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Abstract: Objectives: Trajectory data obtained from low-cost crowdsourcing devices often suffer
from overall positional offsets and abnormal attribute recordings, 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 position offsets and abnormal driving angles based on
continuous onboard images. Our 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, followed 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 semantic
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 trajectory data accompanied by onboard images are used to validate the effectiveness of the
proposed method. Results: Experimental results show that: (1) The difference between the
estimated driving angle and the true driving angle of the vehicle is within 30°, meeting the accuracy
requirements of map-matching algorithms. (2) The overall position correction accuracy of the
trajectory is within 30 meters, with potential sub-meter accuracy at best. This performance is
primarily influenced by the quality of the road network data, highlighting that the method relies on
high-quality road network data to effectively address abnormal trajectory data with significant
positional offsets. (3) 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 improvement 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-definition map; crowdsourcing data
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Figure 1. Research framework
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Figure 3 Technology roadmap of trajectory overall position correction method
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Figure 7. Research area and experimental data
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Table 1. Statistical table of experimental data

Hedi el iy PRSI Hed R i PR ES Hodig iR v PRESIES
Datal 38 591.37 K 18 Datall 48 5743 K 28 Data21 30 280.54 K 25
Data2 124 1404.77 K 15 Datal2 34 375.78 K 45 Data22 36 410.84 K 15
Data3 56 633.72 K 1/ Datal3 37 434.01 % 1% Data23 32 420.77 & 1%
Data4 156 1522.06 >k 15% Datal4 35 389.84 K 3 Data24 60 731.91 K 15
Data5 63 674.17 K 15 Datal5 47 660.09 K 15 Data25 38 457.67 K 15 %
Data6 69 835.29 K 28 Datal6 37 347.2 K 1% Data26 100 799.97 Kk 2%
Data7 42 265.87 K 1/ Datal7 189 2095.15 >k 15 Data27 94 971.17 %k 15%
Data8 36 660.16 K 1/ Datal8 99 796.71 K 1% Data28 35 277.02 % 1%
Data9 70 652.05 K 28 Datal9 42 412.38 K 1% Data29 285 3346.66 K 15 %
Datal0 49 440.22 K 15 Data20 48 655.53 K 15 Data30 30 217.39 % 1%

2.2 REABKIE

FIFH OpenStM HEZZ AL FH A 428 EHR I PO K, A &0 22 3 UG 2 TR PR B R R AIE B
N 50 HEREHEILAC A o5 A VLD s 51/ T T0% 0, 78 24 B A B AR SUdE s 70 9 P o 5 Ut s
VB R T ULHC 0 9 PR 2 TR] P e RIS T B B o 4 AN i, B BHR R 5 HAE SB I TS % 2 A
B HEAT AR ACVC IS, LABIS LE PR 37 S5 A AL T 3 BIORH 8 A0z 110 PR <2 ) ) 30 68 R AR AAE 0T s B
FOVEA FAHBLE A AV AR ok A M GPS,  LABES GPS Bl AL &l th 45 R A5 . IbAh, AHt
FUIRIEILHC B S 40 “locality bundle radius” F1 “bundle interval” 2 ZHURA AL OpenSIM A PERE
HAKIMF, bundle radius WE N 1, XEWREERIHT RGN, FU0E BUER A BB R # AT
BA ffift; bundle interval ¥ E N 9999999, Lo {E A FIRISHIN5E i Ja FAAT 427 BA fiLtt,
DA S AT BEHBAR 5 OpenSEM. IIHHAT 203 o 4 Ar 2t vh45 B 5 P vhad sk i 42547 Bk 7 1) DA
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Table 2. Statistical table of driving angle estimation results

N 55 AT BT IR 0 A 2 LT EAT BT TR A S 2 . 5 AT BT 1R 0 S 2 LB FAT BT IR0 2
s BOR ReME T RORfiE BeMi S i R ReME T R ReME T
Datal 8.05 0.89 4.30 6.49 0.66 3.39 Datal6 17.90 239 9.37 10.41 0.95 7.66
Data2 2551 1.20 15.70 23.50 0.18 11.96 Datal7 12,51 3.87 7.18 20.45 0.55 9.48
Data3 21.60 2.40 10.66 18.21 054 9.15 Datal8 9.11 0.64 6.69 17.27 0.03 9.15
Datad 13.39 278 7.39 1571 0.70 8.77 Datal9 12.55 3.41 4.36 20.02 351 7.47
Data5 18.21 2.39 11.50 16.31 2.27 9.62 Data20 10.15 0.41 473 15.79 6.06 8.99
Data6 6.03 0.02 4.27 11.65 3.60 8.27 Data21 23.29 0.06 8.09 10.36 2.04 712
Data? 20.20 3.91 9.60 28.64 0.28 7.93 Data22 7.37 0.02 3.64 25.30 0.01 6.76
Data8 2153 8.75 18.28 21.92 10.00 17.97 Data23 15.61 259 857 15.48 175 5.91
Data9 16.57 5.24 9.28 15.18 2.26 8.22 Data24 21.33 0.06 10.00 23.08 0.86 853
Datal0 9.48 6.46 8.42 20.83 9.43 12.16 Data25 8.62 4.50 6.06 12.45 0.47 6.23
Datall 9.27 2.05 8.43 10.24 1.08 8.38 Data26 11.81 6.64 8.49 24.41 2.70 8.72
Datal2 13.80 1.89 4.50 7.98 0.09 253 Data27 19.80 0.83 11.98 19.41 0.11 10.39
Datal3 22.27 0.16 12.02 21.30 421 11.12 Data28 10.56 2.87 7.66 12.13 4.07 9.23
Datal4 12,51 0.05 7.61 17.06 2.15 9.28 Data29 8.39 0.42 442 17.65 0.44 757
Datal5 29.13 156 6.06 2371 156 5.85 Data30 5.66 0.09 3.18 11.26 0.79 6.29

KIS SRR, BT PO R B A VHE S B AAT 5 170 UGB B AT Bk 5 70 (10 3 5 22 450/
T30 o BH T 0 b PG P 510 K I 0 RSORIMG e 2 B IR ) £ JEE 22 BB TE 60° LAY, DA
R B BT RO FEU), R, 330 SIM B R AR G RE W F T IR AR IE 2R 40 53
WATBETT A BARNFIR,  RTLE A AL THE S 4R A0AT BT A A S At 90° I 45 A A LAl
THE.

W3 ) 57 AT B A AN T i, 3R AR A P A B2 s S TRV T S A AR DA — S
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Table 3. Statistical table of ordinary abnormal driving angle detection method

5 AT LT I B A L2 SR RRAT RS 1B R L 22 5 AT LT 1R B A 2 SR ERAT LT I AR A L2

Hed Heds

RO ReME PR ROKME ReME P ROKME RME PRI ROKME ReME PRI
Datal 149.60 0.00 14.33 149.96 0.03 10.97 Datal6 178.50 0.00 4.08 174.04 0.00 3.46
Data2 61.40 0.00 3.56 86.53 0.01 3.47 Datal7 40.10 0.00 8.70 43.56 0.00 10.04
Data3 15.20 0.00 2.28 66.42 0.01 3.07 Datal8 40.10 0.00 3.55 42.66 0.01 2.82
Data4 120.10 0.00 4.08 120.23 0.01 5.90 Datal9 27.30 0.00 4.03 44.96 0.06 5.24
Data5 58.80 0.00 2.49 132.39 0.06 3.57 Data20 27.10 0.00 141 31.94 0.00 143
Data6 20.20 0.00 2.37 22.43 0.00 273 Data21 68.30 0.00 3.03 71.76 0.00 3.08
Data7 125.70 0.00 3.23 124.91 0.00 4.48 Data22 40.54 0.05 5.65 40.83 0.09 6.26
Data8 27.50 0.00 3.57 3031 0.00 259 Data23 19.19 0.00 2.79 38.93 0.00 3.20
Data9 9.00 0.00 3.86 29.62 0.12 4.46 Data24 79.38 0.00 4.16 71.97 0.00 4.83
Datal0 87.10 0.00 4.99 82.57 0.01 7.03 Data25 172.24 0.00 4.09 171.56 0.00 4.16
Datall 32.00 0.00 3.92 74.39 0.00 4.82 Data26 43.75 0.00 5.14 57.43 0.00 7.00
Datal2 89.20 0.00 3.55 8221 0.00 3.92 Data27 83.65 0.00 3.74 71.25 0.00 4.46
Datal3 75.20 0.00 6.73 96.20 0.04 5.69 Data28 71.06 0.00 4.50 179.43 0.00 5.08
Datal4 106.00 0.00 7.93 107.28 0.00 8.20 Data29 75.01 0.03 4.19 82.35 0.01 3.92
Datal5 175.30 0.00 8.79 174.22 0.01 10.97 Data30 90.60 0.00 2.83 89.49 0.00 3.36
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Table 4. Summary table of road scenes sample data and training results

/[ S F VGG VGG
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WIS HANE g TT I

% 1727 %ﬁﬁ%i 5000 1250 90.80%  97.12%
HWN=! 360 E?i%?jﬁiﬂi? 5000 1250 96.58%  88.08%
ZNVIN
ST 482 iz ﬁ»% 5000 1250 98.65%  87.60%
Fi
Hibdns 6250 At 5000 1250 88.68%  99.13%

AW FEIE A AutoGluon HEZEHHAT BUE 7 SAT 554k,  RATIIZRGFH) VGG-16 Fl ResNet-50
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Table 5. Experimental result of trajectory overall position offset

il R e AmEiRE | BdE AR R AREIRE
Datal 2 16.83 K | Datal5 2 4.20 %
Data2 2 2359 K | Datal? 7 4.49 K
Data3 2 15.50 KX | Data21 2 23.87 k%
Data4 5 0.40 K | Data26 2 23.02 %
Datal3 2 25.25 % | Data29 7 22.63 K
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AT UL P AL DX A A R, LTS 70 B s 5 L ST R A 2 ) (L B AR AR A R 2
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Figure 8. Result of trajectory overall position correction experiment
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Figure 9. Comparison of map-matching results
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