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Introduction to Deep Learning

Machine Learning

Slide credit: D. Hoiem and L. Lazebnik

The machine learning framework

• Apply a prediction function to a feature representation of the 
image to get the desired output: 

   f(    ) = “apple” 
   f(    ) = “tomato” 
   f(    ) = “cow”

Slide credit: L. Lazebnik
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Introduction to Deep Learning

Traditional Machine Learning

Prediction

Training 
LabelsTraining 

Images
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Slide credit: D. Hoiem and L. Lazebnik
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Introduction to Deep Learning

DEEP LEARNING = Learning Representations/Features
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Introduction to Deep Learning

Deep Learning = Learning Hierarchical Representations
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The Perceptron 

One Neuron

https://fr.wikipedia.org/wiki/Perceptron
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The Perceptron 

Multi Layer Perceptron

i

• Multiple	Layers	

• Feed	Forward	
• Connected	Weights	
• 1-of-N	Output	
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The Perceptron 

Backpropagation

http://sebastianraschka.com/faq/docs/visual-backpropagation.html
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Deep Convolutional Neural Network (DCNN)

Arranges neurons in 3D 

http://cs231n.github.io/convolutional-networks/
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Deep Convolutional Neural Network (DCNN)

Content
Convolution
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Deep Convolutional Neural Network (DCNN)

DCNN for trafic sign recognition
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DCNN networks are more and more deeper
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Deep Convolutional Neural Network (DCNN)

DCNN networks are more and more deeper

VGG16

GoogleNet
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Deep Convolutional Neural Network (DCNN)

DCNN networks are more and more deeper

Microsoft
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Deep Convolutional Neural Network (DCNN)

DCNN for image classification
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Deep Convolutional Neural Network (DCNN)

But it sometime fails …

Szegedy, Zaremba, Sutskever, Bruna, Erhan, Goodfellow, Fergus

Trial and error 
testing can not 
guarantee 
reliability
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Deep Convolutional Neural Network (DCNN)

DCNN for image segmentation
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Deep Convolutional Neural Network (DCNN)

DCNN for image segmentation

http://youtube.com/watch?v=kMMbW96nMW8
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Deep Q-Network (Google: published in nature)

DQN: Q-Learning + Deep Learning

- Add action to machine learning 

http://youtube.com/watch?v=Ci8uvfVg_24

DQN playing enduro
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Object Localisation and Categorization (FasterRcnn)

FasterRcnn:
 Region Proposal Network + Classification Network
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Region Proposal Network
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Object Localisation and Categorization (FasterRcnn)

RCNN
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Faster-Rcnn (realtime)

Object Localisation and Categorization (FasterRcnn)
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Faster-Rcnn (realtime)

Object Localisation and Categorization (FasterRcnn)

https://www.youtube.com/watch?v=WZmSMkK9VuA
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The	intra-class	variability	issue	(huge	databases)



Scene specialization

Institut Pascal

The	intra-class	variability	issue	(staCc	camera)
but several parameters are scene dependent (camera 
pose and view angle, trajectory)
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All	the	objects	of	a	specific	scene	belong	to	a	manifold	of	
a	large	feature	space
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How to estimate the pedestrian distribution from an 
unsupervised video sequence ?
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Some	notaCons

X: a state vector associated to the target object distribution
Z: the measure vector (target video sequence) 

We	have	to	esCmate:	

p(X|Z)
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The	soluCon:

Approximate	the	probability	distribuCon	by	a	set	of	samples

with	a	sequenCal	Bayesian	filter:
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Approximate	the	probability	distribuCon	by	a	set	of	samples
with	a	sequenCal	Bayesian	filter:	(PhD	H.	Maamatou)



Scene specialization

Institut Pascal

GenericSpecialized
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F. Chabot

Deep Learning for 3D vehicle understanding from monocular images: 
toward many-task networks
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Deep Learning for 3D vehicle understanding from monocular images: 
toward many-task networks

System Outputs
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Deep Learning for 3D vehicle understanding from monocular images

The Network
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Deep Learning for 3D vehicle understanding from monocular images

Loss functions

Detection loss 

ROI localisation loss 

Parts Loss 

Visibility Loss 

3D transformation loss
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Deep Learning for 3D vehicle understanding from monocular images

Experiments (Kitti Dataset)

AP: mean average precision 
AOS: average orientation similarity

Detection and orientation
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Deep Learning for 3D vehicle understanding from monocular images

Experiments (Kitti Dataset)
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- Tensor Flow (Google, C++, Python)

- Caffe (Berkeley, C++, Python)

- Torch (« facebook », Lua)

- Theano (. , python)

- …

open source libraries for deep learning (all with GPU 
implementation)



Technical aspects

Institut Pascal

- Learning needs GPU (NVIDIA)

- 
- …

Hardwares for Deep  Learning

NVIDIA Jetson TX1Google Asic
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- Deep learning outperforms other approaches for 
detection and classification

- Hardware systems are specifically designed for 
DCNN (Nvidia, Google, Altera)

- How to prove the robustness of such method (Trial 
and error testing can not guarantee reliability)(real 
problem for Autonomous Driving Systems)?

- Databases are needed to learn DCNN (What about 
new sensors or multi sensors systems)
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