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Fig.1 Schematic diagram of cooperation objectives

23 BB G BEH ISV AR Z 18] BB 23 0~20m I
THT 1 20~160m IEHBTE PN BE . A EHFLARDLEL R A AH B
B BRIE A B ARG BRI LS HFRE R
b, A E BT LA
1.2 AL EIERRVEE
1.2.1 QAL LB AHE RS

Xof R B A5 B B e S5 AR 0 S i 4 7 B A T IR
a5 , el R AL PR PR DR SR 5 (Otsu) 4T —fELAK,
A TE RS 2R EREE T, Xk PR {ELR B Shal 1y, R AT Sxd
AAERRRE T B B P EE BN R A AR h e
HEAT EME IR RE R B AR T AL AR B . A A AR
3 e BE UM T 1 A B M s B AN [ ) RUBE S A5
TTRHIE, 25 8508 5 2338 VAR S D BR AN 2 s



RBE R JE TR A 5 R G S AR B ST B AR WS

85

%3 b

2P B 160m | (IEHLTE )

PG i

FIFILATfE S
i e E AR H AR

I s
o st Rb
:

g

|
m !
% fEifk s :
R SAE AR :
| . ’_ t _____ |

Ve R T H20m (Hm )

Uk SEE(ER
ARIEET

ORBHFEHEIR

FHIEPTHC

L SR BIAERE

l

RAFHL
EX(EEER

i
0
=
fE
VC L4 AR H
7N
¥
bl

K2 FTHIIER

2RI B LM T Ik B RRER

Fig.2 Block diagram of vision-based approach for solving the heading attitude of air-dropped cargo platform
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Fig.3 Geometric characteristics of cooperative target
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Fig.4 Extraction of central cooperation target
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Fig.5 Cooperative target feature extraction and matching
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ground is calculated based on visual solution
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HRET R AR AFE B AT BT ARAR L TR,
S A AR R (EALSE S AT AR RE RS P54 H
FRIFRZES A TAG T , FROIER] T A8 Sk A B 1k LA
PO P il T 13 G

7 Ml TAT PP 49 228 285 R DR 30 TRT A 28 285 A 1) it PR
RAEITR BN, PITI [8] 5] B A 1, TEAMLAS B B e £
JERER o oML e i i ml v o 7 v i 2 A 4R 20 et 45
RAEG BN A AR, BEAR T R R U, S HARE A
SUISTRYT . s B0 v BE AR I, 205 R ST i 1 A
AR BAR XIS 2 B0 BRI RAR IR R i tead

55 AE Hbrrh A —ff s f B SR R D, 330 s 2
R JEIT S EORVEAL . XS R 2] BB 7EA1E B ArAs
FAR s R R P B AR SRR ), DA T A A
PRI R i IR

TP WG| RN /0= R a8 S R s DG S R A
AR T A e o X 3 b T R b T R B 13
IRR VA THE A BT N 160m [ 8 43 - b v 2] b 1 1)
R A ) RMSE B . FH &1 10 AT AT, B 45 JC A LR Hb
AT 1) e T B iR G 8 RO VR B A L DR AV A AR O AL A 1Y
RMSE Wi/N o {H A5 i 550 H0 1 VR % £ FAREAT) 71 ) RMSE
{F 2 B 1 T 1 B ey R S5 i A, T T A £ 749 52 i)
BN, X—458 5006 2 WA B 4518 AT

r = fi7% fipRMSE
= {1 fIORMSE
6f Tt f1 wRMSE

FfiEERMSE/(®)
EN w

w2

e
0 160140120 100 80 60 40 20 18 16 14 1210 § 6 4 2 0
5 /m
K10 TEAMLBE G RA S T3 FHARR AR 2285 #) RMSE
Fig.10 RMSE of different attitudes of the UAV landing

process relative to the cooperative target

Jo AHLAE 2K 20m (1435 1 TR 5 VR 5% A A #A RO
/N 10, T AN =5l LR = R | DL
SHER I AL T o T H AT I, B Y RMSE (B FRUCHE
W TR AR o AR 4R E RIS R DY, FE A [m] 5
B B, AR A0 S AT AR E AR B SR IR A SR
ARR A . AR ZSFIT G AT B, S0 2 22
W7 T B, (R 1% 2 1) SRR, A0 = A A D 2 th IR 2
3B
2.5 EdiEltEaeitie

Shy B8RSR 1 SIS X R B 3 4 ) T 1 R 2R A T
i, DhaE SR TC AHLIAT o 43 551X 3 b 180 R 325 b 18T 7 1 B B
Te AMLIRETE I T A TGE T, S50 (4 S P AR A L o7 %
S () A A, IR 1

HIR 1R, S b T P B R o7 25 g 515 18] 24 129.57ms,




90 LIRAEE L P N

Dec. 25 2023 Vol. 34 No.12

&1 WTMERETGIHEIEENT

Table 1 Two-stage attitude estimation time performance
experiment
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Abstract: Air landing and airdrop is the basis of air force equipment development. To guarantee the safe landing of
air drop equipment for long distance delivery, the heading attitude mode data of cargo platform are needed to obtain
for real time descending attitude adjustment so as to avoid landing rollover accident. The present study envisaged the
development of a vision-based method for calculating the heading attitude of airdrop cargo platform, in order to
accurately estimate the attitude of the airdrop cargo platform during an airdrop landing. The landing distance of
airdrop system was divided into two stages: Far-ground at 160m and near-ground at 20m. Signs of different scales
were designed as visual reference for different landing stages, which effectively improved the autonomous landing
height of airdrop cargo platform. When the airdrop cargo platform initially landed at an altitude of 160m, and the
inherent geometric properties of the cooperative target were used to identify the overall cooperative target in the
environment; When it reached 20m near the ground, the central cooperation target was screened by Hu-invariant
moment as ground auxiliary features, and finally the motion of the airdrop cargo platform was estimated by
homography. This algorithm effectively improved the accuracy, real-time performance and the robustness of the
attitude calculation technology of the airdrop cargo platform. It also met the requirements of an accurate calculation of
real-time attitude of airdrop cargo platform. The results showed the significance and feasibility of the vision-based
heading attitude calculation technology of airdrop cargo platform with a good application prospect.

Key Words: airdrop cargo platform; cooperation target; attitude calculation; aircraft landing
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