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Fig. 1 Actual view of the vehicle on the road between two consecutive frames and the SIFT

feature points between the two views (images from the Malaga dataset-*))
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Fig. 2 (a)camera coordinate system in top view; Fig. 3 Definition of rotation and translation

(b) camera coordinate system in left view angles for camera plane motion
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Fig. 4 (a)the change of rotation error with image noise level under forward motion;
(b) the change in translation error with image noise level under forward motion
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Fig.5 (a)the change of rotation error with image noise level under random motion;

(b) the change in translation error with image noise level under random motion
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Fig. 6 (a)the rotation error of the 1SIFT method changes with the degree of separation of the observation scene;

(b) the change of the translation error of the 1SIFT method with the degree of separation of the observation scene
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Fig. 7 (a)numerical stability analysis results of rotation error of three comparison methods;
(b)numerical stability analysis results of translation error of three comparison methods
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Fig. 8 The 99% probability excludes the change of the number of iterations of the RANSAC algorithm with the

proportion of the exterior points and the number of point pairs required for the solution
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Fig. 9 Changes in the number of RANSAC iterations under different noise levels of the three methods
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Tab.1 Comparison of the relative rotational errors of the

three methods for the Malaga dataset with 15 sequences(unit; °)

WZRES Fral 1 Pl 2 ¥4 3 741 4 P4 5 741 6 Fral 7 P 8

ISIFT 0.7425 1. 0110 1.1878 2.1955 0. 8363 0. 6638 0.8998 1. 0234
2pt-1 0. 8945 1.5734 3.1298 5. 2850 1. 3079 1. 2883 1. 7493 1. 7360
5pt-1’ 0. 6694 1. 4491 2. 9607 7.9199 0. 9950 2.7341 1. 4613 2.0747
7k Fol 9 F41l 10 F3l 11 F3l 12 Fol13 Fol 14 F3l 15
1SIFT 1. 1351 1. 8259 0. 6506 0.7701 0.9243 0.5017 1.3138
2pt-'e 1. 6666 3. 2160 0. 9539 1. 1709 1. 8426 1. 3363 2.0725
5pt-10] 1. 3807 4. 8171 0. 8042 0.9399 3.4784 5.9957 10. 1376
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Fig. 10 SIFT point matching between two adjacent frames
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Fig. 11 Inlier point matching after 1SIFT method processing
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Fig. 12 (a) rotation error CDF curves of the three participating comparison methods

(data from series 10 of the Malaga dataset); (b) rotation error CDF curves of the three

participating comparison methods (data from sequence 13 of the Malaga dataset)
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Relative pose estimation method based on single SIFT features

TAN Ze, GUAN Banglei, SUN Xiangyi

(Hunan Provincial Key Laboratory of Image Measurement and Vison Navigation, College of Aerospace Science and Engineering,

National University of Defense Technology, Changsha 410073, Hunan, China)

Abstract; Position estimation is one of the fundamental problems in precision optical measurement and
autonomous driving. For practical applications such as autonomous driving, where the camera moves
on a plane and the degrees of freedom of the camera position are three, this paper proposes a camera
relative pose estimation method based on a single SIFT feature. Since the monocular camera cannot
recover the translation scale, the degrees of freedom of the camera motion are reduced to two degrees
of freedom with only rotation and translation angles. By observing the ground, ground homography
information containing camera motion and plane normal vectors can be obtained. Therefore, camera
motion can be restored by extracting homonymous ground points to estimate the homography matrix.
In order to reduce the number of RANSAC interactions and improve the efficiency of the algorithm,
SIFT features are introduced to the pose estimation, which include the coordinates of the homonymous
points in the two images, as well as their feature rotations and feature scales. So that the information
contained in a single point pair can be expanded, and the number of point pairs required for solving the
homography matrix can be reduced efficiently. For the case of planar two-degree-of-freedom motion,
this paper uses a single SIFT feature point pair to complete the estimation of homography matrix, and
then uses Random Sample Consensus algorithm to optimize the results, and finally decomposes the
homography matrix to obtain the relative position estimation results. The proposed method is proved
to be effective by comparing it with the 2pt method and 5pt method in simulation and real
experiments,

Keywords: pose estimation; RANSAC; autonomous driving; planar motion; optical measurement



