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Introduction

I Cameras are essential in visual perception.
I Estimation of extrinsic camera parameters, i.e. visual odometry, is a basic

problem in both
I computer vision and
I robotics.

I Our work deals with the utilization of affine transformations for stereo pose
estimation,

I instead of using only point correspondences.
I Possible application area: autonomous driving.

I Autonomous cars are equipped with digital cameras.
I Autonomous driving is very popular.



Project Plan

I Goal: Develop algorithms for 3D Computer Vision.
I Principal application area: vision systems for autonomous vehicles.
I Plan of research:

I First semester. Visual odometry using affine transformations.
I Second semester. Estimation of affine transformations between images.
I Third semester. Segmentation of planar surfaces.
I Fourth semester. Special surfaces: horizontal and vertical planes.
I Fifth semester. Segmentation of moving objects.
I Sixth semester. Camera-based free-space detection.



Motivation: Three-view Geometry of a Surflet
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I Perspective (pinhole) camera applied



Point Correspondence (PC)-based Approaches
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I Common approaches: 3D parameters estimated from patch centers



Affine Correspondence (AC)-based Approaches
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I Novel Approach: Patch Deformation Considered.
→ 3D motion / surflet normal partially decoded in affinities.



Motivation: Example for AC-utilization

I Two frames taken by a car-mounted camera. It is trivial that size of patches
depends on the distance of the objects.



Literature Overview

I PC-based solution dominates the literature, e.g. [Hartley&Zissermann].
I ACs can be applied for estimating

I Surface normals: [Köser PhD 2009], [Barath&Hajder
CVWW2014+VISAPP2015]

I Homographies: [Barath&Hajder PRL 2016]
I Fundamental matrix:

I from 3 ACs [Bentolila & Francos CVIU 2014]
I Essential matrix (relative pose):

I from 2 ACs: [Raposo et al. CVPR 2016]
I from 2ACs, focal length also estimated: [Barath et al. CVPR 2017]

I Camera parameters [Eichhardt & Hajder ICPR 2016] [Eichhardt & Chetverikov
ECCV 2018]

I Structure and Motion (SfM) [Eichhardt & Hajder ICCV WS 2017]



Application #1: Perspective Structure from Motion

I Affine transformation can be detected for each images pair→ more
information available from affine transformations.
→ Occlusion can be handled.

I Spatial points„ surface normals and camera parameters jointly estimated.
→ Numerical method, so-called ’bundle adjustment’, is adapted .

→ Ivan Eichhardt, Levente Hajder: Computer Vision Meets Geometric Modeling: Multi-view Reconstruction of
Surface Points and Normals using Affine Correspondences. International Conference on Computer Vision,
M3D Workshop, 2017.



Applications #2: Plane Fitting via Homography Estimation

I Transformation between correponding planes in images represented by 3× 3
homography matrix

I Homography can be estimated using affine correspondences.
I Proposed algorithms:

I General case: homography estimation from two affine correspondences (ACs)
I Only a single AC required if epipolar geometry is known.
→ Epipolar geometry can be estimated both from point and affine

correspondences.
→ Daniel Barath, Levente Hajder: A theory of point-wise homography estimation. Pattern Recognition Letters

94: 7-14 (2017)



Applications #2: Plane Fitting via Homography Estimation

I A single affine correspondence yields a plane-plane homography→ a
hypothesis for a plane obtained.

I Feature points corresponding to the homography can be segmented.
I It can be inserted into a multi-model fitting framework.
→ Daniel Barath, Jiri Matas, Levente Hajder Multi-H: Efficient recovery of tangent planes in stereo images.

British Machine Vision Conference 2016.




