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Abstract The localization of unmanned aerial vehicle (UAV) in GPS-denied environment is a difficult problem to be studied and
solved. In this paper,the cooperative localization (CL) of UAV cluster system in GPS-denied environment is the main research
points. Firstly,location confidence (LC) is proposed for the quantification of UAV’s localization accuracy in GPS-denied environ-
ment. Secondly,a .LC-based CL. method, which can adaptively adjust the cooperative weight of each UAV through persistent exci-
tation-based relative localization.is proposed to improve the accuracy of UAV cluster localization. Thirdly.a expand kalman filte-
ring (EKF) is designed for UAV attitude calculation, which can be equipped in each UAV and used to fusing multi heterogeneous
sensor data and the CL output. Finally,a multi-UAV cooperative localization system is implemented on ROS, and is verified in
multi-UAYV flight simulation scene of Gazebo. The simulation results show that the LLC-based CL. method can effectively alleviate
the error accumulation of traditional inertial navigation system,and improve the accuracy of UAV cluster localization.

Keywords Location confidence, Unmanned aerial vehicle. GPS-denied environment, Cooperative localization, Expand kalman
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Fig. 7 Localization errors comparison figure of seven UAV fixed trajectory flight simulation experiment
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Table 2 Localization average error= standard deviation table in fixed trajectory flight simulation experiment
(HA :m)
E A EE 1 B E 2 B E 3 B E 4 BE S5
UAV_0 1355.14855.19 32.04+16.975 9.798+5.589 2.124+1.403 1.70141.603
UAV_1 1292.14750.97 31.50£16.113 8.71344.976 2.295+1.412 1.63541.452
UAV_2 1107.1+778.74 31.84+16.322 7.881+3.419 1.90640. 968 1.31241. 251
UAV_3 1269.34840.98 32.40415.977 9.091+5.133 2.163+1.072 1.02140.968
UAV_4 1314.24870. 39 32.78+£17.001 9.833+5.598 1.94841.001 0.90740.812
UAV_5 1359.14830. 66 32.10+16.785 7.024+3.02 1.54340. 882 1.12441.047
UAVT6 1346.14870.42 31.84+16.214 6.022+2.79 1.64640.908 0.86240.774
TR £ AR £ 1291.8+828.19 32.07+16.484 8.337+4.362 1.946+1.092 1.223+1.129
1.3.2 MMRE TS FTER 22 AN O BE 5 4 22 it AR B2 BT B L 7E GPS JE 1R ¥R
ARIGE AT T 7 BTG AHLBENL BT B € AT 5 5L BN R R 2= BN . BE 8 A AR P 4 O R IR E ALK

A TR BB AR 2 T D A R G RE 6 R 22 i 2k A 8 TR
T EML R 2 AR HE 2R R 3 T H . E 8 AT LUE L B
BLRAT B 3 55 T A SCET v R 9 28R 5 T8 L3 3

16 24 5 i 22 B H B A B 22 0 2 T EKF 76 A
6] 5 55 o A 6 N B2 2 B AR R TR O 3R AR SR ik

F 3 BOHLHLE QAT () 552 50 P 245 2 - AR 2 X LR
Table 3 Localization average error= standard deviation Table in random trajectory flight simulation experiment
CHLA : m)

£ AL E 1 g 2 g3 g 4 g5
UAV_0 1114.3+685.4 19.26410.012 16.36248.756 2.95441.792 1.98941.159
UAV_1 1229.14+793.2 15.998+38.113 15.881+8.671 2.735+1.717 1.958+1.126
UAV_2 1279.14+781.4 18.97449. 352 14, 82548.553 3.713£2.231 1.7924+1.118
UAV_3 795.5+443.5 18.90749.512 17.777410. 21 3.024+1.945 1.62440. 966
UAV_14 1256.3+799.6 20.71£10.552 16.841+9.014 3.301+2.112 1.50940. 943
UAV_5 719.8+432.9 16.29148.994 15.78148.921 2.503+1.699 2.082+1.201
UAV_6 1242.6+796.4 17.89049.123 15.13048. 885 2.454+1.631 1.7114+1.181

THREAREZE 1091. 1£676. 1 18.292+9. 381 16.085+9. 001 2.955+1.875 1.809+1.099
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