
厦门大学信息学院本科选修课
2021-2022 第二学期

! " # $
Pattern  Recognition

! "#$ %&'()



陈龙彪

longbiaochen@xmu.edu.cn

厦门大学信息学院

第六章
深度学习基础

mailto:longbiaochen@xmu.edu.cn


3

3



4

深度学习得到大量关注
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机器学习 ≈ 寻找一个函数
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机器学习框架
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o 机器学习（Machine Learning）是一门专
门研究计算机怎样模拟或实现人类的学习行
为，以获取新的知识或技能，重新组织已有
的知识结构使之不断改善自身的性能的学科

o 简单地说，机器学习就是通过算法，使得机
器能从大量的历史数据中学习规律，从而对
新的样本做智能识别或预测未来

机器学习
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特征的自学习

p 传统的模式识别方法
n 通过传感器获取数据，经过预处理、特征提取、特
征选择、再到推理、预测或识别
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特征的自学习

p 传统的模式识别方法
n 特征提取与选择的好坏对最终算法的确定性起关键
作用

n 特征的样式一般都是靠人工提取特征，而手工选取
特征费时费力，需要专业知识，很大程度上靠经验
和运气

n 那么：机器能不能自动的学习特征呢？
深度学习的出现为这个问题提出了一种解决方案
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深度学习
o 自2006年，深度学习（Deep Learning）已经

成为机器学习研究中的一个新兴领域。其动机
在于建立、模拟人脑进行分析学习的神经网络，
通过模拟人脑的机制来解释数据，例如图像，
声音和文本

o 深度学习是机器学习的一种。深度学习的概念
源于人工神经网络的研究，含多隐层的多层感
知器就是一种深度学习结构。深度学习通过组
合低层特征形成更加抽象的高层表示属性类别
或特征，以发现数据的分布式特征表示
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深度学习的三个步骤

p 深度学习是如此简单…
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The Rise of Deep Learning
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What is Deep Learning?

ARTIFICIAL  

INTELLIGENCE

Any technique that enables  
computers to mimic  

human behavior

MACHINE LEARNING

Ability to learn without  
explicitly being programmed

DEEP LEARNING

Extract patterns from data using  
neural networks
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Learning representation

Trainable 
Feature 

Transform

Trainable 
Feature 

Transform

ML/AI: how do we learn features?
What is the fundamental rule?
What is the learning algorithms?

Neuroscience: how does the 
cortex learn perception?

CogSci: how does the mind 
learn abstract concepts on top 
of less abstract ones?
Deep learning addresses the 
problem of learning 
hierarchical representation 
with a single algorithm. 

“Deep Learning Tutorial” by 
LeCun
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Why Deep Learning?

Hand engineered features are time consuming, brittle and not scalable in practice  

Can we learn the underlying features directly from data?

Low Level Features

Lines & Edges Eyes & Nose & Ears Facial Structure

Mid Level Features High Level Features
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Is it brand new?
16

Neural Nets McCulloch & Pitt 1943

Perception Rosenblatt 1958

RNN Grossberg 1973

CNN Fukushima 1979

RBM Hinton 1999

DBN Hinton 2006
D-AE Vincent 2008

AlexNet Alex 2012
GoogLeNet Szegedy 2015
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Why Now?

1952 Stochastic Gradient  
Descent

1958 Perceptron
• LearnableWeights

1995 Deep Convolutional NN
• Digit Recognition

1986 Backpropagation
• Multi-Layer Perceptron

1. Big Data
• Larger Datasets
• Easier Collection  

& Storage

2. Hardware
• Graphics  

Processing Units  
(GPUs)

• Massively  
Parallelizable

3. Software
• Improved  

Techniques
• New Models
• Toolboxes

Neural Networks date back decades, so why the resurgence?
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人类的大脑

树突

细胞核

细胞体 轴突
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人脑的视觉原理
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深度学习

p 受到大脑结构分层的启发，神经网络的研究发
现多隐层的人工神经网络具有优异的特征学习
能力

p 学习得到的特征对数据有更本质的刻画，从而
有利于可视化或分类

p 深度学习可以通过学习一种深层非线性网络结
构，实现复杂函数逼近，表征输入数据分布式
表示
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Applications
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• ALVINN drives 70 mph on highways

Slide credit : T.Michell

Neural network application
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Slide credit : Andraw Ng.

Neural network application
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B. Zhou, A. Lapedriza, J. Xiao, A. Torralba, and A. Oliva. “Learning Deep Features for Scene Recognition using Places 
Database.” Advances in Neural Information Processing Systems 27 (NIPS), 2014.

Scene Recognition (CNN)
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Visual Style Recognition (CNN)

Karayev, Sergey, et al. "Recognizing image style." arXiv preprint arXiv:1311.3715 (2013).
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Object Detection (R-CNN)

Girshick, Ross, et al. "Region-based convolutional networks for accurate object detection and segmentation." Pattern Analysis 
and Machine Intelligence, IEEE Transactions on 38.1 (2016): 142-158.
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Image Captioning (CNN+LSTM)

Donahue, Jeffrey, et al. "Long-term recurrent convolutional networks for visual recognition and description." Proceedings of the 
IEEE Conference on Computer Vision and Pattern Recognition. 2015.
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Segmentation (DeconvNet)

Hyeonwoo Noh, Seunghoon Hong, Bohyung Han, Learning Deconvolution Network for Semantic Segmentation, 
arXiv:1505.04366.
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Deep Visuomotor Control (CNN)

Levine, Sergey, et al. "End-to-end training of deep visuomotor policies." arXiv preprint 
arXiv:1504.00702 (2015).
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Gatys, Leon A., Alexander S. Ecker, and Matthias Bethge. "A neural algorithm of artistic style." 
arXiv, 2015

Neural Style (CNN)
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Tools
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Torch
TensorFlow

Caffe

MatConvNet
Theano

Deep learning tools?
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Caffe
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Torch
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Torch
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Theano
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Theano
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TensorFlow
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TensorFlow
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White to black
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Overview
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训练方法
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结束语

p 深度学习是如此简单…
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深度学习

p 深度学习的实质
n 通过构建具有很多隐层的机器学习模型，在海量的
训练数据上学习有用的特征，最终提升分类或预测
的准确性

n 深度模型是手段，特征学习是目的



47

深度学习Demo

p 手写字符识别
n https://transcranial.github.io/keras-js/#/mnist-cnn

p 图像识别
n 黑天鹅

p 超像素还原
n https://transcranial.github.io/keras-js/#/image-super-

resolution

https://transcranial.github.io/keras-js/
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjmp4XZ_OLhAhU2xIsBHaK2BewQjRx6BAgBEAU&url=http://k.sina.com.cn/article_2365146760_8cf94688040002leh.html&psig=AOvVaw3h9-KptX9__mQ44n24r-ml&ust=1555997438420771
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p Hung-yi Lee, Machine Learning, 2019
n http://speech.ee.ntu.edu.tw/~tlkagk/courses.html

p dl_tutorials
n https://github.com/sjchoi86/dl_tutorials

p Keras.js
n https://github.com/transcranial/keras-js

参考资料

http://speech.ee.ntu.edu.tw/~tlkagk/courses.html
https://github.com/sjchoi86/dl_tutorials
https://github.com/transcranial/keras-js
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End


