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An improved ray-tracing algorithm based
on linear travel-time interpolation

Lu Jiangbo Fang Zhi®

(College of Civil Engineering , Hunan University , Changsha 410082, China)

Abstract: In order to solver for the problem that the original LTI algorithm
could not trace the reverse propagation ray, several linear travel-time interpola-
tion (LTI for short) improved algorithms, such as extension-compaction LTI
algorithm, loop computation LTI algorithm, the shortest path ray tracing algo-
rithm with dynamic networks, have been presented, but the computational effi-
ciency of these algorithms are low. After analyzing these improved algorithms,
this paper presented a new improved shortest path ray tracing algorithm with
dynamic networks., According to the law of wave propagation and the basic
equation of LTI, a large number of redundancy node calculation are excluded,
and the traditional binary heap sort algorithm was used to manage node of wave-
front array. The numerical examples show that, the improved algorithm pres-
ented in this paper has the highest computational efficiency among all of im-
proved algorithms; its calculation efficiency is about 4. 5—30 times of the shor-

test path ray tracing algorithm with dynamic networks, and about 2—6. 5 times
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of the original LTI algorithm, and about 3. 5—15 times of the shortest path ray
tracing algorithm with dynamic networks when the traditional binary heap sort
algorithm is also used.

Key words: ray tracing; linear traveltime interpolation; improved algorithmj;
wavefront expansion; computational efficiency
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Fig. 6 Theoretical ray paths of all receiving points
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Fig. 7 Ray path tracing results by the three algorithms
(a) Original LTI algorithm; (b) The shortest path ray tracing algorithm with dynamic networks;
(¢) Improved algorithm presented in this study
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a <500 m b, ¢ ,
s . 9
Fig. 8 Travel time relative errors by three algorithms
(a) Original LTI algorithm; (b) The shortest path ray tracing algorithm with dynamic networks;
(¢) Improved algorithm presented in this study. The reason why the contour in the x<500 m do not present
in Fig. 8a like Figs. 8b or 8c is that the color which corresponds to the value of relative error in the

< 500 m was too light to present in Fig. 8a. The similar situation is presented in Fig. 9

9 LTI (a), (b) (o)
Fig. 9 Travel time absolute error by three algorithms
(a) Original LTT algorithm; (b) The shortest path ray tracing algorithm with dynamic networks;

(¢) Improved algorithm presented in this study
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1 3

Table 1 Comparison of computational efficiency for three algorithms

LTI
1 0.109 0.216 0.171 0.047
2 0. 437 1. 326 0. 936 0.218
4 1. 841 6.520 3.962 0.639
10 11.372 49. 639 25.116 2.527
20 45.911 204. 282 99. 809 8. 065
30 99. 824 466. 332 228.774 15. 412
1 s s
4.5—30 , LTI 2—6.5 5
s 3.5—15
, Marmou-
sl s 9192 mX2904 m, (4800 m,
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10b . ‘(llifg)/tl‘ Xloo%a ’
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Fig. 10 The first arrival calculations result based on Marmousi velocity model
by using the improved algorithm presented in this study

(a) Isochrons of first arrivals; (b) The relative error
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