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Visual odometry
Determining the position and orientation of a vehicle based on camera images

Video Trajectory
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Applications
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Autonomous vehicles

Rough terrain

RoboticsDrones

Space exploration Agriculture
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Types of cameras

Stereo cameras allow to determine depth
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Approaches

Feature-based methods
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Direct methods
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Limitations and risk analysis of the problem
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Bad weather or lighting conditions 

Requires good image quality

Needs a fast CPU/GPU

Might be inaccurate

Difficult to use in real time
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Why not traditional odometry?

● Does not provide full trajectory, just the 
distance from the beginning.

● Cannot detect loops in the trajectory.
● Has less research value.
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Similarity between framesStable imageAdequate lighting

Assumptions
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Outline of the algorithm
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Loading two frames

Feature detection

Estimating the 3D location of features

Estimation of camera motion based on the movement of features
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Camera calibration and image preparation
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Internal parameters

Image distortion

Relative position of both cameras UNDISTORTION

RECTIFICATION

ORIGINAL IMAGE

FINAL IMAGE
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Image depth determination

Disparity
The distance between corresponding pixels in the left and right images.

12

LR



Visual Odometry – Application of Computer Vision to Trajectory Estimation / 26

Feature (corner) detection

✔  Corner of a window❌  Wall
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❌  Edge of a building
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Feature tracking

Displacement of features compared to the previous frame
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Displacement of features compared to the previous frame
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Feature tracking
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Determining the 3D location of features
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● We compare the 3D positions of the features in two consecutive frames
● We determine the approximate transformation of the camera

(translation + rotation) that explains these displacements

What movement caused this impression?
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Complete algorithm
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L        R

1
2

Stereo video

Trajectory

Main loop
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Testing and evaluation
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Evaluation of our System
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Tests with our Data (ZED 2i)

KITTI Visual Odometry Dataset
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Results

21

V1



Visual Odometry – Application of Computer Vision to Trajectory Estimation / 26

Results
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Further development

● Development of real-time 
capabilities (integration with ROS2

● Improvement of the algorithm
● Optimisation of the algorithm
● Combining data from other 

sources GPS, IMU, wheel 
odometry, steering wheel angle)

● Extension to SLAM Simultaneous 
Localization and Mapping)
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Recognition of our work and inter-university collaboration 

24

XLII International Student Seminar on Mechanical Engineering
Military University of Technology



Visual Odometry – Application of Computer Vision to Trajectory Estimation / 26

Images

● Andreas Geiger, Philip Lenz, Raquel Urtasun 2012. Are we ready for Autonomous Driving? The KITTI 
Vision Benchmark Suite. Conference on Computer Vision and Pattern Recognition CVPR.

● https://lodzsolarteam.p.lodz.pl/
● https://matheo.uliege.be/bitstream/2268.2/3144/5/master-thesis-Tom-Ewbank.pdf
● https://www.researchgate.net/figure/Monocular-a-and-stereo-b-camera-courtesy-of-ELP_fig3_373354

379
● https://unsplash.com/photos/red-and-white-race-way-near-concrete-building-ECju13NcBzg
● ID 194563085 Tawatdchai Muelae | Dreamstime.com
● https://commons.wikimedia.org/w/index.php?curid=1284473
● https://www.kickstarter.com/projects/markdrone/mark-worlds-1st-visual-inertial-odometry-positioni
● https://zeenews.india.com/hindi/auto-news/photo-gallery-how-much-important-adas-system-in-car-ch

eck-all-the-features/2725021
● https://www.kudan.io/blog/direct-visual-slam/
● https://www.researchgate.net/figure/The-feature-tracking-problem-considering-two-consecutive-fram

es-from-a-video-sequence_fig10_321350944
● https://www.aniwaa.com/wp-content/uploads/2020/07/zed-menu.jpg

25



Visual Odometry – Application of Computer Vision to Trajectory Estimation / 26

Sources

● Aqel, M.O.A., Marhaban, M.H., Saripan, M.I. et al. Review of visual odometry: types, 
approaches, challenges, and applications. SpringerPlus 5, 1897 2016. 
https://doi.org/10.1186/s4006401635737

● Aloimonos, Y. CMSC426 Computer Vision Course Notes. https://cmsc426.github.io/
● https://rpg.ifi.uzh.ch/docs/Visual_Odometry_Tutorial.pdf 
● Z. Zhang and D. Scaramuzza, "A Tutorial on Quantitative Trajectory Evaluation for 

Visual(-Inertial) Odometry," 2018 IEEE/RSJ International Conference on Intelligent Robots and 
Systems IROS, Madrid, Spain, 2018, pp. 72447251, doi: 10.1109/IROS.2018.8593941.

● Lipu Zhou, Guoquan Huang, Yinian Mao, Shengze Wang, and Michael Kaess. EDPLVO 
Efficient Direct Point-Line Visual Odometry

● Nezhadshahbodaghi, M., Mosavi, M.R. & Hajialinajar, M.T. Fusing denoised stereo visual 
odometry, INS and GPS measurements for autonomous navigation in a tightly coupled 
approach. GPS Solut 25, 47 2021. https://doi.org/10.1007/s10291021010844

26


