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Deep Learning in Computer Vision
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Introduction: Neural Networks and Convolutional Processing
In this module, we are going to realize the perceptron and feed-forward
networks, image filtering and processing and mathematics of
convolutions and feature learning. Students will learn how to stacking
perceptrons to create networks, in order to learn it, training neural
networks and convoluting processing is necessary. From convolutional
layer to convolutional networks, we must know model local dependents
on convolution, model strength dependents on hierarchy of features.
Besides, we also will realize the image processing, which how to
building block layer structure from 1D features to 2D processing.

CNN Architectures
In this module, we will learn the foundational CNN (convolutional neural

network ) architecture. We are going to review LeNet: LeCun et al. 1998,
AlexNet: Krizhevsky et al. Neurl PS 2012, GooLeNet/Inception: Szegedy
et al. CVPR 2015, and VCGNet: Simomyan et al. ICLR 2015. During this
period, we will realize the evolution of CNN, and find out the challenges
in training CNNSs. In addition to this, scaling CNNs also is the most part of
the lecture and we will learn that from ResNet: He et al. CVPR 2016.
The last part of this lecture is about the importance of data and how did
datasets revolutionize computer vision.

Sequential Image Processing
In this module, we will discover the neural networks and sequential

image processing. This module is composed of three parts, realizing
Recurrent neural networks (RNN), how does RNNs and CNNs apply for
vision, and applications in vision. We are going to realize the
requirements for sequential processing, models for sequential
processing, and recurrent neural networks for sequential modeling. We
will research how to use multimodal CNN + RNN architecture for
captioning and how to use video data predict action.
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+ Generative Image Modeling
In this course, we will discover what is generative modeling and
why generative modeling. This part includes density estimation,
structured prediction and synthesis. Besides, realizing taxonomy of
generative models also is the most part. We will find out that
variational autoencoders will lead to reconstruction results. We
also will discuss what is Generative adversarial networks (GANs) ,
compare traditional generation and StyleGAN, and find latest
results about StyleGAN2.

* Neural Graphics and Rendering
In this module, we are going to discuss classical computer
graphics, neural scene representations and implicit neural
rendering. We will find out that rendering is a complex process
and its differentiation is not uniquely defined, which prevents
straightforward integration into neural networks. Differentiable
rendering constitutes a family of techniques that tackle such an
integration for end-to-end optimization by obtaining useful
gradients of the rendering process.

* Neural Vision Applications
In this course, we will present some neural vision applications,
including object detection, semantic segmentation, and self-
supervised vision. The traditional object detection method uses
the sliding window method to detect image region by region, but
with the wide application of deep convolutional neural networks,
Grishick et al. proposed R-CNN target detection framework. We
will go deep on R-CNN. Semantic segmentation often requires the
extraction of features and representations, which can derive
meaningful correlation of the input image. This lecture will focus
on the FCNN module.
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Interpretability and Uncertainty in Computer Vision

In this module, we are going to learn about uncertainty estimation
in computer vision. We hope that the model can bring uncertainty
and help people who use the model to make better decisions.
Generally, there are two types of uncertainty, aleatoric uncertainty
and epistemic uncertainty. We will research these two kinds of
uncertainty in depth and realize the application of model
uncertainty in life.

Computer Vision Progress and Perspectives

In this course, we will research the progress and perspectives of
computer vision in several areas, such as facial recognition,
performance advances in generative models, Al-generated art,
computer vision in robotics, autonomous vehicle training and
control, and computer vision in safety-critical application. We will
get better idea from specific case of image classification. Besides,
we also will learn the bias in computer vision and how to
debiasing it.
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