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OSVOS – “One-Shot Video Object Segmentation”



OSVOS

• Problem: 
• Semi-supervised video object segmentation

• Contributions:
• Adapt a CNN to a particular object instance given a single annotated image 

• generic semantic information -> knowledge of the usual shapes of objects -> particular object segmentation

• Temporal consistency, but not explicitly imposed 

• Speed accuracy trade-off
• Fine-tuning level  (181 ms – 71.5%    ->     7.83 s – 79.7%)
• Number of annotated frames (1 frame – 79.8%     ->  4 frames – 86.9%)



OSVOS

• “It is an object” -> “It is this particular object”



CNN architecture

• Goals:
• Accurately localized dense predictions

• Relatively small number of parameters

• Relatively fast at testing time

• CNN architecture used for biomedical image segmentation*
• Based on VGG**

• Fully convolutional

*Maninis et. al. “Deep retinal image understanding”. MICCAI 2016

**Simonyan et. al. “Very deep convolutional networks for large-scale image recognition”. ICLR 2015



CNN architecture



CNN

• Binary classification 
• Foreground vs. background 

• Cross-entropy loss

• Imbalance between classes  



Training

• Base network – offline training
• VGG trained on ImageNet for image labeling 

• Parent network – offline training
• Fully convolutional network further trained on DAVIS training set for object 

segmentation

• Test network – online training 
• Fine-tune the parent network 
• Segment a particular entity in a video given the image and the segmentation 

of the first frame



OSVOS



Contour snapping

• Complementary CNN 
• Detect object contours 

• Individual training
• Only offline

• Trained on PASCAL-Context Dataset
• Contour annotations for the whole scene

• Boundary snapping
• Compute superpixels that align to the computed contours 

• Ultrametric Contour Map (UCM)*

• Final mask – superpixels that overlap more than 50% with foreground mask

*Arbelaez et. al. “Contour detection and hierarchical image segmentation”. TPAMI 2011

*Pont-Tuset et. al. “Multiscale combinatorial grouping for image segmentation and object proposal generation”. TPAMI 2017



Ablation study on DAVIS dataset



Error analysis



Results - DAVIS



Attribute-based performance

AC – appearance change; DB – dynamic background;

FM- fast motion;  MB – motion blur; OCC- occlusion



Number of training images – parent network



Speed accuracy trade-off 



Progressive refinement



Evaluation as a tracker



Results – YouTube Objects



Qualitative results



OnAVOS – ”Online Adaptation of Convolutional Neural 
Networks for Video Object Segmentation”

• Online adaptation of OSVOS

• Because OSVOS is not able to adapt to large changes in object 
appearance

• Select training examples by choosing pixels for which the network is 
very certain 



OnAVOS

• Contributions:

• Online updated – adapt to changes in appearance

• More recent network architecture

• Additional objectness pretraining step
• OSVOS:  

• base network -> parent network -> test network

• OnAVOS: 
• base network -> objectness network -> domain specific objectness network -> test network



OnAVOS

• Base network
• ResNet

• ImageNet, COCO, PASCAL

• Objectness network*
• Trained PASCAL dataset 

• Foreground vs background 

• Domain specific objectness network
• Trained on DAVIS training set

*Jain et. al. “Fusionseg: Learning to combine motion and appearance for fully automatic segmentation of generic 
objects in videos”. CVPR 2017



OnAVOS



Online adaptation

• Why? 
• Object of interest changes over time
• New background objects can appear

• Current frame samples
• Positive samples 

• Use pixels with very confident predictions as training examples
• Adaptation retains memory

• Negative samples
• Pixels that are far away from the last predicted object mask

• Don’t care area

• First frame is also used for online fine-tuning
• Avoid drifting



OnAVOS – qualitative results



Online adaptation



Ablation study - DAVIS



Ablation study - DAVIS



Results



Results - DAVIS


