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Abstract

The development of LEO Constellation is taking a flourishing state at present, and related study be-
comes the hot topic. Visualization and simulation study of the LEO Constellation is the foundation
to study its configuration, crosslink, route-programming, resource-dispatch, and so on, yet the ex-
isting software falls short of the low expansibility and limit copyright etc. considering the drawing
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performance of the D3D12 visualization technique is nice than OpenGL, this paper studied the vis-
ualization and simulation of the LEO Constellation with the D3D12 technique, designed the archi-
tecture and solved the orbit equation and terminal visibility in two-body form, at the same time
provided the 2D/3D drawing methods of the earth, satellite, orbit, beam, crosslink, curve of longi-
tude and Latitude, at last realized these methods based on UWP(universal windows platform) and
validated the practicability and effectiveness of these methods through the simulation of the typical
LEO constellations and the comparison with STK.
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Figure 1. The architecture of the LEO satellite constellation simulation system based on UWP and D3D12
[E 1. £F UWP #1 D3D12 IR D EZEERIZHE ARG RN
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Figure 2. The rendering process of the D3D12
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Figure 3. The location of the satellite in the geocentric inertial coordinate system
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KRR AL AR AR e B 51 45 E] . vertex_output.normal = vertex_input.Normal x ConstantData.world
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Figure 4. The rendering result of the satellite orbit
4. DENEBRER

3.2.4. BRIERNER

PRPOR AT A BHEA AT R, AR TR s AR R s Cudbidt AT g, & A BrIR A5 T
mi~ BRG] ATEMBURGE . HAE g Dy AR R BUE B Oy A0S . 7 E IR, fEL MR, R
FEAE—WCAR S HT N AR IO B DU, S RO — EAR i . L (o0 B T DL BRI 2 1
AL EARARRD AT, FECREAMAREE IR, ASCH 3 AN DRI AR, WE 5 PR B SE
X Hiieh a » a=i; HWRBORGEr HEH g3 H=0RBORSE Z #ilies y, y=Q. HIERER
K6 Frame L B 45T AORfE:

DOI: 10.12677/csa.2025.159232 146 THEYLRE 5 N


https://doi.org/10.12677/csa.2025.159232

Kb x, A 1 X oy,

B = arcos[ﬂ],if x,>0,0=—p"else f=p

il
1, =(0,cosa,sin) (12)
n=rxXn
r, =(1,0,0)
r=r,xR,

cosy siny 0
R =|-siny cosy O (13)

0 0 1

R.AHSBRSE 7 NERE y MOVEREIERE, W ry = rx R, r=(x,.y,.2) HUHH

URTEATR, x, v,z NI X Y B Z 850, TShE AR TR R A A

3.2.5. ERHERERER

AZ

| Ak

- r4
7 A h
b S a DEIB
jﬁ:\‘jﬁ " / /{/v yz , - ==
3By ik Y
X e

Figure 5. The conversion process of the satellite beam
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Figure 6. The rendering result of the satellite beam
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Figure 7. The rendering result of the inter-satellite link
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R, TEF. BHYHE R E. Hd, 3D BA 2P E KA SwapChainPanel 1% #4317 511,
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Table 1. Parameter of the simulation Constellation

* 1. MEEESH

B PEZR YT EHE BLIE =1 5 (Km) HUBEWA ()
PO AL T A A 22 550 53
AL, — o 2 R 49 1200 87.9

KT B A ENLET T BiEAT, #E RS0 winl0, CPU 4% 3.6 GHz, W% 8 GB, &k
¥ Hi# 1.2 GHz, & FWNAFE 2 GB.
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4.2. (hEZR

N T BAEA SRR RERAYE, ARG RS STK 4 H 45 BT TRk, PUEEE N 1200 km,
HOEWI AN 87.9°, T AM;REG. T AlEMA . e S Z108 0, STK HE R A8y, sk 2
Fiam N H R, GRFBHASCHHREMPUERE S5 STK 77 5 as BRI —5, R T 7R IIHER.

Table 2. Orbit simulation result comparison of the STK and this paper

2. AX5 STK HLETTHERITEE

() A R (/km) STK 1545 R (/km)
X AsFR Y Abkx Z HAFR X AAFR Y Abkx Z HAFR
0 7571 0 0 7571 0 0
60 7558.49 15.944 434.823 7558.486 15.944 434.8229
120 7520.993 31.836 868.208 7520.987 31.835 868.208
180 7458.632 47.622 1298.723 7458.625 47.622 1298.724
240 7371.613 63.251 1724.945 7371.608 63.25 1724.946
300 7260.224 78.671 2145.465 7260.222 78.67 2145.466
360 7124.833 93.83 2558.894 7124.837 93.83 2558.894
420 6965.885 108.68 2963.865 6965.899 108.6799 2963.863
480 6783.925 123.17 3359.035 6783.934 123.17 3359.035
540 6579.545 137.253 3743.1 6579.543 137.2533 3743.102
600 6353.406 150.883 4114.795 6353.403 150.8827 4114.796

KO N P RBRI =0T AR, 10 TR R 4 Jas R @i 1o 1A F R
FERER NI ik, Horp, PRZIRAIN-120 &, A0 40 5, SARMMABEN 20 &, FLIEHAE
HE B, —WMIEEMNEGEERTEREEE, W% 3 k.

IREREE 1 39
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10:36:35 2023
ER% 1584

Figure 9. The simulation result of the simulated Starlink of the first stage
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Figure 10. The trajectory of motion of the two-dimension simulation result of the simulated Starlink
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Table 3. Coverage performance of the Constellation with different configuration in one day
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