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Overview Lecture (preliminary)
• "Classic" Computer Vision Tasks, CNNs e.g. for 

‣ Image Classification 

‣ Object Detection 

‣ Semantic Segmentation 

• Recurrent Neural Networks, e.g. for 
‣ Image Captioning 

‣ Visual Question Answering 

‣ Visual Touring Test 

• How to deal with Less Supervision 
• Generative Adversarial Networks e.g. for data generation 
• Memory Networks e.g. for VQA
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Overview Today’s Lecture
• Image Classification  

‣ using data-driven approaches (machine learning) 

‣ K-nearest neighbor classifier  

‣ linear classification (parametric approach) 

‣ loss functions and regularization 

‣ softmax classifier 

‣ optimization via gradient descent 

• Image Features vs. ConvNets 

• Slide credit: 
‣ today’s slides taken from  

Fei-Fei Li, Justin Johnson, Serena Yeung @ Stanford
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Image Classification:  
a core task in computer vision
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Image Classification
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Image Classification
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Image Classification
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Machine Learning: Data-Driven Approach
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First Classifier: Nearest Neighbor
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Example Dataset: CIFAR10
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Example Dataset: CIFAR10
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First Classifier: Nearest Neighbor Classifier
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First Classifier: Nearest Neighbor Classifier
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K-Nearest Neighbor Classifier
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K-Nearest Neighbor Classifier
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K-Nearest Neighbor Classifier
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K-Nearest Neighbor Classifier: Distance Metric
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Hyperparameters
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Setting Hyperparameters
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Setting Hyperparameters
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Nearest Neighbor - not used for images :-)
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K-Nearest Neighbors: Summary
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Linear Classification
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Recall CIFAR10
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Parametric Approach
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Parametric Approach: Linear Classifier
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Parametric Approach: Linear Classifier

!45



High Level Computer Vision | Bernt Schiele & Mario Fritz

Interpreting a Linear Classifier
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Interpreting a Linear Classifier:  
Visual Viewpoint
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Interpreting a Linear Classifier:  
Geometric Viewpoint
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Hard Cases for a Linear Classifier
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Linear Classifier: Three Viewpoints
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Linear Classifier…
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Linear Classifier…
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Example
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Example
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Multiclass Support Vector Machine (SVM) Loss
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Multiclass Support Vector Machine (SVM) Loss
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Multiclass Support Vector Machine (SVM) Loss

!66



High Level Computer Vision | Bernt Schiele & Mario Fritz !67



High Level Computer Vision | Bernt Schiele & Mario Fritz !68



High Level Computer Vision | Bernt Schiele & Mario Fritz !69



High Level Computer Vision | Bernt Schiele & Mario Fritz !70



High Level Computer Vision | Bernt Schiele & Mario Fritz

Regularization
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Regularization
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Regularization
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Regularization: Expressing Preferences
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Regularization: Expressing Preferences
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R(w1) = 12 + 02 + · · · = 12

R(w2) = 0.252 + 0.252 + · · · = 4 ⇤ 0.252 = 0.25
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Softmax Classifier
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Softmax Classifier
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Softmax Classifier
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Let's double check...
• Entropy & KL-divergence: 

• Cross Entropy the sum of both:
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Let's double check...
• Cross Entropy in our classification case: 

‣ Target "distribution" / output: 

‣ Output of the network: 

• Then Cross Entropy Loss for image 
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Recap…
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Recap
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Optimization
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Strategies

• #1 Random Search 
‣ can work… 

‣ but very expensive 

• #2 “Follow the Slope” 
‣ aka: gradient descent…
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Gradient Calculation (numeric)
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df(W )

dW
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f(W + h)� f(W )

h
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Gradient Calculation (numeric)
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Gradient Calculation (numeric)
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Gradient Calculation (numeric)
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Gradient Calculation
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Gradient Calculation
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Gradient Descent
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Wt+1 = Wt + ↵tdt
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Gradient Descent
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Stochastic Gradient Descent (SGD)
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Aside: Image Features
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Aside: Image Features
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Image Features: Motivation
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Image Features: Motivation
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Example: Color Histogram
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Example; Histogram of Oriented Gradients (HOG)
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Example: Bag of Words:
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Aside: Image Features
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Image Features vs. ConvNets

!122


