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Milk: Monocular Visual Odometry with Motion Constraints Sunglok Choi and Wonpil Yu Robot and Cognitive Convergence Research Dept., ETRI, Republic of Korea (E-mail: [email protected], Web: http://sites.google.com/site/sunglok)



Keywords - Monocular Visual Odometry, Planar Motion, Circular Motion, 1-point RANSAC Visual odometry is a task to estimate ego-motion of a camera using its stream of images. Recently it has gained more attention because its applications to outdoor autonomous navigation. When autonomous vehicles are operated on rough terrain, they undergo 6-DoF three-dimensional motion which cannot be estimated by wheel odometry. Wheel odometry also suffers from error by wheel slippage. Sometimes autonomous cars are difficult to use wheel odometry because rotary encoders should be placed directly on wheels or their shafts. Many researches on visual odometry are based on stereo cameras because they provide image depth additionally. Such depth information enables to estimate camera trajectory with proper scale. In contrast, visual odometry with a single camera cannot estimate length of translational motion due to scale ambiguity. To resolve scale ambiguity, it needs additional information such as known initial motion or structures. However, a single camera has still advantages in the point of cost and simplicity of hardware. Motion Constraints Our monocular visual odometry is based on additional motion constraints, planar and circular motion, proposed by Scaramuzza et al. [1]. Many indoor and on-road vehicles exhibit 3-DoF planar motion. The epipolar constraint under planar motion has two unknowns, θ and φ , where θ is angle of rotation, φ is orientation of translation. We can estimate two unknowns using at least two pairs of features (a.k.a. 2-point algorithm) [2]. Even though motion is not completely circular, its small segments can approximate to circular motion with various curvatures. Circular motion leads additional constraints, θ = 2φ , so at least a pair of features is enough to find θ or φ (a.k.a. 1-point algorithm) [2]. Additionally we also develop 3-point algorithm to take into account pitch motion due to bumps and ramps. Monocular Visual Odometry Our visual odometry is composed of four steps: feature extraction/matching, outlier rejection, motion estimation, and motion accumulation. Feature extraction and matching associate features between adjacent images. We utilize optical flow imThis work was supported partly by the R&D program of MKE and KIAT. (Project: 3D Perception and Robot Navigation Technology for Unstructured Environments, M002300090)
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Abstract - This video introduces about monocular visual odometry based on planar and circular motion assumption. Many indoor and on-road vehicles show planar motion, and each small piece of motion can approximate to circular motion. We presents that the motion constraints generate more accurate trajectories more quickly.
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Fig. 1: Two algorithms were performed on KITTI-07 dataset [5] with its ground truth. VISO2-M is monocular version of libviso2 [3], and Milk is the demonstrated visual odometry with motion constraints. plemented in libvio2 [3]. Outlier rejection is inevitable because matched features cannot agree with camera motion when they are wrongly matched or extracted from moving objects. We adopt 1-point RANSAC [1] which uses 1-point algorithm and a geometric error function by Choi et al. [4]. Since 1-point algorithm uses only one pair of features under the motion assumption, RANSAC needs significantly less number of iterations for outlier removal. We can estimate relative pose between adjacent images using only features corresponding to camera motion. We use 1-point, 2-point, 3-point algorithms, which were selected by the predefined firewall threshold [1]. To resolve scale ambiguity, we assume that the interval between the ground and camera is constant. Scale of motion simply results from the ratio of the interval in the real world and its value in the reconstructed structure. Finally, we can get camera trajectory by accumulating scaled relative pose.
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