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Outline
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• Visual Odometry

• Tracked Features: visual keypoints

• Visual SLAM

• Place visual recognition

• Visual ego-localization with Deep-Learning
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Visual ego-localization
problematic

Where am I?

(position+bearing)

Where am I?

(position+bearing)



Visual ego-Localization for Intelligent Vehicles, Pr. Fabien MOUTARDE, Center for Robotics, MINES ParisTech, PSL, Oct.2019   5

Visual ego-localization
motivations

• GPS not always available (indoor, tunnels,

underground parkings, « urban canyons »)

• GPS precision quite low (up to 10m error ! 
[except for differential GPS]

• GPS directly provides position but NOT the 

orientation (only the local orientation of 

TRAJECTORY can be estimated over time)

• Odometry is quite imprecise (cf. wheel slip!), 

and subject to large rapid cumulative errors

• Inertial Measurement Unit (IMU) expansive if 

precise, and subject to cumulative errors
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Visual ego-localization
approaches

• Triangulation of visual geo-tagged landmarks

• Visual Odometry

• Visual SLAM

• Place visual recognition  

+ Visual ego-localization by keypoints matching

with geo-tagged images
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Visual ego-localization by 
triangulation using visual landmarks

But difficult to have enough pre-recorded

and geo-tagged landmarks everywhere!
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Visual Odometry

Visual Odometry (VO) = estimating ego-movement

of camera by analysis of the video

• Possible only if:

– Sufficient overlap between consecutive frames

– Dominance of static scene over moving objects in the 

Field of View

– Enough texture to allow extraction of apparent motion
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Visual Odometry
working principle
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Visual Odometry: 
estimation of relative motion
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Visual Odometry flow chart
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Features: visual keypoints

è Choice of keypoints detector is critical ! 
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Visual keypoints DETECTORS
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Harris corners detector (1988)
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FAST corners detector

FAST = Features from Accelerated Segment Test 
[Rosten et al., PAMI 2010] 
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Keypoints DESCRIPTORS 
for Visual Odometry

[Rublee et al., ICCV 2011] 

ORB descriptor
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Visual ego-localization
using SLAM

SLAM = Simultaneous Localization and Mapping

• Progressive creation of a « local » map within

which the localization is computed

• Can be done with vision, but also with other

sensor (in particular laser/LIDAR)
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Visual Odometry
vs Visual SLAM 
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Feature-based Visual SLAM

From Juan D. Tardos (Univ. Zaragoza) slides
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Projection of point j on 
camera i

Camera pose

From Juan D. Tardos (Univ. Zaragoza) slides
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Minimization of reprojection
errors

where

From Juan D. Tardos (Univ. Zaragoza) slides
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Bundle Adjustment (BA)

From Juan D. Tardos (Univ. Zaragoza) slides
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Choice of features
(keypoints type)

From Juan D. Tardos (Univ. Zaragoza) slides

As for Visual Odometry, 

usual SIFT or SURF are clearly not the best choice!  
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Feature matching

è
From Juan D. Tardos (Univ. Zaragoza) slides
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RANSAC

= RANdom SAmple Consensus

• General statistical method for robust estimation 

in presence of outliers

• Principle: iterate the steps below
• randomly select a subset of points to estimate a 

model

• compute the # of other points compatible with the 

model

• If enough inliers, re-estimate model with all, and 

compute error

• If lower than current-best, replace it with new model 

(& inliers) 
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Loop closure

Requires a place recognition technique

Place recognition also necessary for relocation 

(« kidnapped robot » problem, …)

Correction 

after loop closure
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Visual place recognition

è This is an Image Retrieval particular case

From Akihiro Torii (Tokyo Tech) slides

Coarse visual localization
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Image Retrieval with BoVW

From Akihiro Torii (Tokyo Tech) slides
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Bag-of-Visual-Words (BoVW)

Adapted to images using
keypoints descriptors as a 
representation of image 
content:

• descriptor vectors are quantized
(usually by K-means partitioning) 
into a codebook of « visual words »

• An (sub-)image is represented by 
an histogram of codebook
occurences

Inspired from text analysis in which a piece of text is

represented by a sparse vector of the number of occurrences 

of each word of a dictionary
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Image description

From Akihiro Torii (Tokyo Tech) slides
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Building visual « vocabulary »
(offline)

From Akihiro Torii (Tokyo Tech) slides
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Computing BoVW sparse
histogram for an image

From Akihiro Torii (Tokyo Tech) slides
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TF-IDF

Giving larger weights to uncommon words

= Term Frequency-Inverse Document Frequency
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Alternative to BoVW: VLAD

= Vector of Locally Aggregated Descriptors 
[Jégou et al. 2010]

From Akihiro Torii (Tokyo Tech) slides

Use a sum of residuals instead of a TF-IDF histogram
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Retrieval from query: 
inverted file indexing

From Akihiro Torii (Tokyo Tech) slides
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Re-ranking
by geometric verification

From Akihiro Torii (Tokyo Tech) slides
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Visual fine ego-localization
using keypoints

• Estimation of translation+rotation

by multiple matches of keypoint

descriptors (SIFT, SURF, ORB, 

vLAD, …) between query and 

match 

• Requires elimination of outliers

by RANSAC

Visual ego-Localization for Intelligent Vehicles, Pr. Fabien MOUTARDE, Center for Robotics, MINES ParisTech, PSL, Oct.2019   42

Outline

• Definition, motivations, principle & methods overview

• Visual Odometry

• Tracked Features: visual keypoints

• Visual SLAM

• Place visual recognition

• Visual ego-localization with Deep-Learning



Visual ego-Localization for Intelligent Vehicles, Pr. Fabien MOUTARDE, Center for Robotics, MINES ParisTech, PSL, Oct.2019   43

PoseNet: 6-DoF camera pose 
regression with Deep-Learning

[A. Kendall, M. Grimes & R. Cipolla, "PoseNet: A Convolutional Network for Real-Time 6-DOF Camera 

Relocalization« , ICCV’2015, pp. 2938-2946]
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PoseNet applies Transfer learning for a 
task totally different from classification!

By removing last layer(s) (those for classification) of a convNet
trained on ImageNet, one obtains a transformation of any
input image into a semi-abstract representation, which can
be used for learning SOMETHING ELSE (« transfer learning »)
by creating new convNet output and perform learning of
new output layers + fine-tuning of re-used layers
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PoseNet training data 
and test results
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PoseNet results on other tests



Visual ego-Localization for Intelligent Vehicles, Pr. Fabien MOUTARDE, Center for Robotics, MINES ParisTech, PSL, Oct.2019   47

PoseNet results summary

Visual ego-Localization for Intelligent Vehicles, Pr. Fabien MOUTARDE, Center for Robotics, MINES ParisTech, PSL, Oct.2019   48

PoseNet robustness
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PoseNet summary: 
robust to scene change + very fast
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PoseNet: importance of relative 
weighting of position-orientation errors
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PoseNet performance 
improves with more data
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PoseNet: graceful degradation with
increased spacing of training images
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PoseNet: 
importance of transfer learning
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PoseNet vs.
traditional methods

PoseNet less precise, but much faster

and can work with much smaller images


