JPNT 9(3), 285-292 (2020)
https://doi.org/10.11003/JPNT.2020.9.3.285

Journal of Positioning,
]I) N T Navigation, and Timing

Dilution of Precision (DOP) Based Landmark Exclusion Method for
Evaluating Integrity Risk of LiDAR-based Navigation Systems

Pil Hun Choi, Jinsil Lee, Jiyun Lee'

Department of Aerospace Engineering, Korea Advanced Institute of Science and Technology, Daejeon 34141, Korea

ABSTRACT

This paper introduces a new computational efficient Dilution of Precision (DOP)-based landmark exclusion method while
ensuring the safety of the LiDAR-based navigation system that uses an innovation-based Nearest-Neighbor (NN) Data
Association (DA) process. The NN DA process finds a correct landmark association hypothesis among all potential landmark

permutations using Kalman filter innovation vectors. This makes the computational load increases exponentially as the
number of landmarks increases. In this paper, we thus exclude landmarks by introducing DOP that quantifies the geometric
distribution of landmarks as a way to minimize the loss of integrity performance that can occur by reducing landmarks. The

number of landmarks to be excluded is set as the maximum number that can satisfy the integrity risk requirement. For the
verification of the method, we developed a simulator that can analyze integrity risk according to the landmark number and
its geometric distribution. Based on the simulation, we analyzed the relationship between DOP and integrity risk of the DA

process by excluding each landmark. The results showed a tendency to minimize the loss of integrity performance when
excluding landmarks with poor DOP. The developed method opens the possibility of assuring the safety risk of the Lidar-based
navigation system in real-time applications by reducing a substantial amount of computational load.
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Fig. 1. Hazardous misleading information (HMI) of HAV.

2. LANDMARK EXCLUSION METHOD FOR
INTEGRITY EVALUATION OF LIDAR-
BASED NAVIGATION

2.1 Review of Integrity Risk Evaluation for LiDAR-
based Navigation using an Innovation-based
Nearest-Neighbor Data Association

2.1.1 Integrity risk concept for LIDAR-based navigation
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2.1.2 Integrity risk under correct association condition
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Fig. 2. HAV and landmark model used for the simulation. Position of HAV (x,,
Xy), position of i"™ landmark (Pe 'py), heading angle between the HAV and
the landmark (i), measurements obtained from LiDAR (d,, 6)).

Table 1. Simulation parameters.

System parameters Values
Std. on raw laser ranging measurement 0.05m
Std. on raw laser angular measurement 0.5 deg
Kalman filter process noise (w,,) N(0, 10 m®)
Kalman filter process noise (w,,) N(0, 1 deg®)
Vehicle speed 2m/s
Alert limit1 0.4m
Laser data sampling interval 0.5s
Integrity risk allocation for FE 10°
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2.1.3 Innovation-based nearest-neighbor data association
and integrity risk under incorrect association condition
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Fig. 3. Comparison of the probability of HMI (both under nominal, and
faulted condition), and computational load according to the number
of landmarks (left) when there are 6 landmarks (right) when there are 4
landmarks as an example.
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Fig. 4. Calculated DOP of landmarks based on a combination of a target
landmark and its neighboring landmarks.
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Fig. 7. The standard deviations of HAV position estimates and landmarks
according to the HAV path (1,).
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Fig. 8. P(HMI) according to the number of landmarks.
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Fig. 10. DOP, by each target according to the path of HAV.
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Fig. 11. P(HMI) according to the number of landmarks when 2 landmarks
are excluded.
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