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Vehicle Trajectory Correction in ORB Visual SLAM Using Extended Kalman Filter
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Abstract : This study proposed a trajectory fusion technique using the Extended Kalman Filter(EKF) to improve the
accuracy of vehicle trajectories generated by ORB-SLAM. Although ORB-SLAM is an efficient feature-based visual SLAM
algorithm, its accuracy may degrade in long-term autonomous vehicle trajectory tracking due to sensor noise and cumulative
errors. Hence, this study applied an EKF to filter and correct the ORB-SLAM output trajectory, thereby achieving more
refined vehicle position estimation results. Experiments were conducted in the KITTI public dataset environment to evaluate
the performance of the proposed method. The results showed that the EKF-based vehicle position estimation fusion technique
recorded lower trajectory errors for the ego-vehicle trajectory than the conventional ORB-SLAM and other Visual SLAM
algorithms. This study presents a novel approach to enhancing vehicle position estimation accuracy in ORB-SLAM systems
and is expected to be applicable in autonomous driving navigation applications.

Key words : Simultaneous localization and mapping(£ #), Extended kalman filter(Z+7d Z'%F 2 H), Autonomous
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Nomenclature 1. Introduction

-1 : the previous state estimate(mean) AEF8 A28 A AA 2H due|Se A e
Ye1 : the previous state covariance matrix(uncertainty 2Feko] 9] %] wpora) Faf bR L HASE A @
in the estimate) o]t} GPSY IMUS} & E2) 4 AA 7} xFe] A&

U : the control input applied at the current step S & gl o, o] A= A Aok} o] =4
Z : the current measurement or observation Hokslo] A A o] ol A7) wAlsit) Ed,
n : number of data points IMUE 2}eke] 114 F83) 3 Fao A F4 ¢ 217}
Vi : actual value(ground truth) WAl s}, sl GPSE 112 WY of 93k 714 0 2 o3
%o cpredicted value A 2700 A Aol 917 F4ol Aokl ol el &

. A% G857 919 SauelEH 14 7ol LA

Subscripts - W59 SLAM(Visual Simultaneous Localization

Orb : orb predicted result ordinate and Mapping)?-< 71| 2} G Ak o 22 BE] 2}E9] o] F #]4
A, B, C, P : nodal point S FAs= dA 71E2 AEFa Uk 53] ORB-
L,R : left, right SLAM(Oriented FAST and Rotated BRIEF SLAM)> 57 4
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parallel, indicating improved global consistency and
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Fig. 6 This indicates the number of matched feature points
ORB between images. The green lines represent only
the correctly matched points (valid correspondences,
inliers) among all matched points. Only 47 % of the
matched data was used as inliers
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Table 1 Bench mark test comparison of Mean RMSE using

KITTI Scene 06
RMSE (m) EKF Reduction (%)
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SUPER POINT 2911 0

ORB-SLAM 2.283 0
EKF SIFT 1.968 7.3 %
EKF SUPER POINT 2.672 821 %
EKF ORB-SLAM 1.783 21.9%
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Fig. 7 This indicates the number of matched feature points
SIFT between images. The green lines represent only
the correctly matched points(valid correspondences,
inliers) among all matched points. about 75 % of the
matched data was used as inliers
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Fig. 8 Ekf Covariance Data: This shows the change in ekf
covariance over time. The ekf represents the
uncertainty of the estimated pose, and it is observed to
converge toward zero

gkl ool = gheharl F=gst7] Bk, 2714k tiv] 74
ki3 0]3 A& AA {Ftﬂﬁ‘r o] 4 A oletE
(AX/At<001, == Steady-

. 5, Fig. 82 EKF 4§ % 54
Hi‘f”*%l adhar, o] 5 F& W] HollA kAo

= fAHE 22 AGA e R weET,

bl

-LJ

N

-~

mlo
U r_&

0_>|J_, o
L

-

l‘i

5. Conclusion

72} 719 ORB-SLAMO] 4%??
ojxkel #AA o] 5 A eakE Fol7] As &
= =A% A Ty °4i
Alrgtet. A= 2he] 9 l xoFy= g olstal #
ORB-SLAMo| A|&3t= #iaE AHE3 o5 7
WSSO 2 S BlE-S Akl whed sk Ay
o & 7}Z §8soh KITTI vl o] Bl Al o] A A A] &
Al A AlgEe whek QA A o0 72 FH A st
A2=9] A4 2= ORB-SLAM ] FA %
S0] RMSE+= 2283941 1.7830.2 /A &
Z3 Bl = ekf FAST ORB7} 1.783% ekf SIFT
19683} ekf SUPERPOINT 2.672 5.t} 714 sk}, 2] -4
H FRAEZFHF-E QoA BA A4 ¢ 517
2 e} eslE o] X o] 29 Y X]-XJULQ on
2 Q) 7w o] AstE e AL Aol A A F
Aol eHg Ao ® FAHATE 2 A e
7F AU B4 o A s 2 Hed RdE 898
A] 231 7155 ORB SLAM po ZejQlef] wpe &5 4
ol AATHY 2 T Bol S BAgshHA A2 g
TE /]\?1_7%17@ o7 z‘;]:AL}\];'] x—]o] X oq *Lg] SHN 7]041;}
2 =304 AQFsE EKF-ORB-SLAM-2 & KITTI
odometry & o] E] Al 2] ] 3 A]F2~(Scene-06)ll T3l A3
Hon, o= 4l Z - AB -Ude] £34 shite]
& Alte] ol i gk Abe] A tol| sl g gl whEbA] &
T2 e 2 gAY 9 5 B} thefdt =2 317
I Hg Al 2ol gigh FAA o] o] FA XA 23
th= SAI7E Th &% ATl A= oAy Al E A Y T

l‘-.aoI‘

3

Ol

m>~
e O > J[N'

p

=]
ot > =2 it rlo m\“ rlr

Aig
o 2

—IE];—:_

_1

o] Al Frsle] thekdl A4 wje oA o] Al eS A
FA o2 FAEka, EKF g Y fFdel mE R E
7HA] 23k g A S T o g o)t

References

1) R.Mur-Artal and J. D. Tardos, “ORB-SLAM: A Versatile
and Accurate Monocular SLAM System,” IEEE
Transactions on Robotics, Vol.31, No.5, pp.1147-1163,
2015.

Transactions of the Korean Society of Automotive Engineers, Vol. 34, No. 3 2026 381



2)

3)

4

5)

6)

7)

8)

9)

10)

1)

12)

Junhan Kim - Yeonsik Kang

Mur-Artal and J. D. Tardés, “ORB-SLAM2: An Open-
Source SLAM System for Monocular, Stereo, and RGB-
D Cameras,” IEEE Transactions on Robotics, Vol.33,
No.5, pp.1255-1262, 2017.

Campos, R. Elvira, J. J. Gdmez Rodriguez, J. M. M.
Montiel and J. D. Tardés, “ORB-SLAM3: An Accurate
Open-Source Library for Visual, Visual-Inertial, and
Multi-Map SLAM,” IEEE Transactions on Robotics,
Vol.37, No.6, pp.1874-1890, 2021.

M. Servicres, V. Renaudin, A. Dupuis and N. Antigny,
“Visual and Visual-Inertial SLAM: State of the Art,
Classification, and Experimental Benchmarking,” Journal
of Sensors, Paper N0.2054828, pp.1-26, 2021.

G. Klein and D. Murray, “Parallel Tracking and Mapping
for Small AR Workspaces,” IEEE and ACM International
Symposium on Mixed and Augmented Reality ISMAR),
pp.225-234,2007.

E. Rublee, V. Rabaud, K. Konolige and G. Bradski, “ORB:

An Efficient Alternative to SIFT or SURFE” IEEE
International Conference on Computer Vision (ICCV),
pp-2564-2571, 2011.

R. Kiimmerle, G. Grisetti, H. Strasdat, K. Konolige and
W. Burgard, “g20: A General Framework for Graph
Optimization,” IEEE International Conference on Robotics
and Automation (ICRA), pp.3607-3613, 2011.

T. Qin, P. Li and S. Shen, “VINS-Mono: A Robust and
Versatile Monocular Visual-Inertial State Estimator,”
IEEE Transactions on Robotics, Vol.34, No.4, pp.1004-
1020, 2018.

S. Leutenegger, M. Furgale, V. Rabaud and R. Siegwart,
“Keyframe-Based Visual-Inertial Odometry Using
Nonlinear Optimization,” The International Journal of
Robotics Research, Vol.34, No.3, pp.314-334, 2015.

W. Hess, D. Kohler, H. Rapp and D. Andor, “Real-Time
Loop Closure in 2D LIDAR SLAM,” IEEE International
Conference on Robotics and Automation (ICRA),
pp-1271-1278, 2016.

H. Lim, M. Renaudin, A. Dupuis and N. Antigny,
“ORORA: Outlier-Robust Radar Odometry,” IEEE
International Conference on Robotics and Automation
(ICRA), pp.2046-2053, 2023.

T. Shan, B. Englot, D. Meyers, W. Wang, C. Ratti and D.
Rus, “LIO-SAM: Tightly-Coupled Lidar Inertial Odometry

382 ERASASEE =232 A34A H3Z, 2026

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

via Smoothing and Mapping,” IEEE/RSJ International
Conference on Intelligent Robots and Systems (IROS),
pp-5135-5142,2020.

C. Kim and K. Huh, “Development of a Pose and Position
Estimation Algorithm with Considering the Error and
Latency from the GPS and In-Vehicle Sensors,”
Transactions of KSAE, Vol.26, No.5, pp.620-629, 2018.
E. Rosten and T. Drummond, ‘“Machine Learning for
High-Speed Corner Detection,” European Conference on
Computer Vision (ECCV), pp.430-443, 2006.

D. G. Lowe, “Distinctive Image Features from Scale-
Invariant Keypoints,” International Journal of Computer
Vision, Vol.60, No.2, pp.91-110, 2004.

D. DeTone, T. Malisiewicz and A. Rabinovich, “SuperPoint:
Self-Supervised Interest Point Detection and Description,’
IEEE Conference on Computer Vision and Pattern
Recognition Workshops (CVPR Workshops), pp.337-350,
2018.

J. Sun, Z. Shen, Y. Wang, H. Bao and X. Zhou, “LoFTR:
Detector-Free Local Feature Matching with Transformers,”
IEEE Conference on Computer Vision and Pattern
Recognition (CVPR), pp.8922-8931, 2021.

M. Tyszkiewicz, P. Fua and E. Trulls, “DISK: Learning
Local Features with Policy Gradient,” Advances in Neural
Information Processing Systems (NeurIPS), Vol.33,
pp.9706-9718, 2020.

P-E. Sarlin, D. DeTone, T. Malisiewicz and A. Rabinovich,
“SuperGlue: Learning Feature Matching with Graph
Neural Networks,” IEEE Conference on Computer Vision
and Pattern Recognition (CVPR), pp.4938-4947, 2020.
L. Lindenberger, P.-E. Sarlin, V. Larsson and M. Pollefeys,
“LightGlue: Local Feature Matching at Light Speed,”
IEEE International Conference on Computer Vision
(ICCV), pp.17627-17636, 2023.

Z. Teed and J. Deng, “DROID-SLAM: Deep Visual
SLAM for Monocular, Stereo, and RGB-D Cameras,”
Advances in Neural Information Processing Systems
(NeurIPS), Vol.34, pp.16558-16569, 2021.

J. Wang, Y. Zhong, J. Zhang and Y. Xie, “TransVPR:
Transformer Based Place Recognition with Multi-Level
Attention,” IEEE Conference on Computer Vision and
Pattern Recognition (CVPR), pp.13643-13652, 2022.

il



	EKF를 활용한 ORB Visual SLAM 차량 궤적 보정에 관한 연구
	Abstract
	1. Introduction
	2. Related Work
	3. Method
	4. Result
	5. Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




