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Depth and camera motion estimation in videos

Previous approaches:

require extensive 
engineering

require expensive training sets

or

Images taken from mathworks.com
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Proposed solution in 
‘Unsupervised Learning of Depth and Ego-Motion from Video’ 

(Zhou et al., 2017)

Problem: moving objects
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Proposed solution in this paper

● Learning depth and segmentation in two separate sub-networks

● Model both camera and object motion

→ allows to train on unrestricted videos

Two sub-networks for motion and for structure
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Approach in SfM-Net

Depth

Camera 
motion

Segmen-
tation

Object
motion



07/18/2018 SfM-Net     Oliver Lengwinat     Seminar: Recent Advances in 3D Computer Vision 7

– Using unsupervised learning from single image

Approach in SfM-Net
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For each point i:

Approach in SfM-Net



07/18/2018 SfM-Net     Oliver Lengwinat     Seminar: Recent Advances in 3D Computer Vision 9

Approach in SfM-Net
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Approach in SfM-Net
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● First, apply object transformations:

● Then, apply camera transformation:

Approach in SfM-Net

)



07/18/2018 SfM-Net     Oliver Lengwinat     Seminar: Recent Advances in 3D Computer Vision 12

● Projecting each Point                                      back to the image plane:

● The flow U,V between the two frames at pixel i is

Approach in SfM-Net
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Approach in SfM-Net
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Computing Loss in SfM-Net

● Photometric error:

● Forward-backward consistency constraints:

● Spatial smoothness as in ‘Unsupervised Learning of Depth and Ego-Motion 
from Video’

● Supervising depth (optional):

● Supervising camera motion (optional):
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Results

● Depth prediction
● Segmentation
● Camera pose
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Prediction:
Depth

On KITTI 2012 and 2015:
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Prediction:
Depth

On KITTI 2012 and 2015:
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Prediction:
Segmentation

On MoSeg:
– Includes many non-rigid motions

 
Intersection over Union 
(IoU): 

ours:
0.29
benchmark (4 masks) : 
0.30
best:
0.57
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Prediction:
Relative camera pose

On RGB-D SLAM Freiburg I dataset
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Discussion
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Scientific contributions

● Framework to learn depth and camera motion

● Less limitations on videos for training than previous approaches

● More than just depth and camera motion

● Can be used with several degrees of supervision

● Can improve further if more training is done



07/18/2018 SfM-Net     Oliver Lengwinat     Seminar: Recent Advances in 3D Computer Vision 22

Scientific contributions

To do this

● the geometry of image formation is learned

● pixel-wise depth is predicted from one image

● camera motion, segmentation and object motions are predicted from a pair 
of images

● forward-backward constraints are applied to learn a consistent 3D structure
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Discussion

● Mostly combination of these papers:
– Unsupervised Learning of Depth and Ego-Motion from Video

– Motion Cooperation: Smooth Piece-Wise Rigid Scene Flow from RGB-D 
Images

– Unsupervised monocular depth estimation with left-right consistency

● Limited to only 3 objects

● Only works when camera is moved

● Neglecting small objects (see next slide)
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Discussion

Object masks tend to miss very small, distant moving objects.

Segmentation and flow compared with ground truth of KITTI2015
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Outlook

● Possible further research:
– Extend forward-backward constraints
– Inference problem
– Methods for pre-training
– Find a good solution for number of motion masks
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Thank you!
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Backup
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Depth from Mono

3-D Depth Reconstruction from a 
Single Still Image, Saxena et al., 2007
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Approach in SfM-Net
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Calculating camera motion
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Calculating spatial smoothness

The weighting functions sxt and syt control the smoothness of the 
estimated depth map. It allows higher smoothing influence where contours 
do not arise in the image, so that the discontinuities are kept where the 
contours arise.

(from ‘Intrinsic Depth: Improving Depth Transfer with Intrinsic Images’ by Naejin Kong and Michael J. 
Black)
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Approach in SfM-Net

Workflow:

Predict frame 
depth

Predict camera rotation 
and translation

Predict motion masks

Generate 3D 
point cloud

Transform 
point cloud

Project to 
optical flow on 

2D plane

Map two 
frames 

together
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Approach in SfM-Net

Workflow:

Predict frame 
depth

Predict camera 
rotation and 
translation

Predict motion 
masks

Generate 3D 
point cloud

Transform 
point cloud

Project to 
optical flow on 

2D plane

Map two 
frames 

together
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