
www.aiengineer.tw

AI Study Session

An Image is Worth 16x16 Words: Transformers for Image 

Recognition at Scale (proposed by Dosovitskiy et al.)

Reporter: Hung-Ming, Lin

Date: 2022/04/06



www.aiengineer.tw

1. Introduction

2. Related Work

3. Method

4. Experiment

5. Conclusion

6. Code Demo

7. Reference
2

Outline



www.aiengineer.tw

1. Difference between Language and Vision
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1. Introduction (1/2)

Source: He et al., (2021) 

<Masked Autoencoders Are Scalable Vision Learners> https://arxiv.org/abs/2111.06377

Language Vision

1. Architectures
Tokens and positional 

embeddings

Convolution

2. Information density

Human-generated 

signals, 

Highly semantic and 

information-dense.

Natural signals,

Heavy spatial 

redundancy

3. The autoencoder’s 

decoder

missing words that

contain rich semantic 

information

reconstructs pixels of 

a lower semantic

level
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2. Transformer 
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1. Introduction (2/2)

Source: Vaswani et al., (2017) 

<Attention is all you need> https://arxiv.org/abs/1706.03762
Source: 李宏毅 (2021) 

<Transformer & BERT PPT>
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2. Related Work
Authors Paper Method

1. Parmer et al. (2018)
Image transformer
https://arxiv.org/abs/1802.05751

Applied the self-attention only in local 

neighborhoods for each query pixel.

2. Child et al. (2019)

Generating long sequences with sparse 

Transformers
https://arxiv.org/abs/1904.10509

Employ scalable approximations to global 

self-attention in order to be applicable to 

images.

3. Weissenborn et al. (2019)
Scaling autoregressive video models
https://arxiv.org/abs/1906.02634

Apply self-attention in blocks of varying 

sizes in the extreme case only along 

individual axes.

4. Cordonnier et al. (2020)

On the relationship between self-attention

and convolutional layers
https://arxiv.org/abs/1911.03584

Extracts patches of size 2x2 from the input 

image and applies full self-attention on top

5. Chen et al. (2020)
Generative pretraining from pixels
http://proceedings.mlr.press/v119/chen20s.html

Image GPT (iGPT): applies Transformers

to image pixels after reducing image 

resolution and color space

6. Dosovitskiy et al. (2020)

An Image is Worth 16x16 Words: Transformers 

for Image Recognition at Scale 

https://arxiv.org/abs/2010.11929

ViT (discussed on next page)
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3. Method

Source:科技猛兽 (2021) 

<Vision Transformer 超详细解读 (原理分析+代码解读) (二)>

Eg. N=9 Eg. P=16
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4. Experiment
Pre-training Datasets：

• ILSVRC-2012 ImageNet dataset：1000 classes、1.3M images

• ImageNet-21k：21k classes, 14M images

• JFT：18k classes, 303M High Resolution Images

Transfer Models on Datasets：

• CIFAR-10/100

• Oxford-IIIT Pets

• Oxford Flowers-102

• VTAB

For these datasets, pre-processing follows Kolesnikov et al. (2020)

Big Transfer (BiT): General Visual Representation Learning 

https://arxiv.org/abs/1912.11370
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4. Experiment
Model Variants：

Eg. ViT-L/16 means the“Large”variant with 16x16 input patch size.

Training & Fine-tuning：

• training: Adam (𝛽1 = 0.9, 𝛽2 = 0.999), batch size = 4096

• fine-tuning: SGD with momentum, batch size = 512

Metrics：

• few-shot or fine-tuning accuracy
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4. Experiment
Comparison with SOTA on popular image classification benchmarks
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4. Experiment
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5. Conclusion

1. ViT interprets an image as a sequence of patches and 
process it by a standard Transformer encoder as used in 
NLP.

2. This simple, yet scalable, strategy works surprisingly well 
when coupled with pre-training on large datasets.

3. Challenge: objection detection and segmentation. 
continue exploring self-supervised pre-training methods.
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6. Code Demo
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6. Code Demo
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