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Abstract Understanding the interplanetary propagation of solar storms is the foundation of space en-
vironmental forecasting and services. The visualization of numerical model simulation data is an impor-
tant method to analyze the propagation dynamics process and verify the validity of the model. In order

to facilitate the visualization analysis of the numerical model simulation data with increasing simulation
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scale, a Transfer Function for Time-varying Volume data rendering (TFTV) based on the characteris-
tics of time domain and frequency domain is proposed. The algorithm is designed to extract images in-
cluding motion regions based on the K-Nearest Neighbor (KNN) background subtraction method, and
then the three-dimensional subset of the moving region can be extracted according to the mapping rela-
tionship between the image and the volume data to achieve the reduction of large-scale grid volume da-
ta. Then the Frequency Tuned (FT) salient region detection algorithm is used to detect Coronal Mass
Ejection (CME) in motion area images, and according to the CME detection results, a color inverse
mapping algorithm is designed to find the boundary threshold between the CME and interplanetary
space background. Finally, the transfer function design in volume visualization is adaptively adjusted
based on the threshold to realize the fast 3D visualization of CME in the motion region at each time
step. The experimental results show that TFTV transfer function algorithm can adapt to the numerical
model simulation data in static and dynamic backgrounds. Compared with the linear transfer function,
the occlusion of the line in sight direction is effectively avoided, the change of relative momentum is in-
tuitively and automatically displayed, and the evolution process of CME in interplanetary space is
traced. The extraction of local regions reduces data redundancy, and the process of adaptively adjusting

the transfer function by automatically analyzing the data with the help of algorithms avoids the ineffi-

2023, 43(3)

ciency of manual adjustment.
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Table 1 Numerical grid and simulation region
AR el [ELi-P AN ARG/ R, oA
SIP-CESE A 300(z) x 300(y) x 300(z) 1~ 225 CR2194
B 192(r) x 181(8) x 361(¢) 21.5 ~ 235 CR2154
CORHEL C 320(r) x 60(0) x 180(¢) 30 ~ 245 CR2185
D 160(r) x 30(6) x 90(¢) 30 ~ 245 CR2154

* https://ceme.gsfe.nasa.gov /models /modelinfo.php?model=CORHEL/MAS/WSA /ENLIL/
** https://ceme.gsfe.nasa.gov /results /viewrun.php?domain=SH&runnumber=yan _zhu 033022 SH 2
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https://ccme.gsfc.nasa.gov/results/viewrun.php?domain=SH&runnumber=yan _zhu_040122_SH_3
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Fig. 4

Event A: the equatorial plane detection results and volume rendering results of the relative momentum
volume data at 30th, 50th, and 70th time steps. In (a)~

(c), the red, green and blue outlines respectively

represent the final detection result of CME, the detection result of KNN background subtraction method, outer

boundary of the moving area. In (d)~

(f), the large is the volume rendering result of linear mapping, the inner white

border is the extracted motion subset, the upper right is the TFTV volume rendering result in this article
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Fig. 5

Event B: the equatorial plane detection results and volume rendering results of the relative momentum

volume data at 10th, 20th, and 30th time steps. In (a)~(c), the red, green and blue outlines respectively

represent the final detection result of CME, the detection result of KNN background subtraction method, outer

boundary of the moving area. In (d)~(f), the large is the volume rendering result of linear mapping, the inner white

border is the extracted motion subset, the upper right is the TFTV volume rendering result in this article
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Fig. 6

Event C: the equatorial plane detection results and volume rendering results of the relative momentum

volume data at 20th, 30th, and 40th time steps. In (a)~(c), the red, green and blue outlines respectively

represent the final detection result of CME, the detection result of KNN background subtraction method, outer

boundary of the moving area. In (d)~(f), the large is the volume rendering result of linear mapping, the inner white

border is the extracted motion subset, the upper right is the TFTV volume rendering result in this article
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Time step: 20 (Target detection) Time step: 30 (Target detection) Time step: 40 (Target detection)
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Fig. 7 Event D: the equatorial plane detection results and volume rendering results of the relative momentum
volume data at 20th, 30th, and 40th time steps. In (a)~(c), the red, green and blue outlines respectively
represent the final detection result of CME, the detection result of KNN background subtraction method, outer
boundary of the moving area. In (d)~(f), the large is the volume rendering result of linear mapping, the inner white

border is the extracted motion subset, the upper right is the TF'TV volume rendering result in this article
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