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Fig.1 Diagram of simulation environment in high altitude scene

(2) st

T AL RAT g BEAE R, T AAR AL O I0 38) ) e T DX 3 73
FIHLE, R ARG IR AT RN B 8 R A8, O R
B s PO B AR L, Al LU IR o # kgt
FYVCRL, SCELEUR X IR i = RGERIBRET DI RE, R HOE
K S A B RE ST X O TS Y- B A TR 2P A T 55K, 1
A5 B e 2 s

(3) k=G5

TE AL RA T i BEALAR, T AUAH AL 31 4 b T DX s A



KA S KL S AR R AR R Y B JC AP 24 Rl D RERE5E

K2 sz st R EDR
Fig.2 Diagram of simulation environment in mid high

altitude scene
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Fig.3 Diagram of simulation environment in low altitude scene
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Table 1 Aircraft flight altitude profile division
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Table 2 Triggering logic of emergency landing function in
different scenarios
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Fig4 Logic diagram of emergency landing function processing in different scenarios
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Fig.5 Emergency treatment process in high altitude scene
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Fig.6 Emergency treatment process in mid high altitude scene

pi= K[RIT]P, @)
il
. : X}
u‘\ fo 0 u, Ty T Ty b Yz
v [Z10 Sy vellra T s le (3)
1 0 0 1]Lrs T3 Tz i lw

R, piy (uly, vy )RR EBIR AR, ply (X}, V3. Z3) R
POL R BRI RN 10 5 2 A , KRR R N AR [ RIT ]
FRMPLINS AR, BIEOE TR IS FIAR L AR R 28 A e 4%
PREHREFE . AR KA T AR S A fliid A H TRG As A) RNEB
TR K L 2 )2 T8 RO 2 BN B B 8 A, fi s A4l
FI bR Bl AR R AT d BB R DL R AR AR A K
i 1 H R A ol DX, o B R Rl A 4 R A ik 45 55 |
ARG, e AT WAITIES .

(3) =5 N2 Rlhiab B 7

TEARZS Gyt T, RIGCRT LUBH T i ThT 49 A 5 355 Bl P T
SIRE T, X i 1T A9 LA B sl 28 B9 A T N A3 B T 143
SRRAE , TR IO 38 S S B M T ) 5 25 80 % JEE
0 B e 0L 1 T ) = 4R RS R, T A M TR
T MERAEE BB TAE . NI 5 N N2
filiAch B FE AN 7 B

AR R BN, T AHLEEA B e b7 n] 5 il X 3 2
Hh AEAT i SEEA HO'E F 2 A 2 T i ATl DX AT
AFBEAR B AR R A TR R T 08 453 1) 2 Bl 0 iAo
BB E RO ER RS NS R T2 2 R

4 MEREINRENIT
FEXEA SO 1 45 R0 20T 06 T A B 2 26 il
D7 AT, — 7 I B P 2 B, 57— i

I S i i

!

T RIGIE Lo i)
AR X

.

B IHAG A DX A

ARG e il
X IR R o5 L

G159 L AT
o — 2

ik X U A
ik R ER 7

B TR A
TR A
BATT A
PRI E

MR HUTE 7 Sk
TR I DX AR A7

SIS kAT WITIFRE
TRAETE 2 X3

K7 k=t P e R B AR

Fig.7 Emergency treatment process in low altitude scene
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Fig.11

simulation results
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simulation results
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Fig.13  Schematic diagram of low altitude scene

simulation results
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Fig.14 Actual simulation test diagram of high altitude scene
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Table 3 Candidate landing area locations in high altitude

R4 PEHKBHTEGXEMMER(ED)

Table 4 Candidate landing area locations in mid high

scenarios(excerpt) altitude scene(excerpt)

GFE bR | RFEABbRY Ko AV x XAy XAV 2 GEAbru | REBRY X AV x XA y X A 2
686 10 150.715 ~19.8209 -3.76106 714 43 81.0687 ~9.68189 -3.36797
686 118 151.068 ~13.715 375310 713 97 81.0817 -8.03322 -3.36115
686 226 151.425 -7.62533 -3.75133 713 151 81.1848 ~6.39766 -3.35940
686 386 151.965 1.52288 ~3.76010 713 204 81.1848 -4.75711 -3.35475
686 440 152.144 458589 -3.76605 713 258 81.1848 -3.12046 -3.35147
642 118 151.116 ~13.7193 ~1.25124 713 311 81.1848 -1.4863 -3.34955
642 172 151.294 -10.6728 ~1.25063 713 364 81.1848 0.146633 -3.34901
642 226 151.473 -7.62773 ~1.25056 713 418 81.1848 1.77968 -3.34980
642 279 151.548 -4.57855 ~1.25020 713 47 81.1848 341421 -3.35197
642 333 151.731 ~1.5312 ~1.25119 713 524 81.0817 5.04509 -3.35124
643 929 153.85 32.9754 ~1.29744 713 578 81.0817 6.68437 -335611
643 985 154.039 36.2706 ~1.30492 713 632 81.0687 832774 -3.36180
643 1042 154.234 39.6066 ~1.31306 714 686 81.0686 9.97905 -3.36945
643 1099 154.405 42,9781 ~1.32156 714 740 81.0687 11.6385 -3.37849
643 1157 153.876 46.1847 -1.32475 714 794 81.0687 13.3076 -3.38897
644 1216 154.026 49.6274 ~1.33434
644 1275 154.186 53.1248 ~1.34471
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Fig. 15 Actual simulation test diagram of mid high altitude scene
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Fig.16 Actual simulation test diagram of low altitude scene
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Table 5 Candidate landing area locations in low altitude

scene(excerpt)

GEebru | BELRRY X AV x Xof AV y X AV 2
710 5 228518 -3.10524 ~1.71459
709 58 228518 -2.63836 ~1.71026
709 111 22.8518 217368 ~1.70665
708 164 22.8518 -1.71074 ~1.70373
708 217 22.8518 ~1.24919 ~1.70152
708 269 228518 ~0.788678 ~1.69999
708 322 228518 ~0.328801 ~1.69915
708 374 22.8518 ~0.130823 ~1.69901
708 427 22.8518 ~0.590541 ~1.69954
708 479 228518 ~1.05074 ~1.70077
708 532 228518 15118 ~1.70269
709 585 22.8518 -1.97409 -1.70531
709 638 22.8518 243797 ~1.70862
709 691 22.8518 -2.90386 ~1.71264
710 744 228518 -337214 ~1.71737
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Research on UAV Emergency Landing Function Based on Multi-Sensor Fusion

Zhang Jiong, Niu Huan, Chen Xue

COMAC Beijing Aircraft Technology Research Institutes, Artificial Intelligence Innovation Center of COMAC, Beijing
102209, China

Abstract: As a new type of aircraft, UAV has made a rapid breakthrough and development in the field of urban air
traffic. Among them, the electric vertical take-off and landing (eVTOL) UAV has become a research hotspot because
of its advantages of low carbon, environmental protection and low operating cost. In order to ensure the operation
safety and reliability requirements of aircraft, this paper studies the landing function of UAV in special emergency
situations, identifies and screens the landing area for different flight altitude scenarios and in combination with the
sensor performance requirements, and proposes an emergency landing method for UAV in unknown urban
environment based on multi-sensor data fusion of camera and lidar. At the same time, the test of urban application
scenario simulation environment is carried out to preliminarily realize the UAV to obtain the landing position in the
urban unknown scenario, providing direction for ensuring the landing safety of UAV in the unknown scenario.

Key Words: UAV; emergency landing; semantic segmentation; point cloud processing; multi-sensor fusion
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