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The Deep Learning Revolution. ﬂ(".

® In 2009 a Competition was made public in the Computer Vision field.
B It's name: ImageNet Large Scale Visual Recognition Competition.
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® And it was incredibly challenging.
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ILSVRC data set ﬂ(“.
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B 1000 classes, no class is an ancestor of another class
® Fine-grained categories (~120 types of dogs)
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ImageNet Large Scale Visual Recognition
Competition (ILSVRC) ﬂ(".

® All submitted algorithms were extremely complicated, and its
performance was not great. But then in 2012, a Deep Learning
approach appeared.
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® It was not only better than the competition but also simpler.
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Deep Learning Increases Performance ﬁ("‘

Image Classification Winners:

2012 Teams operr 2013 Teams Y%err 2014 Teams %err
Alexnet (Toronto) 15.3 Clarifai NYU spinoff 11.7 ‘ GoogLeNet 6.6
NUS (Singapore) 12.9 VGG (Oxford) 7.3
151 (Tokyo) 2.l Zeiler-Fergus (NYU)  13.5 MSRA 8.0
VGG (Oxiord) 26.9 A. Howard 13.5 A. Howard 8.1
XRCE/INRIA 27.0 OverFeat (NYU) 14.1 DeeperVision 9.5
UVA (Amsterdam) 29.6 UVA (Amsterdam) 14.2 NUS-BST 9.7
INRIA/LEAR 33.4 Adobe 15.2 TTIC-ECP 10.2
VGG (Oxford) 15.2 XYZ 11.2
VGG (Oxford) 23.0 ‘LUVA 12.1

RED: Deep learning
Blue: Not deep learning (shallow)
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Deep Learning is Simpler: End-to-end learning. ﬂ(".
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Traditional computer vision

Features are not learned!

Input data
(pixels)

!

Feature
representation
(hand-crafted)
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Learning
algorithm
(e.g., SVM)

Deep Learning in der Bildverarbeitung - KIT Business Club - 17.5.2018

Stapler

CV:HCI (Prof. Stiefelhagen)

Institute for Anthropomatics & Robotics



Learning feature hierarchy (2) ﬂ(".

® Learn a hierarchical representation of data

Low-Level| |Mid-Level| [High-Level Trainable
= s =
Feature Feature Feature Classifier
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Deep Learning is Simpler: End-to-end learning. ﬂ(".
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Moderen CNN revolution ﬂ(".

Large Scale Visual Recognition challenege (ILSVRC) winners

: First CNN-based winner
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ResNet GoogleNet VGG AlexNet

Figure copyright : Keiming He 2016
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Simpler and Better, where is the catch? ﬂ(".

® The method is not new (i.e., LeCun, 1989)

® Deep Learning requires:
® Large amounts of training data (i.e., ImageNet is 1000000 images).
® Data must be annotated.
® Training must be performed in GPUs, and takes days / weeks.

® Also, incremental progress does not work:
® Few data, few annotations or few GPU time - No results.
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Fast Object Localization
You Only Look Once

SKIT
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[Redmon et al. CVPR 2016, 2017]

Deep Learning in der Bildverarbeitung - KIT Business Club - 17.5.2018

CV:HCI (Prof. Stiefelhagen)

Institute for Anthropomatics & Robotics



Karlsruher Institut fur Technologie

Semantic Segmentation
SegNet ST

[Badrinarayanan et al. PAMI 2017]
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Convolutional Pose Machines _ &(IT

-
-

Source: hitps:/Awww.youtube.com/waitch?v-20QUX11YaY

[Cao et al. CVPR 2017]
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View Specmc Pedestrian Attrlbute Inference (2) ﬂ(".
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[Sarfraz et al. BMVC 2017]
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View Specific Pedestrian Attribute Inference (3) ﬂ(".
\ T ‘ 4" (t . 5_

[Sarfraz et al. BMVC 2017]
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Image Captioning

A person riding a Two dogs play in the grass.
motorcycle on a dirt road.

"black and white dog jumps over "young girl in pink shirt is

"

bar. swinging on swing.’
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A yellow school bus parked
T ==in a parking lot.
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Image & Video Question-Answering ﬂ(".

LOTR: Return of the King

Why does Arwen wish to stay in Middle
Earth?

What color are her eyes?
What is the mustache made of?

She is too weak to travel

She wants to die on Middle Earth
Her son asked her to stay
Arwen sees her son in her visions

Does it appear to be rainy? She likes Middle Earth
Does this person have 20/20 vision?

S. Antol, et al. VQA: Visual Question Answering. In ICCV 2015.
20 CV:HCI (Prof. Stiefelhagen)

M. Tapaswi et al. MovieQA, In CVPR 2016.
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Generative Adversarial Networks (GANS)

<
e
N
m
= O
s O Generator [——| Sample
g X
= o
e
o
m
-
[Goodfellow et al. NIPS 2014]
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Generative Adversarial Networks (GANS)

This flower has  This flower is This flower 1s This flower has  This flower has

This flower has  long thin pink, white, white and upturned petals  petals that are
Text This flower has  a lot of small yellow petals and yellow in yellow in color, whichare thin  dark pink with
description petals that are purple petals in  and a lot of color, and has with petals that  and orange white edges
white and has a dome-like yellow anthers ~ petals that are are wavy and with rounded and pink
pink shading configuration in the center striped smooth edges stamen

256x256
StackGAN

[DiscoGAN, Kim et al. ICML 2017]
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Generative Adversarial Networks (GANS) ﬂ(".

Input Output

........

orange — apple

[CycleGAN, Zhu et al. ICCV 2017]
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Dealing with the Unexpected: ﬂ(".

® Deep Learning models learn statistics from the data. Unexpected or
rare events, not present in the data, will not be recognized.

NVIDIA. CES 2016. e.g. Autonomous driving: how to avoid
accidents if we have not enough data of them?
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Dealing with the Unexpected: ﬂ(".

® Generate more data: (e.g., simulator, GANS)

NVIDIA. 2018. Driving Simulator.
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Dealing with the Unexpected:
Zero-Shot Learning ﬂ(".

® Recognize objects with zero training data via knowledge transfer

Seen Classes
(training images available)

Leopard

Unseen Classes
(no training images)

[Z. Al-Halah et al., CVPR 2016]
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Dealing with the Unexpected:
Semantic Attribute discovery ﬂ(".

® Online articles describing the classes
® Automatic analysis = visual semantic attributes

Article Talk Read View source Vie

WIKIPEDIA Wombat

The Free Encyclopedia From Wikipedia, the free encycl

Main page For other uses, seeg,

SrilizilE Wombats are short-lfgged, muscylar quadfupedal
Featured content . . .

marsupials that are native to Austrflia. They are about
Current events

Random article 1 m (40 in) in length with small, stybby tails. There are

Donate to Wikipedia three extant species and they are all members of the

Wikipedia store family Vombatidae. They are adaptable and habitat

Interacti~~ ’toblﬁant, and are found in forested, mountainous, and

T eathland areas of south-eastern Australia, includin

Hep Family | | ¢
AbOL.. ..o Tasmania, as well as an isolated patgh of about
Community portal 300 ha (740 acres) in Epping Forest Ngtional Park!?]
Recent changes in central Queensland.

Contact page | _
Habitat [Z. Al-Halah et al., CVPR 2017]

Deep Learning in der Bildverarbeitung - KIT Business Club - 17.5.2018 CV:HCI (Prof. Stiefelhagen)

Institute for Anthropomatics & Robotics



SKIT

More Challenges

® Deep Learning is a Black Box: how can it be trusted?
B Bayesian Learning, Confidence Learning, etc.

® Deep Learning approaches are computationally expensive.

® Custom Hardware is being developed
(e.g., Intel Movidius Computing Stick)

® Lack of relevant amount of data.
B Text/Image Knowledge bases.
® Knowledge transfer.

® Not human-like intelligence: learns from examples, not from rules.
® Rule-based machine learning.
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CO n C I u S I O n S Karlsruher Institut far Technologie

® Deep Learning is a very powerful tool that can achieve close to human-
like performance on some image analysis tasks.

® However, to use Deep Learning, an investment on GPUs, annotated
data, and time is required.

® Also, being a statistical method (i.e., that learns from data), does not
cope well with rare or unexpected events.

® New developments in transfer learning, GANs, and simulators are
expanding the number of applications where Deep Learning can be
applied.
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