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M OB FAAVO RRERA & G RN R EBAT, S LR B KR LR & e F e,
ERFER ARV REZF A, S FEARG AN A EREFAGIEREEERE
VAR G RORAE L AR, SA-PSO ik 454 F B ik 5 MR Kk AT R HAL, L 4 B
FHALH BB IR HILE R BN A IMEE AR A B AL R A R R AL A HTI
AT T HTL AR AR S & 3 #2325 F 5@ b b A 3080 B AR & 3, i 3E SA-PSO JL ik
T I HTI AR & G F AR, —F AR kBT L MBS &0 B AM AT, 5t
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SA-PSO f k5 PSO H k47 Bk, o 3 ik 6 oA ME A7 X, SA-PSO ik R M E £.3, K
AR AL A S B AR KBS A e EAERIL A 5,10,20 89 F AT RLALR B xF AR ik
B AR AT K, B 45 RR £ B B AR A b SRS, B SR P B AR AR HTT
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Anisotropic AVO inversion of seismic wave in HTT media

LI Qin, WANG Wei, WANG Hanlin
(School of Geology and Environment ,Xi’ an University of Science and Technology ,Xi’ an 710054, China)

Abstract ; Conventional AVO inversion is mainly carried out for isotropic media,but the strata with fractures are actu-
ally anisotropic. Seismic inversion is a typical ill-posed problem. With the addition of anisotropic parameters,the non-
linear degree of seismic inversion is increased significantly, which makes it more difficult than traditional inversion.
The SA-PSO algorithm is a hybrid optimization of particle swarm optimization and simulated annealing algorithm,
which has the advantages of stronger global optimization ability, overcoming precocity phenomenon and not easy to fall
into local minimum value. In this paper,the medium containing vertical cracks is approximated as HTI medium. Based
on the HTI medium reflection coefficient equation,the objective function of anisotropic parameters is established. Ani-
sotropic parameter inversion is realized by SA-PSO algorithm. Furthermore , the fracture related parameters and fluid
factors are predicted based on the correlation between the fluid factor, fracture weakness and anisotropy parameters.
The theoretical model of coal seam containing HTI type is established ,and the original data are inverted by SA-PSO

algorithm and PSO algorithm at the same time. The superiority of the algorithm is tested. The inversion accuracy of
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SA-PSO algorithm is higher and the inversion process is more stable. By adding Gaussian random noise with SNR of

5,10,20 to the data of multi-layer theoretical model , the anti-noise performance of the inversion method is tested. The

inversion results show that the error of the inversion results is small, the inversion process can converge quickly,and

the anti-noise performance of the inversion is good. According to the characteristics of anisotropic parameters in the

HTI type water-bearing fracture ,the water-bearing sandstone part of Marmousi2 model is modified ,and anisotropic pa-

rameters are introduced. The velocity, density and anisotropic parameter profiles are obtained through inversion, and

the fluid factor prediction is realized. The inversion and prediction results are consistent with the theoretical model,

which demonstrates the effectiveness of the method.

Key words : HTI media ;anisotropy ; AVO inversion ;fluid factor;fracture
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Table 1 Physical and anisotropy parameters of the theoretical model
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1 3 500 1 900 2.60 0 0 0
2 3070 1 980 2.40 0~0.01 0.10~0.23 0.20~0.30
3 2 100 1 100 1.35 0 0 0
4 3 500 1 900 2.60 0 0 0
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Fig. 3 Model values and inversion results of S—wave velocity based on SA-PSO in the model
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Fig. 4 Model values and inversion results of p based on SA-PSO in the model
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Table 2 Analysis of inversion error results of theoretical model

SO H Vp/(m-s") Vo/(m-s")

p/(g+em™) &

(v) s (v)

Y
LIV oNE 3070 1 980 2.40 0 0.230 0. 300
SEAE 3 085 2 030 2.53 0. 001 0.257 0.289
R7E/ % 0.48 2.53 5.42 0.10 11.74 3.67

*3 ARENERERREERRESN
Table 3 Analysis of inversion error results of theoretical

model with noise

N BRI/ %
(G4
Vp Vs p S s ,y(\')
20 0.19 0.45 0.83 0.1 3.04 3.22
10 0.07 0.20 1. 67 0.1 8.00 11.76
5 0.33 1. 11 3.27 0.1 2.80 12.4

F BR8P S B0 45 ) S0 S 80U, AR
W22 T2 BRI G ) R O 301 ~ 399 m A 7] B B N
100 m Ah A S E5 3 R SA-PSO Bk S A1 i
HIEWTIARTE RN T K /K, BEAT TN, 25 s 6
Ji7R o B 6 ATAL AU E A AL P 2 RN
S EPES B R el 15 B AR R R K/
K, Y976 0. 4 DUF SR R MEAE 0. 12 2247, 75 & B
FUK IR T3/ 4530 F 0 ALAE,
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