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It proposed an attention mechanism, Dense Co-attention 
Network (DCN),  that improves accuracy on VAQ task. 

What problem is the paper addressing
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Source: Manmadhan, Sruthy, and Binsu C. Kovoor. "Visual question answering: a state-
of-the-art review." Artificial Intelligence Review 53 (2020): 5705-5745.

Motivation: VQA is an AI-complete task
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Source: Manmadhan, Sruthy, and Binsu C. Kovoor. "Visual question answering: a state-
of-the-art review." Artificial Intelligence Review 53 (2020): 5705-5745.

• Help visually impaired 

• Attract online shoppers

• Increase the popularity of online educational

• Summarize surveillance data

Motivation: many potential applications
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Multi-Modal Network for VQA
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Two lines of research on VQA (developed independently) 

• Attention mechanism 

• Fusion of extracted features

Prior related work
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Two classes: 

• Use visual features from some region proposals

• Use convolutional features

Prior related work: attention mechanism 
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Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

Attention models

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
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Stacked attention network (SAN)

Yang, Zichao, et al. "Stacked attention networks for image question answering."

SAN consists of three components:

1. Image model

2. Question model 

3. Stacked attention model

https://openaccess.thecvf.com/content_cvpr_2016/papers/Yang_Stacked_Attention_Networks_CVPR_2016_paper.pdf
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SAN: image model

Yang, Zichao, et al. "Stacked attention networks for image question answering."

Image model:

1. Extract features VGGNet (last 

pooling layer)

2. Transform features to the same 

dimension as question vector. 

https://openaccess.thecvf.com/content_cvpr_2016/papers/Yang_Stacked_Attention_Networks_CVPR_2016_paper.pdf
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SAN: question model

Yang, Zichao, et al. "Stacked attention networks for image question answering."

Question model (LSTM):

1. Get one hot vector representation of words.

2. Get embedding matrix of word vector

3. Feed embedding to LSTM

4. Repeat 2, 3 for every time step. 𝑣𝑄

https://openaccess.thecvf.com/content_cvpr_2016/papers/Yang_Stacked_Attention_Networks_CVPR_2016_paper.pdf
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SAN: question model

Yang, Zichao, et al. "Stacked attention networks for image question answering."

Question model (CNN):

1. Get one hot vector representation of words.

2. Get embedding matrix of word vector

3. Concatenate the word vectors 

https://openaccess.thecvf.com/content_cvpr_2016/papers/Yang_Stacked_Attention_Networks_CVPR_2016_paper.pdf
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SAN: question model

Yang, Zichao, et al. "Stacked attention networks for image question answering."

Question model (CNN):

1. Get one hot vector representation of words.

2. Get embedding matrix of word vector. 

3. Concatenate the word vectors.

4. Apply convolution filters.

https://openaccess.thecvf.com/content_cvpr_2016/papers/Yang_Stacked_Attention_Networks_CVPR_2016_paper.pdf
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SAN: question model

Yang, Zichao, et al. "Stacked attention networks for image question answering."

Question model (CNN):

1. Get one hot vector representation of words.

2. Get embedding matrix of word vector. 

3. Concatenate the word vectors

4. Apply convolution filters

5. Max-pooling over the feature maps

https://openaccess.thecvf.com/content_cvpr_2016/papers/Yang_Stacked_Attention_Networks_CVPR_2016_paper.pdf
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Stacked attention network

Yang, Zichao, et al. "Stacked attention networks for image question answering."

https://openaccess.thecvf.com/content_cvpr_2016/papers/Yang_Stacked_Attention_Networks_CVPR_2016_paper.pdf
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Stacked attention network

Yang, Zichao, et al. "Stacked attention networks for image question answering."

https://openaccess.thecvf.com/content_cvpr_2016/papers/Yang_Stacked_Attention_Networks_CVPR_2016_paper.pdf
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Stacked attention network

Yang, Zichao, et al. "Stacked attention networks for image question answering."

https://openaccess.thecvf.com/content_cvpr_2016/papers/Yang_Stacked_Attention_Networks_CVPR_2016_paper.pdf
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SAN: performance on VQA 

Yang, Zichao, et al. "Stacked attention networks for image question answering."

https://openaccess.thecvf.com/content_cvpr_2016/papers/Yang_Stacked_Attention_Networks_CVPR_2016_paper.pdf
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Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

Attention models

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
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Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

Attention models

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
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Prior related work: feature fusion methods

Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20


22

Prior related work: feature fusion models

Multimodal Compact Bilinear (MCB/MLB)[Fukui et al. 2016/ Kim et al. 2017] 

https://arxiv.org/pdf/1606.01847.pdf
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Prior related work: feature fusion models

Multimodal Factorized Bilinear (MFB)[Yu et al. 2017] 

https://openaccess.thecvf.com/content_ICCV_2017/papers/Yu_Multi-Modal_Factorized_Bilinear_ICCV_2017_paper.pdf
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Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

Prior related work: limitations 

Attention computation is sparse

• Global question representation to image regions

• Global image representation to question words

Bilinear fusion is complex

• Sensitive to hyperparameters

• Memory-inefficient

• May lead to unstable training

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
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Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

Goals of Dense Co-attention Network

1. Improve performance 

2. Understandable 

3. Easy to implement 

4. Memory efficient 

5. Robust

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
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Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

Model overview

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
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Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

Feature extraction

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
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Question and answer extraction 

Ihianle, Isibor Kennedy, et al. "A deep learning approach for human activities 

recognition from multimodal sensing devices." IEEE Access 8 (2020): 179028-179038.
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Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

Image extraction

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
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Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

Dense co-attention layer

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
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Dense co-attention layer: attention map

Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
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Dense co-attention layer: nowhere-to-attend

When creating attention map, there is no particular region or 

word the model should attend?

Solution: Add elements to the attention maps that serve as 

memory for storing information
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Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

Dense co-attention layer: parallel attention

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
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Dense co-attention layer: attended feature

Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
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Fusing image and question representations
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Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

Answer prediction 

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
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Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

Answer prediction: self-attention function

Calculate aggregated representation of the whole question 𝑠𝑄𝐿:

1. Apply an identical two-layer  MLP with ReLU nonlinearity in its 

hidden layer

2. Apply softmax to get attention weights, 𝛼1
𝑄
, … , 𝛼𝑁

𝑄

3.

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
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Model evaluation: dataset

• VQA 1.0

• Human-annotated question-answer pairs on 

images from MS COCO.

• VQA 2.0 

• Larger and more balanced compared. 
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Model evaluation: method

Candidate answer:

• VQA: more than 5 times

• VQA 2.0: more than 8 times

Training and evaluation:

• Trian on train + val splits 

• Report on test-dev and test standard

Metric:
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Model evaluation: setup

• Adam optimizer with 𝛼 = 0.001, 𝛽1 = 0.9, 𝛽2= 0.99
• Learning rate decay

• Dropouts

• Feature space dimension is 1024
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Model evaluation: ablation study

Evaluate different components of the model with VQA 2.0
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Comparison with other methods on VQA
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Comparison with other methods on VQA 2.0
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Qualitative Evaluation
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Strength: Memory efficient + fast convergence 

Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
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Strength: fully symmetrical attention

Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
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Strength: understandable via attention map 

Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
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Weakness:

What values other parameters 

(K, h, L) were set to when 

calculating the accuracy?    
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Weakness:

Are we considering too many redundant relationship since the 

performance did not improve a lot? 

Slide adapted from the authors presentation at (7) CVPR18: Session 2-2B: Object Recognition & 
Scene Understanding III - YouTube

https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
https://www.youtube.com/watch?v=TBOnKekODCI&list=PL_bDvITUYucCIT8iNGW8zCXeY5_u6hg-y&index=20
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Weakness:

Why are we dividing 

affinity matrix by 𝑑ℎ?
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Future work:

• Further investigate the effectiveness of dense co-attention 

layer. (e.g., visualize attention map on image after every 

attention layer)

• Incorporate other guidance, such as an object detector, into 

the framework, instead purely rely on the input image and 

text only.
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Discussions and questions
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SAN: performance on VQA 

Yang, Zichao, et al. "Stacked attention networks for image question answering."

https://openaccess.thecvf.com/content_cvpr_2016/papers/Yang_Stacked_Attention_Networks_CVPR_2016_paper.pdf
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