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1   

Abstract. This paper proposed a Marching Trapezoidal Polyhedrons 3D modeling 

algorithm (MTPD) based on the cone-shaped spatial distribution of Doppler weather 

radar base data. In this algorithm, a trapezoidal polyhedron was introduced to replace 

the cube in the conventional modeling algorithm as a basic volume element for 

modelling. On the other hand, the hexahedral index or tetrahedral index was selected 

as the construction model for the 3D iso-surface based on the difference in spatial range 

for 3D radar modeling, to balance the efficiency of the algorithm and the precision of the 

modeling results. Based on this algorithm, a Doppler weather radar 3D visualization 

platform was developed using WebGL technology. The results revealed that the 

algorithm significantly improved efficiency without compromising the precision of 3D 

modeling when compared with the conventional modeling algorithm based on radar 

grid data. The durations for the algorithms were reduced by 1.9 seconds and 0.7 seconds,

respectively under the hexahedral index mode and the tetrahedral index mode, while 

under the tetrahedral index mode, the 3D echo structure was more continuous with a 

higher level of precision. The Doppler weather 3D radar visualization platform based 

on the B／S architecture could provide a cross-platform 3D radar display, thus visualize 

the 3D structure of convective cloud effectively.
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Doppler weather radar is one of the main means to detect mesoscale convective weather 

systems and their intensity, distribution, development and evolution. With high 

temporal and spatial resolution, Doppler weather radar plays an important role in 

improving the accuracy of severe weather warning and prediction [1-4]. It is an intuitive 

and effective means for meteorologists to observe the distribution and development of 

radar echoes and analyze weather process accurately by using computer graphics 

technology to display the base data generated by weather radar detection. At present, 

the display of weather radar data used in meteorological services in China is still 

dominated by two-dimensional images [5-7], but the two-dimensional display mode only 

reflects the distribution of echoes at a certain level, which is difficult to truly reflect the 

spatial structure of the cloud. 3D modeling can intuitively display and analyze the 

internal characteristics of radar echoes, which is helpful to understand the spatial 

structure of weather system and improve the forecasting ability of weather system. 

Therefore, 3D modeling of weather radar data is an inevitable trend of meteorological 

data application, and it is also an urgent need for the development of weather forecasting 

business. 

In recent years, domestic and foreign scholars have carried out relevant research on 

the three-dimensional modeling of weather radar. Ernvik [8] used three algorithms of 

cross-section plane slice, surface extraction and stereo rendering to conduct three-

dimensional modeling research on radar echoes. Kristof et al. [9] realized three-

dimensional display of NEXRADII reflectivity data by CUDA ray-casting algorithm for 

core stereoscopic rendering. Moreno et al. [10] combined two-dimensional images of 

radar reflectance at each elevation Angle of radar as input to form a three-dimensional 

radar echo structure. Xiao et al. [11] used NVI algorithm to interpolate radar reflectance 

data into three-dimensional grid points of latitude and longitude. Zhang Zhiqiang et al. 

[12] used moving cube algorithm and ray projection algorithm to realize three-

dimensional reconstruction of radar echo on this basis, and the product was applied in 

the Short Time Approaching Forecast System of catastrophic weather (SWAN). Luo [13] 

uses Proximity Clouds algorithm to improve the light projection algorithm to achieve 

three-dimensional radar display. Han [14] realized three-dimensional modeling of radar 

echoes by extracting the contour lines of PPI image faults of weather radar. The above 

visualization algorithms extend the radar echo display from a two-dimensional plane to 

a three-dimensional space, which is conducive to the in-depth analysis of radar data, but 

there are still certain limitations. 1) he above algorithms all use regular grid data as the 

data source of radar echo 3D modeling, requiring the radar base data stored in the form 

of polar coordinates to be interpolated into the three-dimensional grid points under the 

Cartesian coordinate system. Although this improves the spatial accuracy of radar data, 

it consumes a lot of computing resources on the one hand, and makes the visualization 

accuracy depend on the accuracy of the interpolation algorithm on the other hand. 2) 

Because the amount of 3D grid data obtained by interpolation is much larger than that of 

the original radar data, the calculation is more complicated, reducing the efficiency of the 

algorithm, and it is difficult to adapt to the scene with high real-time interaction 
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requirements. 

In general, the traditional radar 3D modeling algorithm based on interpolation grid 

data has many defects such as preprocessing, high computational complexity, and large 

amount of rendered data, so it cannot be applied to real-time services requiring fast 

response. At present, the mainstream radar 3D display systems at home and abroad, such 

as domestic SWAN system, foreign Vis5D and GR2analyst, all adopt C/S architecture, 

and the application range of such systems is limited due to different installation 

requirements [15-16]. In this paper, the Marching Trapezoidal Polyhedrons 3D modeling 

algorithm (MTPD) is proposed based on the data characteristics of Doppler weather 

radar base data as the data source. Compared with traditional 3D modeling algorithm, 

the accuracy and applicability of the proposed algorithm are evaluated. On the basis of 

MTPD algorithm, a 3D visualization platform of Doppler weather radar based on B/S 

architecture was developed by using WebGL technology, and the severe convective 

weather in Nanjing on March 20, 2019 was analyzed. 

 

2   Doppler weather radar base is introduced 
 

The observation method of Doppler weather radar firstly takes the radar station as the 

origin at an elevation Angle and carries out 360° scanning and sampling clockwise from 

its due north direction to obtain the data on the scanning cone, and then scans the 

specified elevation Angle one by one from low to high according to different volume 

scanning methods [17]. After completing a body scan, the radar uses elevation Angle, 

azimuth Angle and radial distance as the coordinate origin to store radar reflectivity, 

spectral width and radial velocity, and generates a binary base data file [18]. Since the 

reflectance factor in Doppler weather radar base data can directly reflect the scale and 

density distribution of precipitation particles inside the cloud, this paper carries out 

three-dimensional modeling based on the reflectance of radar base data. Figure. 1 shows 

the scanning mode of VCP21 of SA Doppler weather radar in precipitation weather. Nine 

scanning elevation angles are specified. The sampling interval of azimuth Angle on each 

elevation layer is 1°, the sampling interval of adjacent samples along the radial direction 

is 1 km, the maximum detection distance is 460 km, and the interval of body scanning is 

6 min. 

 

3   3D modeling algorithm MTPD 
 

The MTPD algorithm idea (Figure 2) is as follows. 

1) Voxel construction: in 3D modeling theory, the minimum processing volume 

unit is called voxel [19], and MTPD uses trapezoidal hexahedral as voxel to 

construct three-dimensional structure of radar base data. 

2) Determination of applicable mode: according to the size of the modeling 

space, one of the hexahedral index and tetrahedral index is selected to construct 
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three-dimensional iso-surface to balance the efficiency of the algorithm and the 

accuracy of the result. 

3) Calculate the intersection of iso-surface and voxel: calculate the intersection 

coordinates of iso-surface and voxel by interpolation method. 

 
Figure 1: Elevation angle detection of CINRAD/SA Doppler weather radar VCP21 

4) Drawing three-dimensional iso-surface: drawing the iso-surface in voxels 

one by one with the basic geometric elements of the connecting intersection points 

of the triangular surface, and finally obtaining the three-dimensional model of the 

radar echo. 

 
Figure 2: MTPD algorithm flow 

 

3.1   Voxel construction 
 

In this paper, voxels are constructed directly from polar coordinates according to 

the storage characteristics of radar base data, and the results are shown in Figure 3. 

The trapezoidal hexahedral is taken as voxel 𝑉𝑖 by taking the length 𝑟0 of the radial 

distance library, the lines of adjacent azimuths 𝜑𝑖 and 𝜑𝑖+1 at the same elevation and 

radial distance, and the lines of adjacent elevation angles 𝜃𝑖 and 𝜃𝑖+1 at the same 

azimuth and radial distance as edges respectively. 
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In order to facilitate the implementation of the algorithm, it is necessary to 

convert the polar coordinate system of the radar base data into a rectangular 

coordinate system with the radar station as the origin, the radar station due north 

direction as 𝑋 forward, the radar station due west direction as 𝑌 forward, and the 

height from low to high as 𝑍 forward. At the same time, the echo height value is 

considered to be affected by the curvature of the earth [20], and the coordinate 

conversion formula is as follows: 

 
Figure 3: Constructing trapezoidal hexahedral voxels from radar base data 

 

 {

𝑥 = 𝑟 × cos 𝜃 × cos𝜑 ,
𝑦 = 𝑟 × cos 𝜃 × sin𝜑 ,

𝑧 = ℎ0 + 𝑟 × sin𝜃 +
𝑟2

2𝑅𝑒
,
 (1) 

where 𝑟 is the radial distance, 𝜃 is the elevation Angle, 𝜑 is the direction Angle, ℎ0 

is the height of the radar station, and 𝑅𝑒 is the radius of the Earth under standard 

atmospheric refraction. 

Figure 4 shows the number of voxel vertex 𝑉𝑖(0 ≤ 𝑖 ≤ 7) and edge 𝐸𝑖(0 ≤ 𝑖 ≤ 11) 

in the rectangular coordinate system. The number of vertices and edge mentioned 

in the following Figure is an example. 

 
Figure 4: Vertex and edge numbering of voxels 
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3.2   Determination of applicable mode 
 

The iso-surface value is 𝛼, the reflectivity of each voxel vertex has two states greater 

than 𝛼 or less than or equal to 𝛼, and the state value is 𝜆. Obviously, when the two 

endpoints 𝜆 of a voxel edge are unequal, the edge must intersect with the iso-surface. 

In this paper, the triangular surface is used as the basic element to connect the 

intersection points. As shown in Figure 5, if the two diagonal vertices 𝜆 on the 

surface 𝑉0𝑉3𝑉7𝑉4 are equal and not equal to the adjacent vertices  𝜆, there are two 

equivalent surface extraction methods in Figure 5a and 5b on the surface. If this 

surface is a common surface of adjacent voxels, the constructed three-dimensional 

structure will appear unclosed as shown in Figure 5c. In order to solve the above 

problems, the trapezoidal hexahedral is divided into 5 tetrahedral, and the 

equivalent surface is extracted from each tetrahedral. Figure 6 shows the topology 

of extracting iso-surface in tetrahedral. When all vertex state values 𝜆 are equal, 

there is no intersection point between tetrahedral and iso-surface (Figure 6a). Only 

one vertex is not equal to the 𝜆 of other vertices, resulting in a triangular surface 

(Figure 6b); when two vertices are not equal to the 𝜆  of the other vertices, two 

triangular surfaces are generated (Figure 6c). There are only three kinds of 

topological relations between tetrahedral and iso-surface, so there is no common 

surface when extracting iso-surface and there are two kinds of connection methods. 

Since voxel partitioning will inevitably increase the number of voxels processed 

and thus increase the calculation time of the algorithm, the balance between the 

efficiency of the algorithm and the accuracy of the result must be considered. In this 

paper, the modeling method without voxel division is called hexahedral index mode, 

and the modeling method with voxel division is called tetrahedral index mode. 

Assuming that the maximum radial distance is 460 km, the maximum azimuth is 

360°, and the value of each sampling point of the radar base data in the space range 

of 9 elevation angles is greater than 0, the time spent in generating voxels by the 

two modeling methods is calculated according to the 23 test space ranges given in 

Table 1. Figure 7 is a schematic diagram of the 𝑋𝑌 plane of the test space range 

selected in Table 1. Δ𝜑 is the included Angle between two azimuth angles 𝜑𝑖 and 𝜑𝑗. 

The radial distance of sampling points 𝑝𝑖  and 𝑞𝑗  is equal to 𝑟. The test space XY 

plane takes the fan 𝑆𝑝𝑜𝑞 composed of the origin O, 𝑝𝑖 and 𝑞𝑗, and the height takes all 

the elevation angles. 

Figure 8 shows the results of voxel construction time of the two modes in the 

test space range. It can be seen that the calculation time gap between the hexahedral 

index mode and the tetrahedral index mode is obvious in a large space, and the time 

of the tetrahedral index mode is twice that of the hexahedral index mode in the 

maximum space range. The time difference between tetrahedral index mode and 

hexahedral index mode is reduced to 53 ms when 𝑟 is 140 km and Δ𝜑 is 105° (No. 

17). At this time, the 𝑆𝑝𝑜𝑞 area is about 17 959 km2. When the space range is further 

reduced, the calculation time difference between the two modeling methods to 
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generate voxels is less than 20 ms, which is almost negligible. In this paper, when 

implementing the algorithm, a rectangular frame is used to frame the range on the 

𝑋𝑌  two-dimensional plane of the radar for 3D modeling. The space range is 

rectangle 𝑆 on the 𝑋𝑌 plane and the height is all elevation angles, as shown in Figure 

9. Therefore, when the rectangular 𝑆  area is less than or equal to 17 959 km2, 

tetrahedral index mode with higher modeling accuracy is selected, and when the 

rectangular 𝑆 area is greater than 17 959 km2, hexahedral index mode with faster 

modeling speed is selected. 

 
Figure 5: Iso-surface extraction topologies of adjacent voxels (hollow dots indicate that the 

reflectivity of the vertex is greater than α, and solid points mean that the reflectivity of the vertex is 

less than or equal to α) 

 
Figure 6: Iso-surface extraction topology in tetrahedral 

 
Figure 7: Schematic diagram of XY plane for test space range 
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Table 1: Spatial range of applicable mode test for 3D radar modeling 

 
 

 
Figure 8: Comparison of time-consuming for voxel construction in two modes 

 

 
Figure 9: The algorithm realizing the XY plane of the selected spatial range 

 

3.3   Hexahedral index pattern topology construction 
 

The hexahedral index model uses trapezoidal hexahedral as the basic volume unit 

to construct a three-dimensional iso-surface connection topology. Set the vertex 

Index to represent the relationship between the trapezoidal hexahedral vertex 

𝑉𝑖(𝑖 = 0,1,⋯ ,7) and the iso-surface value 𝛼, and the structure is shown in Figure 10. 
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Each vertex is represented by 1 bit. 𝑉𝑖 = 1 when the vertex value is less than or equal 

to 𝛼 , 𝑉𝑖 = 0  when the vertex value is greater than 𝛼 . The eight vertices of the 

trapezoidal hexahedral can be greater than 𝛼 or less than or equal to 𝛼, so the Index 

range is 0 to 255. For example, an Index value of 1 indicates that the 𝑉0 vertex is 1 

and the other vertices are 0. 

The structural Index table IntersectEdge stores the intersecting edge between 

iso-surface and voxel, and uses index value to index. Each element in the Intersect 

Edge array uses 2 bytes to identify whether the 12 edges intersect with the iso-

surface. Each edge occupies 1 bit, 0 represents disjunction, 1 represents intersection, 

and the highest 4 bits are fixed as 0. For example, edges 𝐸0, 𝐸3, 𝐸8 have intersecting 

points with iso-surface, IntersectEdge[Index] = 0000000100001001. 

 
Figure 10: Diagram of vertex index byte structure 

The triangular surface configuration table Triangle stores the number of 

triangles connected to equivalent points in voxels and the connection mode, and 

uses Index value for index. Figure 11 is the schematic diagram of the triangular 

surface configuration table. Each element of the Triangle array is a one-dimensional 

array of length 16, and each value in the array is the number of the edge where the 

equivalent point is located. Every 3 values constitute a triangular surface. 

 
Figure 11: Diagram of triangular patch configuration table 

 
Figure 12: Partition of adjacent trapezoid hexahedral (solid lines represent lines drawn on the 

outside of the voxel, dashed lines represent lines drawn on the inside of the voxel, and red dotted 

line represents the division line on the common surface) 

 

3.4   Topology construction of tetrahedral index pattern 
 

Figure 12 is the trapezoidal hexahedral partition diagram, Figure 12a and 12b are 

the two ways to divide the trapezoidal hexahedral into five tetrahedra. Since the 

tetrahedral obtained by the two partitioning methods are different, in order to avoid 
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the inability to splice the triangular surfaces on the common surfaces of the adjacent 

trapezoidal hexahedral, the partitioning method with alternating intervals as shown 

in Figure 12c was adopted when the adjacent voxels were divided. After the adjacent 

trapezoidal hexahedral are alternately divided, the common surfaces formed by the 

vertices 𝑃0, 𝑃1, 𝑃2, 𝑃3 are divided into two triangles, Δ𝑃0𝑃2𝑃3 and Δ𝑃0𝑃1𝑃2, which are 

one face of the tetrahedral. On the one hand, the number of polyhedrons obtained 

by this voxel partitioning method is small, and on the other hand, the stitching 

consistency on the common surface is ensured. 

Tetrahedral index model uses tetrahedral as voxels to construct iso-surface. The 

tetrahedral has four vertices, so the vertex Index 𝑉4 through 𝑉7 is fixed to 0. It can 

be seen from the vertex state that there are 24 = 16 kinds of intersection relations 

between tetrahedral edge and iso-surface, so the length of the edge table 

IntersectEdge and the triangular surface configuration table Triangle are both 16. 

Each element of the IntersectEdge array uses a byte to mark whether the 6 edges of 

the tetrahedral intersect with the iso-surface. Each element of the Triangle becomes 

a one-dimensional array of length 9, with the structure consistent with the 

hexahedral index pattern. 

 

3.5   Calculate the intersection coordinates 
 

According to the two vertex coordinates of the intersecting edges and their normal 

vectors, the coordinates and normal vectors of the intersecting points are 

determined by linear interpolation. If the reflectance of the two endpoints 𝑝1 =

(𝑥1, 𝑦1, 𝑧1) and 𝑝2 = (𝑥2, 𝑦2, 𝑧2) of the edge where the intersection point is located is 

𝑅1 and 𝑅2, and the iso-surface value is 𝑐, then the coordinates of the equivalent point 

𝑝 = (𝑥, 𝑦, 𝑧) are 

 𝑃(𝑥, 𝑦, 𝑧) = 𝑃1(𝑥1, 𝑦1, 𝑧1) +
𝑐−𝑅1

𝑅2−𝑅1
(𝑃2(𝑥2, 𝑦2, 𝑧2) − 𝑃1(𝑥1, 𝑦1, 𝑧1)). (2) 

for any point of the iso-surface, the vector direction of its gradient is the normal vector of 

the iso-surface at that point. The gradient of the vertex is calculated according to formula 

(3) and the normal vector at the intersection is obtained by linear interpolation of formula 

(4). Where the function 𝑅 = (𝑥, 𝑦, 𝑧)  represents the reflectance at coordinates 𝑥, 𝑦, 𝑧 ,  

Δ𝑥, Δ𝑦 and Δ𝑧 are the voxel side lengths in three directions. 

 

{
 
 

 
 𝑁𝑥(𝑥, 𝑦, 𝑧) =

𝑅(𝑥+1,𝑦,𝑧)−𝑅(𝑥−1,𝑦,𝑧)

2Δ𝑥
,

𝑁𝑦(𝑥, 𝑦, 𝑧) =
𝑅(𝑥,𝑦+1,𝑧)−𝑅(𝑥,𝑦−1,𝑧)

2Δ𝑦
,

𝑁𝑧(𝑥, 𝑦, 𝑧) =
𝑅(𝑥,𝑦,𝑧+1)−𝑅(𝑥,𝑦,𝑧−1)

2Δ𝑧
,

 (3) 

 𝑁(𝑥, 𝑦, 𝑧) = 𝑁(𝑁𝑥 , 𝑁𝑦, 𝑁𝑧) = 𝑁1(𝑥1, 𝑦1, 𝑧1) +
𝑐−𝑅1

𝑅2−𝑅1
(𝑁2(𝑥2, 𝑦2, 𝑧2) − 𝑁1(𝑥1, 𝑦1, 𝑧1)). (4) 

according to the coordinates of intersection points and the normal vector, the three-

dimensional iso-surface is drawn according to the intersection connection method given 

by the Triangle configuration table. 
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4   Experiment and analysis 
 

In order to test the effect of radar 3D modeling algorithm, the three algorithms in Table 

2 were used to conduct 3D modeling of radar echoes in the space range of 33.6°~34.2°N 

and 119.5°~119.8°E at 06:18 UTC on June 23, 2016. The test computer is a dual-core 

processor, the main frequency is 2.50 GHz, and the memory is 4 GB. 

 

4.1   Algorithm performance analysis 
 

Table 3 shows the number of triangular surfaces and operation time obtained by running 

each test algorithm for 10 times, in which the operation time is taken as the average value 

of 10 times. In the same spatial range, the number of triangular surfaces obtained by the 

hexahedral index model algorithm is about 53% that of the traditional three-dimensional 

modeling algorithm, which significantly reduces the operation time. Although the 

tetrahedral index pattern algorithm has a significant increase in the number of triangular 

surfaces compared with the hexahedral index pattern algorithm, it is still less than the 

traditional modeling algorithm, and the calculation time is 0.7 s less than the traditional 

algorithm. Therefore, the MTPD algorithm is superior to the traditional radar 3D 

modeling algorithm in computational efficiency. 
Table 2: Introduction of test algorithms 

 
Table 3: Performance comparison of test algorithms 

 
 

4.2   Analysis of 3D modeling results 
 

Figure 13 shows the 3D modeling effect of radar reflectivity of each test algorithm. 

From the overall effect, the three-dimensional structure of echo obtained by MTPD 

algorithm (Figure 13b and 13c) is very close to that obtained by traditional algorithm 

(Figure 13a), and the small differences are acceptable in practical application, which 

also verifies the correctness of MTPD algorithm. In order to further observe the 

three-dimensional structure details of radar echoes, the reflectance of 55~56 dBz was 
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selected for grid display (Figure 14). It can be seen that the hexahedral index mode 

(Figure 14b) and tetrahedral index mode (Figure 14c) in the MTPD algorithm 

construct the three-dimensional structure of radar echo with fewer triangular 

surfaces, which is almost the same as that of the traditional three-dimensional 

modeling algorithm (Figure 14a). The hexahedral index mode and the traditional 

three-dimensional modeling algorithm have obvious holes in the network structure 

(Figure 14a and 14b), while the tetrahedral index mode (Figure 14c) splices the 

triangular surfaces continuously in this region, completely avoiding the problem of 

holes between adjacent surfaces without subdivision, and the three-dimensional 

structure is more continuous and more accurate. 

Based on the above experimental results, the MTPD algorithm produces fewer 

triangular surfaces and takes significantly less time in 3D modeling than the 

traditional algorithm. Hexahedral index model has the fastest computation speed 

and tetrahedral index model has the best continuous modeling results. Therefore, 

for the application scenarios of 3D model with high timeliness requirements or 

large-scale weather analysis such as typhoon, the hexahedral index model can get 

the ideal effect, while the tetrahedral index model is used in the scenario where the 

structural details of radar echoes need to be observed. In practical application, 

MTPD will automatically select the index mode according to the rectangular S-area 

of the modeling range according to the applicable mode determination criteria 

described in 2.2. 

 

5   Algorithm Application 
 

WebGL is a browser-side 3D drawing standard, which can realize Web 3D modeling 

and interactive display without any browser plug-in, and improve the graphics 

rendering speed through underlying hardware acceleration [21]. Three.js is an open-

source framework that encapsulates the underlying code of WebGL, with built-in 

many commonly used objects and tools in 3D graphics programming. It is open and 

easy to use. In this paper, a Doppler weather radar visualization platform is 

developed by using this framework, and the proposed radar base data moving 

trapezoidal polyhedron 3D modeling algorithm is implemented in the browser. At 

the same time, vector map scaling interaction, multi-layer control, radar basic 

reflectivity and velocity map single and animation display, vertical section and 

other functions are realized. 

A severe convective weather occurred in Nanjing on March 20, 2019. Figure 15a 

shows the observation results of 3.4° elevation Angle of SA Doppler weather radar 

at 05:42 (UTC). There are obvious three-body scattering "spikes" in the red box area, 

and the reflectivity factor of the strongest echo is greater than 60 dBz. Figure 15b 

shows the three-dimensional structure of radar reflectivity in the red box area of 

Figure 15a. The top height of the 25dBz echo is about 10km. It can be seen from the 

reflectance three-dimensional structure of more than 40 dBz (Figure 15c) that the 
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center of the strong echo of more than 65 dBz is overhanging in the region of more 

than 5 km, and the presence of vertical wind shear leads to the tilt of the 

overhanging structure. The reflectance factor of 3.4° elevation at 06:06 (UTC) (Figure 

15d) is significantly reduced. The strongest echo drops to about 50 dBz. The three-

dimensional structure of radar reflectivity in the red box area in Figure 15d (Figure 

15e) shows that the top height of the 25 dBz echo is reduced to 8 km. From the 

reflectivity three-dimensional structure of 40 to 60 dBz (Figure 15f), it can be seen 

that the height of the center of the strong echo drops to about 3 km, and the echo 

overhanging structure has disappeared. At 06:08 (UTC), a hail of 1 cm diameter was 

observed in Lishui area. The three-dimensional structure of radar reflectance clearly 

reflects the development process of the hail system, which can provide a direct 

means for forecasters to intuitively and comprehensively understand the 

distribution and internal structure of the space echo. 

 
Figure 13: Comparison of 3D modeling results of three test algorithms 

 
Figure 14: Comparison of 3D netlike structure of 55-56 dBz reflectivity among three test algorithms 

 

6   Conclusions and discussions 
 

In this paper, according to the characteristics of Doppler weather radar base data, a 

moving trapezoidal polyhedron three-dimensional modeling algorithm (MTPD) 

based on radar original base data is proposed, and a radar reflectivity modeling 

comparison experiment is conducted with the traditional radar 3D modeling 

algorithm. Based on MTPD algorithm, a three-dimensional visualization platform 

of Doppler weather radar is developed using WebGL technology. The main 

conclusions are as follows. 
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Figure 15: Results of 2D and 3D modeling of Nanjing radar at 05:42 (UTC) and 06:06 (UTC) on 

March 20, 2019 a. Basic reflectivity at 05:42 (UTC) and 3.4° elevation; b.  3D modeling results of the 

red box area in (a) ; c. 3D modeling results with basic reflectivity greater than 40 dBz of the red box 

area in (a) ; d. basic reflectivity at 06:06 (UTC) and 3.4° elevation; e.  3D modeling results of the red 

box area in (d) ; and f. 3D modeling results with basic reflectance of 40 to 60 dBz of the red box area 

in (d) 

 

1) Compared with the traditional radar 3D modeling algorithm based on radar 

3D grid data, the MTPD algorithm's 3D modeling results are highly similar to those 

of the traditional algorithm in the same spatial range, and the calculation time is 

reduced by 1.9 s (hexahedral index mode) and 0.7 s (tetrahedral index mode), 

respectively. The results show that the algorithm can effectively improve the 

efficiency without losing the accuracy. 

2) Tetrahedral index mode solves the problem of holes caused by discontinuity 

of radar three-dimensional structure in hexahedral index mode by alternately 

dividing trapezoidal hexahedral into 5 tetrahedral in 2 different ways, and the 

display effect is more accurate. The tetrahedral index model can be used to analyze 

the three-dimensional structure of radar echoes in small scale severe convective 

weather like tornado. The hexahedral index mode is the fastest, which is suitable 

for the service scenario of displaying large-scale weather such as typhoon in the 

three-dimensional structure of the whole radar echo. 

3) The algorithm frames the space range on the two-dimensional plane of the 

radar for 3D modeling. When the rectangular area of the frame is less than or equal 

to 17 959 km2, the tetrahedral index mode is selected, and when the rectangular area 

is greater than 17 959 km2, the hexahedral index mode is selected. The calculation 

efficiency and the accuracy of modeling results were balanced by selecting different 

models. 

4) The three-dimensional visualization platform of Doppler weather radar 

based on WebGL realizes the two-dimensional and three-dimensional interactive 

display of radar echoes combined with geographic information, making the spatial 

analysis of radar echoes more convenient and intuitive. 
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The MTPD algorithm also needs to be further optimized. The tetrahedral index 

mode increases the number of volume units to be processed by splitting voxels and 

also increases the number of triangular surfaces. Compared with the hexahedral 

index mode, the algorithm takes more time. In the next step, parallel computing 

technology will be introduced to extract 3D iso-surface synchronously from the five 

tetrahedral obtained by subdivision, and optimize the storage structure of the 

resulting triangle slices, so as to ensure the accuracy of 3D modeling and improve 

the algorithm efficiency of the tetrahedral index model. 
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