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ABSTRACT

In this paper, we propose a UAV autonomous landing system using the angle control of a gimbal camera
and object detection based on deep learning. It controls the position of the UAV in operation based on the
bounding box surrounding the destination landing pad through deep learning-based object detection using the
camera mounted on the UAV. In the proposed method, without the need for a separate camera, a gimbal
camera, one of the existing UAV mission equipment, is used to control the camera angle to look downward,
and a companion computer mounted on the UAV is used to control the UAV. In the proposed method, deep
learning-based object detection used Yolo v4 tiny, implemented using ROS for drone control, and measured the

distance between the landing point and the landing pad for performance evaluation. proved.
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Algorithm 1 Landing Algorithm
1: while Box.probability >= decP do
2 if position.z < LandH then

3: land()

4: end if

5 if XDifferenceAbsolute < xframeMiddle x framV then
6: if conG && AYmin then

T move(disU, 0, 0)

8: else if conG && AYmax then

9: move(0, 0, -disU)

10: else if conG then

11: move(position.z X tan(f)/decV, 0 , position.z/decV)
12: else if position.z <=H then

13: move(position.z x tan(@))

14: gimbal_check = True

15: change to gimbal angle

16: else

17: if AYmin then

18: move(disU, 0, 0)

19: else if AYmax then

20: move(-disU, 0, 0)

21: else

22: move(0, 0, -disU)

23: end if

24: end if

25: else

26: if gimbal check == False && AXmax then
27: move_angle(-angU)

28: else if AXmax then

29: move(0, disU, 0)

30: else if gimbal check == False && AXmin then
31: move_angle(angU)

32: else if AXmin then

33: move(0, -disU, 0)

34: end if

35: end if

36: end while
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Fig. 4. Landing Algorithm
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T2 5. UAV 7hEt 3
Fig. 5. UAV Camera Scene
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Table 1. Expenmental Environment

Spec. Configuration
GCS Laptop 17-10750H
Drone X500 v2
EZEE;T;)H Nvidia Jetson Xavier NX
FC Pixhawk 5X
model Yolo v4 timy
camera GoPro 7

g 7. 48 343
Fig. 7. Experiment environment
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Table 2. GPS land result
Count Error(cm) Time(sec)

1 76 19

2 188 20

3 137 23

4 203 21

5 703 20

6 90 21

7 40 20

8 260 24

9 170 24

10 250 23
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a2l 8. GPS #5 A}
Fig. 8. GPS Land Result
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Table 3. Auto land base on object detection

Count Error(cm) Time(sec)
1 25 140
2 15 251
3 20 140
4 25 112
5 23 119
6 8 50
7 21 139
8 22 92
9 17 137

10 8 53

T8 9. A QA A AR AE
Fig. 9. Auto Land base on object detection
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Table 4. Landing accuracy and required time

GPS Object Detection
Average (cm) 211 18.4
STD 187 6.3
Time (sec) 21 123
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Fig. 10. Audo Landing trajectory
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