

      neighborhood N (xnow) by adding a random value in the
interv al  一咨, +占   ]to eaeh eom ponentofx !o∀#∃;

    4 : if the o ptim um so lu tio n xN一h,#人∀ in neigh bo rh oo d

N (x ,,∀,,   f) m eets the am nesty ru le, letx,,o!#= xN- bes ∀  and 90 to
  th e s ix th steP ;

   5:ehoose eandidate setC an一N (x n,)即  ) m eeting the tab u

  eonditions in neighboth ood N 伏 !,   f)and an ehoose oPtim um

solution x山,一b% ∀ in C an一N (丫阳勺 and let丫∀&!= x山n一b郡∀;
 6 :letxno% #= 妒叮∀,   and uPd ate tabu tab le H :an d

   7 : rePeat the th ird steP ,    un til the fi n al eond itions are

m e t.

         area fu nctio n m atehe s w ith th e w ell data in th e stu dy

area ,     the m aPP ing relationshiP betw een seism ie signals

     and inversion obj eetive 15 very reliable.H ence, w e ean
        assum e th e stud y area fu netion co vers the w h ole seism ie

 data sPaee .

     Te e h n iq u e s in re se rv o ir 3 D in te g ra ted in v e rsio n

   D urin g the seism ie inv ersio n , aft er PreP roe essin g

  (shen etal., 2007),       the 109 data from severalorallw ells

          and seism ie data adj acentto the w ells in the stu dy area
         are in P u t in to th e n e tw o rk a n d are in teg ra ted an d tra in e d

          50 the adaPtive w eight fu n ction in the stu dy area ean be

     obtained an d in teg rated nonlin ear m aPP ing relation shiP

          ean be b uilt and uP dated based on the lateral and v ert iea l

     geolog ie variations in th e reserv oir. T hu s, th e inversion

       Proeess an d resu lts ean be eon stra ined and eo ntro lled

        to realize the in teg rated inv ersion and the in vert ed data

         volum e ean be P rod ueed .F igure 1 show s a fl ow ehart o f

      the h igh re so lu tion 3D no nlinear integrated inversion .

 S eism iC da怕 We Jl一 109 data

N O n一}ine ar

m aPPing (study
 are a funetion)

 Ta b U Sea re卜

    T6 ehniques fo rinte g ra te d inve rs ion im Plem enta tion

  Inversion obj eetive fu netion
     C o nv entiona l seism ie inv ersion m eth od s are ba sed

     on the fo rw ard m odelin g eom P u tation m ethod , w h ieh

        se a rch e s fo r th e o P tim u m le a st s q u a re fi t b e tw e e n th e

       fo rw ard m od elin g traees and the real seism ie traees.

        In o rd e r to o v e re o m e th e P ro b le m s e a u se d fr o m th e

 seism ie m od el,  our m ethod doesn #    t use a seism ic m odel

       b u t a s su m es th e re 15 a n o n lin ea r m aP P in g re la tio n sh iP

      betw een seism ie signals and 109 data (W ang and

C ao ,     2002).T he assum ption 15 tenable fo r aeoustie
im Pedanee , v eloeity, den sity,    and Porosity. In th is P aP e杭

       w e a ssu m e th e re 15 a n o n lin e a r m a P P in g re la tio n sh iP

      b e tw ee n se ism ic s ig n a l 5 a n d 10 9 d ata 班  T h e in P u t 15

        seism ie data adj aeentto the w ellsand the outP ut(teaeher

    5ignal) 15 109 data (aeou stie im Ped ance, veloeity , d en sity,

Porosity,    and ete.).T he integrated nonlinear m aPPing
    relation shiP in th e stu dy area ,   ealled th e stu d y area

 fu netio n F,      has a m aPP ing relatio nshiP deseribed b y :

  }n itialiZe ns伽o rk

CO nstrUCtio n S e}e Ction

InitialiZe

po pulation

 C ro ss p re m ise

Param eter

 M Utate CO nCIUSIO n

para m eter

S ort 石tness

 C alCUlate erro r

 G D m et卜 od trs in

 Pre m ise para m eter
N 0

 E rror ok?

 LS E m ethod t旧in

 eonelu sion para m ete r

Ye S

Se ism ie

 inverted da ta

         F19.1 FIOw chart ofhigh resolution 3D nonlinearintegrated

F :x * y , w ith x ∋ 5 and y ∋ 班

    Th e invers ionobj ec tiV efha ction isE

In V 6 rs lo n

= 二y }班一F( s )l,N 廿 %

         w here N 15 th e w ell num ber in the study area ,  W 15 w ell

data ,   5 15 seism ic data ,       and F 15 the fu nction fo r the stu d y

a f e a .

      T he fo rw ard m o d e lin g P rob lem s are av o id ed by

      using the inversion obj ective fu netion.A s the study

    M od elinve rs ion and aPP licat io n exa m P les

 F irst,       w e u se d th e o re tie a l se is m o g ra m s to te st if th e

         alg o rith m e an re e o v e r th e g iv e n m o d e ls an d th e n w e u se d
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      H ig h re s o lu tio n 3 D n o n lin e a r in te g ra te d in v e rs io n

        realseism ie dat a to verify the validity ofthis m ethod.
  W e d g e m o d e l in v e r sio n

         T he g eologic m o del 15 a w ed ge w ith velocity of 200 0

         m /5 in th e m id dle of the m odel surr ou nded by a veloeity

         of 3000 In/ s as show n in Figure.2.The obj ective of the
          in v ersio n 15 to te st if th e lo w v e lo eity w ed g e b o d y e a n

      be deteeted .F ig ure 3 sho w s the synth etic seism ogram s

        fr o m fo rw ard m o delin g . T he w av elet 15 a 3 0 H z zero

          Phase w avelet and a total o f 100 traees w ere eom P uted

          w ith a th e tim e in te rv a l o f 0 to 2 5 0 m s . D u rin g se ism ie

in versio n ,        th e m o del at th e fi rst an d 10 0th traees are

    ta k e n a s e o n stra in in g 10 9 e u rv e s . F irst,  th e stu d y are a

        fu n ction F 15 com P u ted an d then the inv erted seetion

       15 co m P u ted an d sho w n in F igu re 4 . A co m P arison

          o f F ig ures 2 an d 4 sho w s that th e in v erted section 15

     basieally consistent w ith the geolog ie m odel.

C D P

C D P

葱
OE一卜

            F19.2 W edge m odelw ith a veloeity in the we dge of2000 m ls

      and 3000 m ls in the surrounding roek.

 0.00

贫 0. 10

OE一卜

 0.20

 0.25

裂裂袋髯拳拳

                     F 19 .3 S y nth e tie se is m o g ra m s g e n e rated fro m th e w e d g e m o d el in F ig u re 2 .T h e trac e d ata 15 fro m C D P 1 to 1 00 a n d the tim e

      inte rv al 15 fro m 0 to 0 .2 5 5 .

       3 D In te g r a te d se is m ic in v e r sio n s o f th e re a l se ism ie

d a ta

      W e Perfo rm ed v elo eity in version w ith the m eth od

          d escrib ed in this P aPer fo r real 3D seism ie d ata w ith an

         area o f 48 8 km Z an d obta in ed the 3D velocity vo lum e

       sh o w n in F ig u re 5 . T h e in teg ra te d in v ers io n w a s P e rfo rm ed

        under the eo nstraint of 10 9 data fr om three w ells (C SZ ,
C S 6,      an d X U 15). T h e in verted ve lo city data has h igh

  re so lu tio n an d P re e isio n ,   co m P ara b le to th e re so lu tio n

         o f real 109 eu rv es. F ig ure 6 15 a veloeity seetion thro ugh

       w e ll C S 6 ex trac te d fr o m th e 3 D v e lo e ity v o lu m e . T h e

       veloeity seetion in dieates th at the veloeity variatio ns o f th e

        v o le an ie s in th e Y in g e h e n g fo rm atio n in th e X X are a are :

     the veloeity generally in ereases w ith dePth ,  the veloeity of

             the layerbetw een T4 to T4 C ran ges fro m 5 100 fn/ s to 5500

     m/ s and avera ges about 5200 fn/ s,    and the veloeity of the

      la y e r b etw e en T 4 C to T 4 1 15 h ig h e r,   ran g in g fr o m 5 6 0 0

         In/ s to 6 000 In/ s. T his kind o f velo eity fe ature re fl ects the

    v a riatio n s o f th e Y ing eh e n g fo rm at io n d o w n w a rd .

C D P

 0 .00

 0.10

葱
a一任l

 0.20

 0.25

        F19.4 Ve locity inversion seetion obtained w ith ourseism ic
        inv e rs io n m eth o d an d the sy nth etie tra e es in F ig u re 3 .
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   L 1 e t a l.

  E rro r a n aly sis an d

GV a lU atio n

 F ig u re s 7 一   9 sh o w a e o 一n P a riso 一1

   b e tw e e n tlle in v e rte d v e lo e lty a一ld

  so n ie v e lo e ity c L一l∀   v e s a t tlle th 一∀e e

    w e !15 . T lle tw o e Lxlv e s are eo rlsiste llt

   w ith e a e h o th e一, w ith e o 一刀P a ra b le

  5Ila P e a n d t一e一ld . T lle 一 es o lu tio n o f th e

in v e l�  te d v e lo e ity e L一 rv e a P P r�o ae h e s

      t11a t o f tlle s o n ie v e lo e ity e u rv e .

T h us, w e eo 一   le!ude that the illversio 一1

 re su lts a re l�  e !ia b le . T a b le 2 sllo w s a

n u一刀 eriea l eo m P a一  iso n b etw ee n 10 9

v e lo e ity a一 ld in v e l∀ te d v e lo e ity . T lle

v e lo e ity e一  ro r ra n g e s fr o一 n 0 .0 1 % to

 1.2 0 % . T lle一efo re, se ism le i一:v e rs io 一1

   se e tio n s w ith h ig ll re so lu tio n a一ld
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计算公式由于包含有速度横向导数项 , 在速度横向变

化大的介质中 , 也能有较高的聚焦效果 , 而且也为走

时计算提供了精确的相对振幅保持权系数 (本文对推
导的方法进行模型测试并进行实际数据的试算, 其结

果证明非对称走时方法的成像精度远高于对称走时计

算方法 (
关键词: 单程波算子 , 走时公式, 李代数 , 拟微分算

子

法首先对VSP走廊叠加记录采用非线性迭代反演方法反

演地下地层的波阻抗; 通过在迭代过程中不断修改阳

尼因子 , 以及引入预条件共轨梯度法求解方程组 , 增

强了解的稳定性和收敛速度 (理论模型与实际资料的
处理结果表明该方法具有较好的效果 , 并在VS P资料钻

前预测研究中具有良好的应用前景 (

关键词: 零偏vsP , 波阻抗反演, 非线性迭代反演, 阻
尼因子, 预条件共辘梯度法

二阶精度广义非线性全局最优的偏移速度反演方法

     / /A qu adratie P reeision g en eralized no nlin ear global

    o P tim iz a tio n m ig ra tio n v e lo e ity in v ers io n m e th o d ,

赵太银 #, 胡光氓 ∀, 贺振华 #, 黄德济 #, A P PL IE D
G E O PH Y SIC S , 6(2), P. 13 8 一149

( 1. 电子科技大学通信 与信 息工程学院 , 成都

61 ((5七 2.成都理工大学油气藏地质与开发工程国家

重点实验室, 成都 61 0059 )

高分辨率非线性三维整体反演研究刀  Hi gh re so lut ion 3D

  nonlinear integrated inversion , 李勇 #, 王绪本 ∀, 李志
荣2, 李琼 ∀, 李正文 ∀, APPLIEo GEoPHYsxes , 6 (2) ,

 P . 15 9 一16 5

( 1.成都理工大学 %地球探测与信息技术 ! 教育部重
点实验室, 成都 610059; 2.川庆钻探工程公司地球物

理勘探公司, 成都 610213)

摘要: 如何快速 &精确地利用叠前深度偏移进行偏移
速度分析是勘探地震学的一项重要研究内容 ,针对该

问题 , 本文提出一种二阶精度广义非线性全局最优的

偏移速度反演方法 (我们将首先去掉速度模型修正量

与成象深度差呈线性关系的假设, 推导出具有二阶精
度的速度模型修正量计算公式 , 使每一次迭代得到的

速度模型尽可能地接近实际模型; 然后采用广义非线

性反演方法反演获得对所有道集的全局最优的速度模

型修正量 , 不仅极大地加快了收敛速度 , 而且反演过

程中陷入局部极小的可能性也减小 了 (理论模型和

Marmousi模型的处理结果表明: 本方法精度高 &处理
速度快 , 提高了偏移速度分析方法的实用性和对复杂

构造成像的准确性 (

关键词: 叠前深度偏移 , 偏移速度分析 , 广义非线性

反演, 共成像道集

摘要: 高分辨率非线性三维整体反演方法是基于非线

性理论 , 在层位控制下, 将工区多井 (或全部井) 的
测井数据与井旁地震道数据输入具有多输入多输出的

网络 , 同时进行整体训练 , 可获得整个工区的自适应

权函数 , 并建立综合非线性映射关系 , 并根据储层在

纵横方向上的地质变化特征更新这种非线性映射关

系 , 这样 , 就能对反演过程及其反演结果起到约束和

控制的作用 , 从而获得稳定且分辨率高的地震反演

剖面 (速度反演剖面/波阻抗反演剖面/密度反演剖

面 ) , 实现整体反演 , 该方法通过模型试算和实际资

料处理 , 获得较好的地质效果 , 证明该方法精度高 &
实用性强, 可用于储层的定量分析 (
关键词: 高分辨率, 整体反演 , 多输入多输出网络 ,

混合智能学习算法

零偏 VS p 资料 波 阻 抗 反演 方 法研 究 // A co u s t i c

   imP edanee inversion of zero一  offset V SP da ta , 王

静 #.2 , 刘洋 #,2 , 孙哲 #,2 , 田洪, , 苏华, , 赵前华, , 刘颖

宇 , , APPL IED GE OPHY SICS, 6 (2) , P. 150 一 158

( 1.中国石油大学 (北京 ) 油气资源与探测国家重点

实验室 , 北京 102249: 2.中国石油大学 (北京 ) CNPC

物探重点实验室 , 北京  102249; 3.中海油田服务股份

有限公司油田技术事业部, 河北, 燕郊 (% 20 1)

地 球 物 理 资 料 群 体 智 能 反 演 / / S w a r m

     in te llig en e eo P tim iz atio n an d its aP P lieatio n in g e o P hy sie al

 data inversion , 袁三一 , 王尚旭 , 田楠 , APPLIED

GEOP HYS ICS , 6 (2) , P.166 一 174

(中国石油大学CNPC物探重点实验室, 北京 102249 )

摘要: vSP 资料钻前预测的关键在于高精度的波阻抗反

演 , 本文针对Vs P资料高分辨率 & 高信噪比以及能精确
地分离出上 & 下行波的特点 , 提出了一种利用VS P资料

进行井底以下钻头前方地层波阻抗反演的方法 (该方

摘要: 复杂地球物理资料的反演问题往往是一个求解

多参数非线性多极值的最优解问题 (而鸟和蚂蚁等群
体觅食的过程 , 正好与寻找地球物理反演最优解的过

程相似 (基于自然界群体协调寻优的思想 , 本文提出

了交叉学科的群体智能地球物理资料反演方法, 并给

出了其对应的数学模型 (用一个有无限多个局部最优
解的已知模型对该类方法进行了试验 (然后 , 将它们

应用到了不同的复杂地球物理反演问题中: (1 ) 对

噪声敏感的线性问题; (2 ) 非线性和线性同步反演问

2 0 2


