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Research context and motivation Adopted methodologies

* Modern industry, smart cities, and precision agriculture more and more rely on  According to the Taylor expansion, the linearization error in the EKF scheme for
autonomous mobile robots including drones, autonomous land vehicles, goods-to-person GNSS/UWB tight integration is analyzed. Consequently, the factors triggering the
picking robots, and so on. Accurate and robust positioning systems are the essential linearization in the GNSS/UWB state-space model are analyzed and given.
component of autonomous mobile robots; bbbttt L i
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single sensor is difficult to guarantee all the positioning requirements under different 2 S R
conditions. Therefore, sensor fusion becomes a potential solution that compensates for 1. Prediction error: | |2. Hessian matr'x
the flaws of every single sensor to provide more accurate and robust positioning services; » Dynamic status | |»> GNSS pseudorange function

» The Global Navigation Satellite System (GNSS) is essential to autonomous mobile » Sampling interval| | > UWB ranging function

robots due to its worldwide positioning capability. But GNSS signals always suffer from
multi-path, non-line-of-sight, and even being blocked because of the mask of buildings and
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trees. Therefore, integrating GNSS with other sensors is necessary; _ cevongorder o M
* Benefiting from narrow pulse and wide frequency band features, Ultra-Wide Band (UWB) || & Mol Y. ol < L 7 _
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Addressed research questionslproblems

« When implementing the integration navigation, the measurements from GNSS and UWB
are fused together to obtain one positioning result. Therefore, the design of the
integration framework should be considered carefully to make a trade-off between || From the theoretical aspect, we inferred the error propagation in the EKF scheme of the
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positioning accuracy and computational load; GNSS/UWB tight integration due to time-offset.
* Due to different internal clocks and data transmission delays of GNSS and UWB, the -
misalignment (which is named as time-offset) between the GNSS and UWB
measurements exists and may jeopardize the positioning performance. Therefore, how to
evaluate the impact of time-offset and how to mitigate this impact become valuable topics.

Novel contributions

* Formed the bhasic integration schemes for GNSS/UWB tight integration based on EKF
and PF, respectively;
 An analysis is carried out to investigate the error sources when implementing the EKF as| |» Develop a time calibration method to mitigate the impact of time-offset on positioning
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the sensor integration scheme, and indicators are given to reflect the degree of this error, performance deterioration in GNSS/UWB tight integration. proposed a new double-update
« For GNSS/UWB tight integration, the factors that may trigger errors in the EKF are approach to further enhance the time calibration performance considering the geometry of
analyzed and g|Ven, UWB Horizontal position error trend in ENU-coordinates
« Simulated experiments are designed based on the factors triggering errors in EKF to 'r —
compare the positioning performances between EKF and PF for GNSS/UWB tight e Time-synch. EKF
integration, which provides a reference to decide whether to choose EKF or PF in different s 00101E-pa1e ime-Synch. EKF
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applications;

* Investigated the error propagation when time-offset exists. Point out in which scenarios,
time calibration for GNSS/UWB integration is necessary to be implemented.

* Proposed a time calibration method by modeling time-offset as a variable in the state-
space model.

* Proposed a double-update scheme to further improve the performance of time calibration
considering the impact of UWB geometry.

 Develop advanced integration algorithms for GNSS/UWB integration. batch processed
methods could be a possible candidate such as the factor graph.

Submitted and pubhshed works + Include some other sensors (Inertial Navigation System, Lidar, camera, etc.) could be into

the integration scheme to further improve the positioning performance.
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