29 2 —_— Vol. 29 No. 2
2004 3 Earth Science— Journal of China University of Geosciences Mar. 200 4

HISR

1 1 2
’ ’
1. s 116023
2. , 116023
s ,  Ttakura-Saito
, , (Homotoy Itaku-
ra-Saito Regularization, HISR) . s s
HISR ,
HISR ,
; ; ; ; Itakura-Saito ; .
: P64 : 1000—2383(2004)02—0247—06 :2003—09—09

HISR Method for Parameter Inversion of Solute
Transport through Unsaturated Soils

CUI Kai', LI Xing-si', LI Bao-yuan®

1. National Key Laboratory for Structural Analysis of Industrial Equipment , Dalian University of Technology s Dalian 116023, China
2. Department of Engineering Mechanics . Dalian University of Technology, Dalian 116023, China

Abstract: Taken the parameter inversion of solute transport through unsaturated soils as the application background and ho-
motopy method imported for solving the nonlinear parameter inversion problem, this paper presents a global convergence
method, HISR (homotopy Itakura-Saito regularization) method. The Itakura-Saito distance between the iterative parameter
value and the estimated parameter value was adopted as the trivial problem in the homotopy function based on the idea of reg-
ularization. Moreover, a continuous method is employed to modify the homotopy parameter during iteration in order to en-
sure the ability of the iteration and the capability of the noise resistance. Problems of parameter inversion of solute transport
coupled with equilibrium and non-equilibrium effects through one-dimensional unsaturated soils are carried out as numerical
examples, and the computational results clearly demonstrated the features of global convergence and stability of the HISR
method. Besides, a favorable solution is obtained even though experimental quantities were contaminated heavily by noise by
HISR method.
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Fig. 1 Sketch map of laboratory soils column experiment
(a) and breakthrough curve (BTC) (b)
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Table 2 Numerical inversion results for different initial values of parameters
No. IT
a K Ka Kg Y a K Ka Kg Y
1 0.5 0.5 3.0 0.5 0.5 0. 6835 0.1154 1.9298 0. 002 55 0.6037 21
2 3.0 0.5 3.0 0.5 0.5 0.6835 0.1154 1.9298 0. 002 55 0. 6037 22
3 0.5 0.6 3.0 0.5 0.5 0.6835 0.1154 1.9298 0. 002 55 0.6037 22
4 0.5 0.5 6.0 0.5 0.5 0.6835 0.1154 1.9298 0. 002 55 0. 6037 25
5 0.5 0.5 3.0 0.9 0.5 0. 6835 0.1154 1.929 8 0. 002 55 0. 6037 22
6 0.5 0.5 3.0 0.5 0.1 0. 6835 0.1154 1.9298 0. 002 55 0.6037 22
7 0.1 0.1 0.1 0.1 0.1 0. 6835 0.1154 1.9298 0. 002 55 0.6037 22
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Table 3 Numerical inversion value for different noise levels
NA 1T Err
@ K Ka Kp Y
1% HISR 0. 686 4 0.1155 1.964 3 0. 002 6 0.603 1 21 0.034 6
! LM 0. 686 4 0.1155 1.964 2 0. 002 6 0.603 1 67 0.034 6
294 HISR 0.717 3 0.1176 1.992 8 0. 002 4 0. 606 0 21 0.0716
0 LM 0.717 4 0.1176 1.992 8 0.002 4 0. 606 0 52 0.0716
4% HISR 0.664 1 0.1095 1.9731 0.003 2 0.599 3 21 0. 048
0 LM 0.664 1 0.109 5 1.9730 0.003 2 0.599 3 30 0. 048
8% HISR 0.5809 0.104 8 1.901 2 0.004 4 0.599 2 20 0.107 1
0 LM 0.580 8 0.104 8 1.900 9 0.004 4 0.599 2 37 0.107 3
10% HISR 0.6531 0.1112 2.1376 0. 004 5 0.5997 21 0.2101
! LM 18. 1717 0. 640 4 11. 346 2 0.0010 2.926 3 56 20. 004
15% HISR 0.546 1 0.090 8 2.2118 0. 006 4 0.5932 25 0.314 8
ol
’ LM 0.546 5 0.090 8 2.2125 0. 006 4 0.593 2 52 0.3153
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Fig. 2 BTCs fitting of simulated experimental results, inverse results and true results
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