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Abstract

Amphibious aircraft frequently encounter highly complex and uncertain environments during mar-
itime missions, where adverse sea states and wave conditions substantially increase the opera-
tional difficulty and safety risks during takeoff and landing phases. To address these challenges, this
paper proposes a design methodology for an interactive platform for takeoff and landing in complex
sea states, based on virtual reality technology. This approach establishes a bidirectional coupling
verification mechanism between the wave-resistance design schemes of amphibious aircraft and
crew operation testing and estimation, forming a complete simulation system of “mission scenario
configuration, human-in-the-loop simulation verification, and operational performance estimation.”
The system allows flexible editing of mission scenarios according to actual requirements and con-
ducts human-in-the-loop semi-physical virtual simulation experiments to achieve coupled mission
estimation of design schemes and crew operations. Subsequently, it enables iterative optimization
of takeoff and landing design schemes in complex sea states. This approach effectively enhances the
adaptability and safety of amphibious aircraft operations in challenging maritime environments and
provides a scientific and reliable virtual flight simulation method for assessing the safety of takeoff
and landing in complex sea states.
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Figure 1. Diagram of the platform system design
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Figure 2. Diagram of the platform software module architecture
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Figure 3. Diagram of the user operation flow
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Figure 4. Diagram of the operation flow of the takeoff and landing task and sea state environment configuration module
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Figure 5. Diagram of the operation flow of the data interface module
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Figure 6. Visualization display of the effects of weather and time calculation
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Figure 7. Visualization display of the effects of sea state level 4 calculation
7. M RBEYRAILR R

4) RS AR

LA HUMAE 55 7 AR IO B R, K R A RORE AN 7] S 20 ) Bl 4% M B OB AT 70 SR ORAE, 1%
FOREAT I R BGEEAT B 17, N R SRR 0 b B, 0 I L Hidie

FERIRAEAFTT I, BERE YR PR Bl HEAT 70 B, BAF SEI L AR (1 R Ge B . AR
SR B UL SRR B 5, B H I U B 12 A0 07 A S A . B A R U, R AR A ki
P B YES BN BE S8, VI BRE R RER . BAE RS, I I, BRSR%R
Frm A AEEAESS, SO AT IR PR R SCRER T i A 1S AT BE AN e DAL AR bR 4 R
K o

s R SRR vt 1Al 8

5) ST ITAti bR

TP ATIAS AL T G USR8, SR 22 4R 0 S VP A R AT W, S5 SRR A B
PERLERAS KT RAT & I AR S AT Bl R S5 AN B, SREEA S B P DU . AR S AT
By e ALV TEARA R, WAL WL MBS =AM EREAT E BT S 4R, XTSI A SR E R L
TG EES %Atk R R .

DOI: 10.12677/jast.2025.134018 174 ] e 2 i R R


https://doi.org/10.12677/jast.2025.134018

Lty &

6) FIHLALRER
K HTFR G5 Unity (IS GBORAY B, MR S . P RACEE . Wi e, FAFAREE. Rl
R A e, SEILTHSE AT . TS m A LS T A .

A R

GE ||
# B || &
& & || W || B

| i MR X R i R R |
I | I
| SR AR [ L — AEERE |
i A N |
| i - mEEE |
| KR Ml et b MR |
| A i —  HuRE
| h |
| E A AN E . N ‘ l
| ek %‘ e || e |
i ! |
|
|
|
I
|
I

__________________________________

Figure 8. Diagram of the database architecture design
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