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Feature detection is a critical component of visual odometry, directly
influencing position estimation accuracy. This process forms the basis for
identifying key points in images, playing a pivotal role in subsequent
operations such as feature matching and motion tracking. This study examines
the impact of various feature detection algorithms on position estimation
accuracy in visual odometry, focusing on a comparative analysis of the Harris,
FAST, SIFT, CenSurE, and ORB algorithms. Performance evaluation was
conducted based on accuracy and computational efficiency in position
estimation. Each algorithm's average errors and processing times were
calculated and systematically compared using an image dataset. Results
indicate that the CenSurE algorithm is optimal for real-time applications and
scenarios demanding rapid processing due to its lower computational cost. Its
high-speed feature extraction capability makes it particularly suitable for such
use cases. Conversely, despite its higher processing time, the Harris algorithm
offers superior accuracy in position estimation and angular measurement,
making it a preferred choice when precision is prioritized over speed. The
FAST and SIFT algorithms balance accuracy and computational efficiency;
the FAST algorithm, with its lower processing time, performs effectively in
horizontal orientations, whereas the Harris algorithm excels in precision. The
ORB algorithm exhibits moderate speed and acceptable performance but
demonstrates reduced accuracy in certain positional features. This study
enhances the understanding of the trade-offs between accuracy and efficiency
in feature detection for visual odometry, providing a foundation for further
research in optimizing algorithm selection for specific applications.
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1. Visual Odometry(VO)
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Fig. 2. Process of generating difference of gaussian images in
scale space [21].
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Fig. 5. Corner detection process using the segmentation test

[24].
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Fig. 4. Corner detection method using the partitioning test [22].
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3. Non-maximal Suppression



(sl Loz g (59308 el (e ¢Sl glond dlga

(a) (b)

DV Shy ololis )3 (LOG) (g 5l ol 1l - S

Fig. 6. Laplacian of gaussian (log) operator for feature detection
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Fig. 7. Response using the laplacian of gaussian (log) operator

[17].
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Fig. 12. Comparison of position error along the Y-axis for
different feature extraction algorithms.
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Fig. 13. Comparison of position error along the Z-axis for
different feature extraction algorithms.
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Fig. 14. Comparison chart of angle error ¢ in feature extraction
algorithms.
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algorithm outputs in X, Y, and Z coordinates.
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Table 1. Average error of feature extraction algorithms in the
X, Y, and Z directions.

pigoit | Auerae 7 | Averase v | Average X
Harris 37.28 1.55 5.99
SIFT 38.16 1.47 8.11
FAST 36.49 1.53 7.37
ORB 39.21 151 8.14

CenSurkE 39.35 1.47 7.93
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Table 2. Average angle errors in radians based on the analysis
of feature extraction algorithms.

Average Average Average

. Yaw angle Pitch angle Roll angle
Algorithm error (y) error (9) error (¢)

(Rad) (Rad) (Rad)

Harris 0.02933 0.02607 0.03084
SIFT 0.03683 0.02551 0.04226
FAST 0.05858 0.02628 0.06591
ORB 0.03798 0.02469 0.04177
CenSurE 0.03862 0.02312 0.03798

2l slagi ol (glp alsyo o loj g JS hilsp ploj e =¥ Jgue

SR8

Table 3. Total processing time and time per stage for feature
extraction algorithms.

Execution time .
. Total execution
Algorithm per stage .
time (seconds)
(seconds)

Harris 0.12 13.32
SIFT 0.21 23.87
FAST 0.10 9.71
ORB 0.29 11.74
CenSurE 0.03 2.75
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Fig. 15. Comparison chart of angle error 0 in feature extraction
algorithms.
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Fig. 16. Comparison chart of angle error v in feature extraction
algorithms.
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