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Motivation and Related Research

• Challenging GNSS signal propagation 

conditions in urban environments
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• Multipath mitigation based on ground-

track repeatability (e.g., Fuhrmann et. al. 

2014, Dong et. al. 2015)

• Challenging GNSS signal propagation 

conditions in urban environments
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• GNSS Feature Map
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GNSS Feature Map - Generation

• Map generation based on 

OpenStreetMap

• Road model containing coordinates of 

the streets

• Interpolation into a regular point 

density
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GNSS Feature Map - Experiment Setup

• Multi-GNSS, multi-frequency training 

data collection in 10 Hz

• Time span covers two days, total driving 

time of 5.5 h
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GNSS Feature Map - Data Aggregation
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Reference 
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generation

Data 
processing

Feature 
generation
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SV grid 
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GNSS Feature Map - Data Aggregation
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• Map consists of skyplots for each of the 

boxes
• Interpolation to guarantee full sky coverage

—> Final product is a GNSS Feature Map consisting of code residuals for all satellite positions at 

all boxes along the trajectory
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GNSS RTK Positioning Algorithm

• Multi-GNSS, multi-frequency RTK positioning algorithm in an Extended Kalman filter

• Observations: 

• State vector:

• EKF formulation:
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GNSS RTK Positioning Algorithm
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Performance Evaluation

• Multi-GNSS, multi-frequency test data 

collection

• Measurement campaign independent 

from training data set

• Same equipment as in the training data

• Around 30 minutes (starting with static 

open sky followed by 10 rounds through 

the urban trench)
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Performance Evaluation - Accuracy
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RMS Max. Error

Standard EKF 0.63 m 2.45 m

FMA EKF 0.06 m 0.52 m

Improvement 90.5 % 78.8 %

Standard EKF FMA EKF

50 % < 0.02 m < 0.02 m

95 % < 1.95 m < 0.13 m

99 % < 2.32 m < 0.27 m
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Performance Evaluation - Integrity
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NO MI HO SU SU & MI

Standard EKF 77.4 % 9.3 % 12.0 % 1.2 % 0 %

FMA EKF 95.8 % 2.8 % 0.1 % 1.2 % 0 %

• Relation between position error, 

protection level and alert limit visualized 

in Stanford diagram

• Proposed approach shifts the solution 

from right to left
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Summary

• GNSS Feature Map containing information on code residuals for all satellite positions in a 
regular grid along a selected trajectory based on real data experiments

• Integration in an EKF for GNSS RTK positioning by down-weighting potentially faulty satellites 
without external city model information

• RMS of horizontal position deviations is improved by 90.5 % and the maximum error is 
reduced from 2.45 m to 0.52 m

• Increased accuracy leads to more NO modes (95.8 % compared to 77.4 %, MI and HO epochs 
are minimized)
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