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Abstract: Objectives: Trajectory data obtained from low—cost crowdsourcing devices often suffer from
overall positional offsets and abnormal attribute records, failing to meet the accuracy requirements for high—
definition map updates. Given that onboard images in crowdsourcing data can capture changes in the driving
environment and vehicle orientation, this paper aims to explore correction methods for overall trajectory po-
sition offsets and abnormal driving angles based on continuous onboard images. The goal is to provide high—
quality trajectory data that enhances the accuracy of subsequent position correction methods. Methods:
This study first employs structure-from—motion technology to estimate the pose of the onboard camera, fol-
lowed by the detection and correction of abnormal driving angles based on the estimated pose information.
Next, the study identifies key trajectory points located at intersections and other critical locations using se-
mantic information extracted from onboard images. The corrected angle values and hidden Markov model
are then utilized to match these key trajectory points with nodes, enabling the detection and correction of
overall trajectory position offsets. Finally, Wuhan city is selected as the research area, and 30 sets of trajec-

tory data accompanied by onboard images are used to validate the effectiveness of the proposed method.
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Results: The difference between the estimated driving angle and the true driving angle of the vehicle is with-
in 30°, meeting the accuracy requirements of map—matching algorithms. The overall position correction ac-
curacy of the trajectory is within 30 meters, with potential sub-meter accuracy at best. This performance is
primarily influenced by the quality of road network data, highlighting that the proposed method relies on
high—quality road network data to effectively address abnormal trajectory data with significant positional off-
sets. The high—quality trajectory data obtained after pre—correction can significantly enhance the accuracy of
map-matching algorithms, resolving issues related to incorrect matches and relative positional deviations.
Conclusions: The proposed innovative method effectively detects and corrects abnormal driving angles and
overall trajectory offsets, significantly enhancing the quality of crowdsourced trajectory data. This improve-
ment further aids in increasing the accuracy of trajectory position correction in map—matching algorithms.
Additionally, it offers valuable technical support and methodological guidance for advancing the application
of high—definition map crowdsourcing updates.

Key words: vehicle-borne images; trajectory position correction; abnormal angle correction; high—defini-

tion map; crowdsourcing data
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Fig. 1 Flowchart of Incremental SfM Algorithm for

Vehicle-Borne Images
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Position Correction
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Research Area and Experimental Data
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Table 1 Statistics of Experimental Data

Bdlagnts CaB BE/m O REEEUER/s | Bdigis B0 BAR/m REEE/s | BdEgS ica e BAE/m REEPIE/s
1 38 591.37 1 11 48 574.30 2 21 30 280.54 2.5
2 124 1404.77 1.5 12 34 375.78 4.5 22 36 410.84 1
3 56 633.72 1 13 37 434.01 1 23 32 420.77 1
4 156 1522.06 1.5 14 35 389.84 3 24 60 731.91 1.5
5 63 674.17 1.5 15 47 660.09 1.5 25 38 457.67 1.5
6 69 835.29 2 16 37 347.20 1 26 100 799.97 2
7 42 265.87 1 17 189 2095.15 1.5 27 94 971.17 1.5
8 36 660.16 1 18 99 796.71 1 28 35 277.02 1
9 70 652.05 2 19 42 412.38 1 29 285 3 346.66 1.5
10 49 440.22 1.5 20 48 655.53 1.5 30 30 217.39 1
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Table 2 Statistics of Driving Angle Estimation Results

By ST A/ () S T M AR/ C) || Bl SRR mA /) SEBATHIr A2/ )
G5 mORM ROoME CFIM RKRME B/ME O FEIM | ST R BME P BRI RME PRI
1 8.05 0.89 4.30 6.49 0.66 3.39 16 17.90 2.39 9.37 10.41 0.95 7.66
2 25.51 1.20 15.70 23.50 0.18 11.96 17 12.51 3.87 7.18 20.45 0.55 9.48
3 21.60 2.40 10.66 18.21 0.54 9.15 18 9.11 0.64 6.69 17.27 0.03 9.15
4 13.39 2.78 7.39 15.71 0.70 8.77 19 12.55 3.41 4.36 20.02 3.51 7.47
5 18.21 2.39 11.50 16.31 2.27 9.62 20 10.15 0.41 4.73 15.79 6.06 8.99
6 6.03 0.02 4.27 11.65 3.60 8.27 21 23.29 0.06 8.09 10.36 2.04 7.12
7 20.20 3.91 9.60 28.64 0.28 7.93 22 7.37 0.02 3.64 25.30 0.01 6.76
8 21.53 8.75 18.28 21.92 10.00 17.97 23 15.61 2.59 8.57 15.48 1.75 5.91
9 16.57 5.24 9.28 15.18 2.26 8.22 24 21.33 0.06 10.00 23.08 0.86 8.53
10 9.48 6.46 8.42 20.83 9.43 12.16 25 8.62 4.50 6.06 12.45 0.47 6.23
11 9.27 2.05 8.43 10.24 1.08 8.38 26 11.81 6.64 8.49 24.41 2.70 8.72
12 13.80 1.89 4.50 7.98 0.09 2.53 27 19.80 0.83 11.98 19.41 0.11 10.39
13 22.27 0.16 12.02 21.30 4.21 11.12 28 10.56 2.87 7.66 12.13 4.07 9.23
14 12.51 0.05 7.61 17.06 2.15 9.28 29 8.39 0.42 4.42 17.65 0.44 7.57
15 29.13 1.56 6.06 23.71 1.56 5.85 30 5.66 0.09 3.18 11.26 0.79 6.29
®3 LTRERETHEAEANAZEERSHE
Table 3 Statistics of Ordinary Abnormal Driving Angle Detection Method
s S TR mmEZ/(C) SESTMTmMEZ/C) || s S TR M/ () Sl M2/ )
G WK BUME PRI RORM BME OTHM || S5 Bk BOME T B RoME T
1 149.60 0.00 14.33 149.96 0.03 10.97 16 178.50 0.00 4.08 174.04 0.00 3.46
2 61.40 0.00 3.56 86.53 0.01 3.47 17 40.10 0.00 8.70 43.56 0.00 10.04
3 15.20 0.00 2.28 66.42 0.01 3.07 18 40.10 0.00 3.55 42.66 0.01 2.82
4 120.10 0.00 4.08 120.23 0.01 5.90 19 27.30 0.00 4.03 44.96 0.06 5.24
5 58.80 0.00 2.49 132.39 0.06 3.57 20 27.10 0.00 1.41 31.94 0.00 1.43
6 20.20 0.00 2.37 22.43 0.00 2.73 21 68.30 0.00 3.03 77.76 0.00 3.08
7 125.70 0.00 3.23 124.91 0.00 4.48 22 40.54 0.05 5.65 40.83 0.09 6.26
8 27.50 0.00 3.57 30.31 0.00 2.59 23 19.19 0.00 2.79 38.93 0.00 3.20
9 9.00 0.00 3.86 29.62 0.12 4.46 24 79.38 0.00 4.16 71.97 0.00 4.83
10 87.10 0.00 4.99 82.57 0.01 7.03 25 172.24 0.00 4.09 171.56 0.00 4.16
11 32.00 0.00 3.92 74.39 0.00 4.82 26 43.75 0.00 5.14 57.43 0.00 7.00
12 89.20 0.00 3.55 82.21 0.00 3.92 27 83.65 0.00 3.74 71.25 0.00 4.46
13 75.20 0.00 6.73 96.20 0.04 5.69 28 71.06 0.00 4.50 179.43 0.00 5.08
14 106.00 0.00 7.93 107.28 0.00 8.20 29 75.01 0.03 4.19 82.35 0.01 3.92
15 175.30 0.00 8.79 174.22 0.01 10.97 30 90.60 0.00 2.83 89.49 0.00 3.36
x4 BERGEHABBERINGERLE
Table 4 Summary of Road Scenes Sample Data and Training Results
B A B R I ERR  WHERRE  VGG-16&IER/Y VGG-16& 4% /%
ji:qm] 1727 Bl LY 5000 1250 90.80 97.12
BEALE e
ILCAH 360 %*ﬂ?k%%ﬂ% 5000 1250 96.58 88.08
e 9 B
b 482 5,40 3 5000 1250 98.65 87.60
HAb by 5 6 250 A5 5000 1250 88.68 99.13
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Table 5 Experimental Result of Trajectory Overall
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Fig. 6 Result of Trajectory Overall Position Correction
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