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2.4 Travel-time inversion

Time-term method
+ Basic equation
o Inversion scheme
+ Velocity gradient
¢ Examples

2D and 3D Travel-time inversion
# Least squares inversion
# Refraction tomography
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Refraction Line
L
the i-th shot (x;, -h;)

2012/4/11 Lecture 2003




Lecture-2003

Basic equation

t,=a,+b,+R,/V.

a;,b, : time-terms defined by
a=\v;.-V?’H, (i=1.,m),
b, v]_/2 —V_ZHU. (j=1.,m.).
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Inversion scheme

where
tT = (tl 12 rll 20000 tml\_mr )’
b.,b,,...b

-1
m' =(a,a,,..,a sV )

with
1 (g=i, org=m.+j,),
Rl.pjp (g=m,+m, +1),

0] otherwise.
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Prior constraints between time-terms
a, _b,/,, =B, (p=1...,n,).
— ¢=Bm
with ¢’ =B, 5y 8, ),
1 (I<sps<n, g=i,)),

B, =1-1 (<p<n,q=m+],),

0 (otherwise)
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d=Cm
Least squares solution
C'd=C'"Cm —» m=(C"'C)"'C"d.
Damped least squares solution

m=(C"C+eal)'C"d.
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Refraction Line
L

the i-th shot (x;, -h;)
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Basic equation

L
_ " pk
ty=a,+b,+ > Ry /V,.

k=K,

X=X, Z=X,.

a;,b; : time-terms defined by

. :L JVo(x,2)-Uldz  (i=1,.,m,),

(}

v_z(x'j,z)—U'\Z/.dz (j=1.,m).
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Inversion scheme
t=Am+e,

where
tT = (tl 1° t]Z 4 "".’tml‘,ml. )’
b by, VTV LT

b
m,

T
m =(q,,a,,..,a

and
e~ N(0,0°E).

Stochastic model for m and t

n/2 ‘*”2

p(t|m;o’) = (270”)
1

. (t-Am)TE‘l(t-Am)}.
)

Xexp| —
P
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Prior constraints : a, —=b, =S, (p=1...n.).
Initial guess : m=m_.
- ¢, =Bm+d,,
with ¢/ = (B> Basews B, sy My, sm,, ),
and d, ~ N(0,p'D,).

2 2N\—7/2 -1/2 1 _
p(m; p;)=Q2rp;) "~ |D1| | exp[—g(c, -B;m)" D/ (c, -Blm):|'
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Smoothness constraint
b,,=2b,+b,,=0 (j=2,.,m —1).
— 0=B,m+d,,
with d, ~ N(0, p; D,).

2 IN—1 /2 -1/2 1 1.
p(m; p3) = (27p;) " D, | GXP{—2 7(B,m)" D (B,m) |.

5
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Likelihood function

I(m;a?, pl, p; |d) = p(t|m;co?) p(m; p) p(m; p; ).

2

l(m,Gz,af,a_ ’d) — (272_62)7(n+r1+r3)/’2(a12 )rIEZ(QAZZ)rZEZ

-1/2 12 “1/2 |
x‘E‘ 1 ])1‘ ! ‘Dz‘ 1 exp{— = s(m)},

with
s(m)=(t-Am) E"'(t- Am)+¢/ (¢, -B,m)" D, (¢, - B,m)
+a;(B,m)" D;'(B,m).
m*=(A"E"A + «’B,D;'B, +a;B,D;B,)"
x(A"E't+a/BD]'c,).
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1 (g=i,org=m +j,),
_1 — q—(mg+m,)

A4, i, (m +m +K, <g<m +m, + L,./‘ )
0 otherwise.

(I<p<n, qg=i),
(Isp<n,qg=m+j,),

(n,+1< p<n, +m), ‘

(otherwise)

1 (g=m +p),
-2 (g=m,+p+1),

1 (g=m +p+2),|
0 (otherwise).
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ABIC = (-2)L(c”, ¢, ,a3),
with L(c?,a],a))= J.l(m;crz,oqz,()(:2 |d)dm.
Minimizing ABIC requires

oL(c’,a;,a;)/ 00" =0L(c”,a ,a3)/ 0a; =0L(c”,al ,3) Dat; = 0.

— o’ =s(m*)/(n+7,+r,—m),
and
ABIC(c; ,a5) = (n+7,+r, —m)logs(m*) -7 log(e, ) — 1, log(at3)
+log|A"E"A + B D;'B, + B} DB, |+ C.
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Final solution

m=(A"E'A +4/B;D;'B, +4,B,D;B,)"
x (ATE't+a/B;D'e,),

and

6 =s(m)/(n+r,+r,—m).
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