
Reinforcement Learning 
Meets Visual Odometry

Nico Messikommer*, Giovanni Cioffi*, Mathias Gehrig, 
and Davide Scaramuzza

*equal contributions



SVO with RL (Ours) SVO with heuristic

Lost Track



SVO with RL (Ours) SVO with heuristic

Lost Track



Agent
Neural Network

VO-Method

Observations
Actions

𝑇𝑖

[Map Statistics, Keypoints] Keyframe 
Grid Size

Method



Agent
Neural Network

Environment

Reward

VO-Method

Dataset

𝑡𝑖
𝑡𝑖−𝑘

Reward

Observations
Actions

𝑡𝑖
𝑡𝑖−1𝑡𝑖+1𝑡0

𝑡𝑁

Trajectory
Images

𝑇𝑖

[Map Statistics, Keypoints]

Keyframe 
Grid Size

Method



Environment

Reward

VO-Method

Dataset

𝑡𝑖
𝑡𝑖−𝑘

Reward

Observations
Actions

𝑡𝑖
𝑡𝑖−1𝑡𝑖+1𝑡0

𝑡𝑁

Trajectory
Images

𝑇𝑖

[Map Statistics, Keypoints]

Keyframe 
Grid Size

Method
Agent

Neural Network



Agent

Agent

Keypoints

VO-Method

𝑇𝑖

Variable Encoder

𝑡𝑖−1 𝑡𝑖



Agent

Agent

A
tt

en
ti

o
n

Q

K

V

Keypoints

Latent Tokens

VO-Method

𝑇𝑖

Variable Encoder

𝑡𝑖−1 𝑡𝑖



Agent

Agent

A
tt

en
ti

o
n

Q

K

V

Keypoints

Latent Tokens

VO-Method

𝑇𝑖
Map Stats

Variable Encoder

𝑡𝑖−1 𝑡𝑖

M
LP



Agent

Agent

A
tt

en
ti

o
n

Q

K

V

Keypoints

Latent Tokens

VO-Method

𝑇𝑖
Map Stats

Variable Encoder

M
LP

Keypoint Grid Size

Keyframe:

Actions

𝑡𝑖−1 𝑡𝑖



Agent

Agent

A
tt

en
ti

o
n

Q

K

V

Keypoints

Latent Tokens

VO-Method

𝑇𝑖
Map Stats

Variable Encoder

M
LP

Keypoint Grid Size

Keyframe:

Actions

VO-Method

𝑇𝑖

𝑡𝑖−1 𝑡𝑖

Keypoints

Latent Tokens

Map Stats

𝑡𝑖+1



SVO with RL SVO with heuristic

RL Actions Number of frames
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Source Code: https://github.com/uzh-rpg/rl_vo
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