% 5455 5 1) TARERHAR Vol5  No5
20224 10 H Unmanned Systems Technol ogy October 2022

[BIA®X] &K #, L&, TaW, 4. BEELANEHEZLEAFINHER ANt E A TARAREAK, 2022,
5(5): 90-101.

BEREAVERHERESLTNHRRS
migit 556

o2 TAE2, 2am? Haowd 4Tl

(1. PHIE T K2R B, Vi 7100725 2. BRpidas K KATa BT S 908s, % 710072;
3. Ui TR KA TR R, PE% 710071)

mOE: R BaE. AE . BERAREEANERM K EEH . HX AN EREE e 5 A F ok
R PFEIUE, 8T —Fh iS4 & RS0 RGN . X RG AN h i S s s
Al B BE . BRI, R PRI AR SR AT S IR | T BT ABLIY S A Bl B |
FI 20 0 B AR L . SE W AR, B, AT RS AL ARG TR, AT
SR R0 KR AUR 43 T v R i G B Th e b s Ok, S5 A SRR R LRI SR OO BT OR, AH T R Ss
BRI ER G KW AR s e, Gl R R B, SRR T SEAE Ak S5 B R SR R
FHRCR .

KR TLNNERF; LG IO, AAM,; PRIER,; S50

FESES: V249 XHERFRIRES: A NXEHRS: 2096-5915(2022)05-90-12

DOI: 10.19942/j.issn.2096-5915.2022.5.053

Design and I mplementation of Har dware-in-the-loop Simulation System
Based on Virtual-real Combination for Fixed-wing UAV's Swarms

ZHANG Dong*?, WANG Hongtao®®, WANG Mengyang™?, ZHENG Yuanshi®, FU Jinbo™?

(1. School of Astronautics, Northwestern Polytechnical University, Xi’an 710072, China; 2. Shaanxi Key Laboratory of Space Vehicle Design,
Xi'an 710072, China; 3. School of Mechanical and Electrical Engineering, Xidian University, Xi’an 710071, China)

Abstract: Swarms, intelligence, autonomy and cooperation are the devel opment trends of unmanned aerial vehicles
(UAV) technology in the future. Aiming at the simulation verification of the key technologies of intelligent planning and
autonomous decision making of UAV swarms, this paper proposes a hardware-in-the-loop simulation system architec-
ture based on virtual-real combination, in which the physical modules include flight control terminal machine, AD-Hoc
network data link and intelligent planner. The virtual module includes swarm task planning software, six degrees of
freedom simulation model of fixed-wing UAV, AD-Hoc network link data simulation and hardware-in-loop simulation
software. Firstly, the design scheme of the system architecture combining virtual and real is presented, and the key func-
tional modules involved in the physical part and virtual part are introduced. Secondly, according to the smulation re-
quirements of cluster intelligent planning and decision, the key technologies involved in the hardware-in-the-loop simu-

lation system based on virtual-real combination are given. Finally, through typical application scenarios, the application
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effect of the virtual-real hardware-in-the-loop simulation system is demonstrated.

Key words: UAVs Swarms; Virtual-real Combination; Hardware-in-the-loop Simulation; AD-Hoc Network ; Visual

Deduction; Swarms Mission Planning
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Fig. 1 Architecture of hardware-in-the-loop simulation system based on virtual-real combination
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Fig. 13 Data monitoring interface of swarms ground
monitoring software
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Fig. 14 Custom telemetry return interface for swarms
ground monitoring software of 32 UAV's
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Fig. 15 Swarms dynamic inference 3D track display
of 32 UAVs
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Fig. 16 Real-time simulation parameter interface of 5

UAVs in flight dynamics hardware-in-the-loop
simulation software
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