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Tightly Coupled Cooperative Localization Algorithm for Multiple Unmanned
Aerial Vehicles Based on Relative Position Measurements

LIU Shuqging., GAO Yongxin, HAN Degqiang

(Faculty of Electronic and Information Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To tackle the error-accumulation issue of autonomous localization and navigation
utilizing inertial measurement unit (IMU), a tightly coupled approach that integrates IMU
estimation and beliel propagation (BP) algorithm within the framework of the extended Kalman
filter (EKF) is proposed. The proposed EKF-BP method directly updates the position states of
multiple unmanned aerial vehicles (UAV) in the geodetic coordinate system based on relative
position measurements. Firstly, a centralized cooperative localization algorithm is implemented
based on IMU measurements and relative position measurements among UAVs. Then, the BP
algorithm is extended to the geodetic coordinate system and tightly coupled with IMU-based
autonomous navigation to achieve cooperative localization and navigation of multiple UAV
systems in satellite-denied environments. Finally, the proposed method is compared with the

cooperative localization based on covariance intersection. The simulation results show that the
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proposed distributed cooperative localization method has an obvious advantage in computing

efficiency as the number of UAVs increases.

In comparison to the distributed cooperative

localization based on covariance intersection, EKF-BP achieves enhanced precision in localization

and navigation in satellite-denied environments, which is about 10 times the improvement of the

covariance intersection method. The proposed EKF-BP method effectively suppresses the rapid

accuracy degradation of dead reckoning relying merely on IMU measurements.

Keywords: centralized cooperative localization; distributed cooperative localization; belief propagation;

covariance intersection
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Table 1 The positioning accuracy and improvement rate relative to DR of each algorithm at 100 s
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ik 245 /10 % rad Z /10 °rad 5 /m o 7 (=953
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Table 2 Performance of CL algorithms in different topologies
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Table 3 Average computation time of the CL algorithm
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