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Vision-based Autonomous Landing System of an Unmanned
Aerial Vehicle on a Moving Vehicle
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Flight of an autonomous unmanned aerial vehicle (UAV) generally consists of four steps;

take-off, ascent, descent, and finally landing. Among them, autonomous landing is a challenging task
due to high risks and reliability problem. In case the landing site where the UAV is supposed to land is
moving or oscillating, the situation becomes more unpredictable and it is far more difficult than landing
on a stationary site. For these reasons, the accurate and precise control is required for an autonomous
landing system of a UAV on top of a moving vehicle which is rolling or oscillating while moving. In
this paper, a vision-only based landing algorithm using dynamic gimbal control is proposed. The
conventional camera systems which are applied to the previous studies are fixed as downward facing or
forward facing. The main disadvantage of these system is a narrow field of view (FOV). By controlling
the gimbal to track the target dynamically, this problem can be ameliorated. Furthermore, the system
helps the UAV follow the target faster than using only a fixed camera. With the artificial tag on a
landing pad, the relative position and orientation of the UAV are acquired, and those estimated poses
are used for gimbal control and UAV control for safe and stable landing on a moving vehicle. The
outdoor experimental results show that this vision-based algorithm performs fairly well and can be

applied to real situations.
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Fig. 1. Actual UAV crash accidents during landing
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Fig. 11. Following target on a moving car
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Fig. 13. UAV landing on a moving target

0l 3719 oA 20| g

& 913 Fig. 1128 A=k

A 7NEAE 25 AAE 267

28 s me GG S A4 9 B4 e
FEake Bk Fig. 129 @2} 014 $A9) yEom
9] &9} AprilTag®] x&2 2 9] translation, pitch Z}1}+9]
e & 7 2L 2 (d)olMe SAHIY xF22

250} AprilTag®] y=© 9] translation, roll Z}ke] 73k

3.3 OISH 9 ==

Q17)9] o}A] $1z0] HFS 9Ih F 108] oly<]

UES STk Fig 133 2o] Aol % nAS B2

T WAOE oF 15 mke] 2T S AHAE o
Stk Fig. 14041 EPAS] 2290l ket Hetsta whes

A 5510 Qshl AR 213 1% 4= 9lek Table

1o B o] W BEexs veheick

4.8 =2
B AjoMs F==E Felol 79l g7
ofsA Y=o] AR it Y 7Rk Aol 7HES
ok 24 7Rl 7HAAL QIR el d Aozt Fgsh
gh % diole] o] BAIE tholushA| &&lol= e
ALgB1] siEsigint. Aol gl THetE Ble 48k
o] anp o ARGkl B 55 Hlol YlojM=
o] w2 AslebA] 2ekS SIS 4= QIlaL ESE 5

xlo]‘—

Fig. 14. UAV movement (blue) vs. target movement (green)

Table 1. Mean error according to target speed

1 m/s 3m/s 5m/s
x (m) 0.25 0.32 0.52
y (m) 0.27 0.34 0.48
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