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Schedules
Week Date Topics
1 Jan. 11 (face to face) Introduction/Imaging

2 Jan. 18 (online) Image enhancement in spatial domain

3 Jan. 25 (online) Image enhancement in frequency domain (HW1 out)

4 Feb. 8 (online) Morphological processing

5 Feb. 15 (online) Image restoration (HW1 due)

6 Feb. 22 (online) Midterm (no tutorials this week)

7 Mar. 1 (online) Edge detection (HW2 out)

8 Mar. 8 (online) Image segmentation

9 Mar. 15 (online) Face recognition with PCA, LDA (tutorial on segmentation)
(HW2 due)(will publish project group information today.)

10 Mar. 22 (online) Face recognition based on deep learning (Quiz on two code questions, 1 hour)
Image segmentation based on deep learning

11 Mar. 29 (online) Object detection with traditional methods
Object detection based on deep learning (tutorial on detection)

12 Apr. 5 Events / Public Holidays

13 Apr. 12 (online) Invited project presentation and Summary



PCA vs. LDA

 Eigenfaces exploit the max scatter of the training images in 
face space 
 Fisherfaces attempt to maximize the between class scatter, 

while minimizing the within class scatter.
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Outline

 Introduction of deep learning
 DeepFace
 FaceNet
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Overview

 Face recognition problem
 Given a still image, identify one or more persons in this 

image using a stored database of facial images
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Machine learning vs deep learning

 Face recognition 
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Introduction of deep learning
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Introduction of deep learning
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Introduction of deep learning
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Introduction of deep learning

10



Introduction of deep learning
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Introduction of deep learning
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Introduction of deep learning
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Introduction of deep learning

 Examples from ImageNet (http://www.image-net.org/about-stats)
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Introduction of deep learning
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Introduction of deep learning
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Deep networks for ImageNet
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Introduction of deep learning
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Labeled Faces in the Wild (2007)
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Introduction of deep learning

 10 breakthrough technologies 2013
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What leads to the breakthrough?

 So, why indeed, did purely supervised learning with 
backpropagation not work well in the past? 
 Geoffrey Hinton summarized the findings up to today in 

these four points: 
 1. Our labeled datasets were thousands of times too small.
 2. Our computers were millions of times too slow. 
 3. We initialized the weights in a stupid way. 
 4. We used the wrong type of non-linearity
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What leads to the breakthrough? 
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Some observations 
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Outline

 Introduction of deep learning
 DeepFace
 FaceNet
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DeepFace (Taigman and Wolf)

 2D/3D face modeling and alignment using affine 
transformations
 9 layer deep neural network
 120 million parameters
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DeepFace

 Five stages
 Detect the  face in the image
 Align the detected face
 Design deep learning models 
 Represent facial images through a large deep neural network
 Classify the image comparing a feature vector
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DeepFace

 Detection
 The detected face is cropped and used as input for alignment
 DeepFace algorithm uses already developed Face detection 

algorithm
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DeepFace

 2D alignment
 Detect 6 fiducial points to scale, rotate and translate the image
 The fiducial points are detected using support vector regressor
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DeepFace

 3D alignment
 Detect 67 fiducial points
 Compare with them with a fixed 3D model of a generic face
 Reconstruct the 3d model of the detected face
 Generate the 3d aligned version of the crop
 The final image is given to the DNN
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DeepFace - Deep Learning

 Deep learning 
 Input: 3D aligned 3 channel (RGB) face image 152x152 pixels 
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DeepFace - Deep Learning

 Layer 1-3 : Intuition
 Convolution layers - extract low-level features (e.g. simple edges 

and texture) 
 ReLU after each conv. Layer: reduce vanishing gradient issues 
 Max-pooling: make convolution network more robust to local 

translations. 
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DeepFace - Deep Learning
 Layer 4-6: Intuition
 Locally Connected Layers
 Apply filters to different locations on the map 
 Similar to a conv. layer but spatially dependent
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DeepFace - Deep Learning

 Layer 7: Intuition
 Layer F7 is fully connected and generates 4096d vector
 Sparse representation of face descriptor 
 75% of outputs are zero
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DeepFace - Deep Learning

 Layer 8: Intuition
 Layer F8 is fully connected and generates 4030d vector, acts as K class 

SVM
 F8 calculates probability with softmax 
 Cross-entropy loss function: 
 Computed using Stochastic Gradient Descent (SGD) and performed 

backpropagation
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DeepFace

 Classification
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DeepFace – Training
 Trained on 4M faces (4030 identities, 800-1200 images per 

person) 
 We will focus on Labeled Faces in the Wild (LFW) evaluation
 Used SGD with momentum of 0.9 
 Learning rate 0.01 with manual decreasing, final rate was 0.0001 
 Random weight initializing 
 15 epochs of training 
 3 days total on a GPU-based engine
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DeepFace – results 

 DeepFase was evaluated on LFW dataset 
 13233 images collected from the web 
 1680 identities. 
 0.9735±0.0025 accuracy
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DeepFace – Summary

 Close to human accuracy 
 120M parameters 
 Proves that going deeper brings better results
 Computation efficiency – 0.33 second per face image 

@2.2GHz CPU 
 Invariant to pose, illumination, expression and image 

quality
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Outline

 Introduction of deep learning
 DeepFace
 FaceNet
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FaceNet (Schroff and Philbin）

 Workflow
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FaceNet

 Deep CNN (22 layers) 
 Works on pure data 
 Embedding (State-Of-The-Art face recognition using only 

128 features per face –> efficient!)
 Triplet images for training and loss function
 Uses SGD, Dropout, ReLU
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FaceNet - Deep Learning

 22 layers: 
 11 convolutions 
 2 normalizations (reduce internal 

covariance shift, stabilize the learning 
process and dramatically reduce the 
number of training epochs required to 
train deep networks) 

 4 max-pooling 
 1 concatenation 
 3 fully-connected 

 140 million parameters
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FaceNet - Representation

 Representation:
 Feature will go through the L2 normalization
 Embedding concept: Transform an image to a low dimensional 

feature space (128 d) 
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FaceNet – Triplet Loss
 Crucial to ensure fast convergence 
 Select triplets that satisfy the triplet constraint

 Anchor and Positive → same identity 
 Negative → different identity
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:Margin between positive and negative pairs 



FaceNet – Triplet Loss
 Loss function

 However, generating all possible triplets would result in many 
computation

 Offline generation: every n steps, using the most recent network 
checkpoint and computing the argmin and armax on a subset of the 
data 

 Online generation: done by selecting positive or negative examples 
from within a mini-batch

45



FaceNet – Triplet Loss
 Compute
 Better: Choose all anchor-positive pairs in a mini-batch while 

selecting only hard-negatives 
 To avoid local minima, they chose negative semi-hard examplers 

that satisfy
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FaceNet – Triplet Loss

 Illumination and Pose 
invariance.
 A distance of 0.0 means 

the faces are identical, 4.0 
corresponds to the 
opposite spectrum, two 
different identities. 

 You can see that a 
threshold of 1.1 would 
classify every pair 
correctly
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FaceNet – Classification

 LFW (Labeled Faces in the Wild) dataset: 13233 images 
collected from the web, 1680 identities. 

 Results: 0.9887±0.15 accuracy 
with face alignment 0.9963±0.09 
(DeepFace: 0.9735±0.0025 accuracy)
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FaceNet – Summary

 Important new concepts: Triplet loss and Embeddings
 140M parameters 
 Proves that going deeper brings better results for the face 

recognition problem 
 Computation efficiency ~0.73 second per face image (1.6B 

FLOPS) @2.2GHZ CPU 
 Invariant to pose, illumination, expression and image 

quality 
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Comparison
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