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Artificial Intelligence (Al) I Computer Vision (CV)
s8>
Machine Learning (ML)

« Bl (Object Detection)

o H#rozs (Object Classification)

o 7SR (Scene Understanding)
R o EV/ELASE (Semantic/Instance

Deep Learning (DL)

Segmentation)
o —#EEHFE (3D Reconstruction)

BRUREMLE o ISPRER (Object Tracking)

Convolutional Neural H o TAZZEAET (Human Pose Estimation)
Network (CNN) o {791R5! (Activity Recognition)
o HIEAREIAE (VQA)

http://DeepLearning.ouxinyu.cn TSN TEELA BX#h= | ouxinyu@alumni.hust.edu.cn 7/135



mu,\uuEﬁ%mm%m—/\gzﬁuﬂ@nJ e, AR FIAHIREE

http://DeepLearning.ouxinyu.cn . TSN REELA ﬁ . ouxnyaluni.hust.edu.cn 8/135



MSRARIE T SR — A AR, FFAMRES

7N
5
P

5E& S % (image classification)fBxBIM iR Bl (visual
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=(image captioning). 15\ % Zl(semantic segmentation),
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Frank Rosenblatt, ~1957: Perceptron
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1998 LeCun et al.

Image Maps

Input
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Subsampling

2012 Krlzhevsky etal.
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ImageNet Large Scale Visual Recognition Challenge (ILSVRC) winners
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2010 2011 2012 2013 2014 2014 2015 2016 2017 Human
Lin et al Sanchez &  Krizhevsky et al  Zeiler & Simonyan &  Szegedy et al He et al Shao et al Hu et al Russakowsky et al
Perronnin (AlexNet) Fergus  Zisserman (VGG) (GoogleNet) [ResMet) {SENet)
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CVPR topic distribution: 2000 vs. 2013
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2018 Turing Award for deep learning

most prestigious technical award, is given for major contributions of lasting importance to computing.
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EHRLKXEA, 530-540 million years, B.C.
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EHRLKXEA, 530-540 million years, B.C.

“Fascinating — Boston Globe
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how VISION sparked the

——Andrew Parker, zoologist

big bang of evolution
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Encyclopedia, 18™ Century

INFLBK S

Gemma Frisius, 1545

of dehquium Amo c?a.
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Where did we come from?

The known story — Neuroscience inspired Al

SHINE — SHERRFRLBIATLEGE(AI)
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Hubel and Wiesel, 1959
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AGURE 4.8 Response of a single cortical cell to bars presented at various orientations

Hubelf1WieselfE 1958 FAYEM LR ELIEH, ERMERRIMEHIHRE BRI TR oINS
RIBEURL, FFEN T EEMEZME, &I 7T HNEEEESH., IR TFAMTHESARERE F EEE
fitl, MARIIFEETHEIN/REEFNEFR, LIREMMIE "URERFE[INI" AIEESTHL,
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2.3 AT ERAIRHIEH
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Learning representations
by back-propagating errors

David E. Rumelhart*, Geoffrey E. Hintont
& Ronald J. Williams*

* Institute for Cognitive Science, C.015, University of California,
San Diego, La Jolla, California 92093, USA

T Department of Computer Science, Carnegie-Mellon University,
Pittsburgh, Philadelphia 15213, USA

FIGURE 2

ORGANIZATION OF A PERCEPTRON WITH
THREE INDEPENDENT OUTPUT -SETS

F. Rosenblatt, 1957 Rumelhart, Hinton & Williams, 1986
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Where did we come from?

The not-so-known story — the search for
computer vision’s “North Star”

ARBBAT AAMBIEE — IFHITERRKE “J6RE”
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2.3 ARERRHHEENARTSE 7
1960s: XI5 Rk it SFATIERE
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Input image 2x 2 gradient operator computed 3D model
rendered from new viewpoint

Larry Roerts
1963, 1°t thesis of Computer Vision
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY
PROJECT MAC §

s — M EVIMR
Artificial Intelligence Group July 7, 1966 ﬁ'jlﬁj E :_:1 966£E{:|:J :

Vision Memo. Ho. 100.
ST KSR
IE FhAL,

THE SUMMER VISTION PROJECT

Seymour Papert

The summer vision project is an asttempt to use our summer workers
effectively in the construction of a significant part of a visual system.
The particular task was chosen pitt{z because it can be segmented into
gub=-problems which will allow individuals to work independently and yet
participate in the construction of a system complex enough to be a real

landmark in the development of "pattern recognition!l.
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ARSI —H, BENEERE

MASSACHUSETTS INSTITUTE OF TECHNOLOGY
PROJECT MAC

Artificial Intelligence Group July 7, 1966
Vision Memo. No. 100,

The summer vision project | )/ use our summer workers

effectively in the const part of a visual system.
The particular tasks fuse it can be segmented into
gub-probl n to work independently and yet
participate a4 system complex enough to be a real

landmark in t of "pattern recognition'l.
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Obj. Recog.
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EiRHER . ITRFNEEAR LI 280

v ISBEUE
v R LERNFRITFIIRIER
v "Hl28%>]Machine Learning” J1F&8
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v ERIFBRZFEEZAD

http://DeepLearning.ouxinyu.cn HENREELR BX#h= | ouxinyu@alumni.hust.edu.cn 42/135



SHFREZES (Deep

3 AKTEMSS ERIAIRAE S
EilRkEz: MILABEIRZIRISR

i

=0

D O
2

Biederman, 1970s-80s
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RiEMER: BEFEAEEAES

Brooks & Binford, 1979 Brooks & Binford, 1979

) g S e
X
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SEAX IR BN
TETRIRAY, (BI51C1HIX
B SR EHRIZE 7T,

KMartin A, Robert A,
Brooks Fizschler Elschlager

B
BIMR N=mAFER  EIGRB

Lawrence
&. Roberts

APRANet
PDEERIES
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B—AFXFIHENERHNESE

2 Y2-D sketch 3-D model

Input image Edge image

— —

wion Bl S o

¢ Input Primal 2%-D 3-D Model
i A Image Sketch Sketch Representation
Zero crossings, Local surface 3-D models
' blobs, edges, orientation hierarchically
avid Mare EE;‘;‘;E?; bars, ends, - and organized in
virtual lines, discontinuities terms of
B groups, curves in depth and surface and
Shimon Ul boundaries in surface volumetric
Smampel orientation primitives

Stages of Visual Representation, David Marr, 1970s

Alittle bit of knowledge; {4 1*
Manual modeling b
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2.3 ASREMRAEARHIZE
LREMEL: NRFIRMCRIZIFR

iteinass (€00 ey
Computer Vision Machine Learning 1

YesF IiFZl T IR BRIZ IR
v ZIEESE(SVM): Vapnik et al. 1995

v BEERigia(AdaBoost): Freund & Schapire 1995
v Elf&8L(Graphical models): Pearl 1988, Bishop 1995
+  S/RAIKPENIZ(MRF), S4MEH1I3(CRF), 4GRS
(MCMOQ), Gibbs3*#F, 2293 (Variational), 3E= 1 MER
(Non-parametric Bayes)

v ML (Neural network): FZiHRE 19505
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Lowe. IJCV, 1992

D.
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Normalized Cut (Shi & Malik, 1997)
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D. Lowe. ICCV, 1999
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Level O
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3 ARER KB ERIAMRTIZSTI

Vii=

_\lflf|||| Il
— I‘/

Dalal & Triggs,
2005
% Deformable Part Model
g Felzenswalb, McAllester, Ramanan,

2009

orientation
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ARl K,
FUJlFllm—-2006z-$E

H 7 sB—a ABIRBIEN
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Viola & Jones, 2001
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3 ARERTHL EBGARHSE D
=4EE (3D Reconstruction)

RERARERHS =%
55, TTANESE
X, HES ARRZAK!
ROERL,

linll

S. Agarwal et al. ICCV, 2009
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2.3 ARTEM KR ERIARTISS7]
S ERF IRBARRBI (2000-2010)

EiSBIQEEEE  12H(Boosting)  i@4¥(Bag of Words)

Viola & Jones 2001 Leung et al. 1999; Sivicet al. 2003;
Felzenszwalb et al. 2000 Torralba et al. 2004 Grauman et al. 2005; Lazebnik et al. 2006;
Fergus et al. 2003 Fei-Fei et al. 2005

Fei-Fei et al. 2003

JESMHHR ShEi7 SakEEE
@ @

Kumaretal. 2003 Chen et al. 2006

Sudderth et al. 2005 Gould et al. 2009 Zhu et al. 2007
Li et al. 2007
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3 ARER KB ERIAMRTIZSTI
BExpIzIiESRk (1990-2010)

86 % RIERE S B LR

Internet Data Growth (1990-2010)

- What Happens in an Internet Minute?

And Future Growth is Staggering |i%...| ™

(7 [
Today. the ' 2015, the
rumber of - ‘ hmmbﬁd = 2‘
networked devices networked devices

= o

EEE SRR I B BB

Global Data Traffic (PB/month) St
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The Image C|aSSI'FICEItIOﬂ Challenge
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Drumstick e Drumstick
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SCFARESS (Deep Lea

2.3 AZLEMES EEARAIE
IMAGENET CIaSS|f|cat|on Task

0.3

0.25
S
= | 0.2
Ll
c
o S 1000 1,431,167
E object classes images
= Lol N

—_—

2010 2011 2012 2013 2014 2015 2016 2017

Deng et al. CVPR, 2009; Russakovsky et al. [JCV, 2012;

0
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—THHCRIRI205E: ERtmEEIRERESEAEFESLAEIILL

MSCOCO, 328K T‘ - T14M
SUN, 131K [Deng et al. "09]
[Xiaoet al. "10] \'

LabelMe, 37K
[Russell etal.'07] \_\

N
PASCAL VOC, 30K
[Everingham et al. 'D6-"12] \\
Caltech101, 9K E-
[Fei-Fel, Fergus, Perona, 03]
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3 ARER KB ERIAMRTIZSTI
Bt MAIEHREES

WordNet
| D, @ e o
y 0 & &
=k , -e
>
10K+ 60K+ 80K+ 3.5M+ 4.1M+
[Biederman '87] product English nouns unique tags articles
categories [Miller '95; Fellbaum  [Sigurbjornsson &
'98] Zwol'08]
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SLARESS (Deep Learning)

2.3 A*rm TJ- EM‘A‘/\*“%’J
IECROGER: R SIRHRAFIR
1998 oy Gl “’:“‘“‘ams@:

LeCun et al.

Obj. Recog.

-

Full connection Gaussiai
Convalutions Subsampling Convelutions  Subsampling Full connection

# of transistors # of pixels used in training

10’ NIST

i I ‘é By 3 ".‘\ f-’j ,I ,Illd l* 2
LT e
', e |||
W 3 -

2012

Krizhevsky — VA
GPU et al. i-’\ 1 d—- farad B
L - 178 Max | | o
pocling 1090 i0as
# of transistors GPUs # of pixels used in training

&1 L 104 |[MAGENE T ¥ S kiR
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2.3 ASREMRAEARHIZE

IMJ S&GENE | Large Scale Visual Recognition Challenge

Year 2010
NEC-UIUC

Dense descriptor grid:
HOG, LEP

{

SUper-vecion

Coding: local coordinate,

{

Poofing, SPM

4

Limssar WA

[Lin CVPR 2011]

e o]

Year 2012

SuperVision

e ==

L1 o

: R ]

TN

o "".‘:" Fr |_'
Pt

Year 2014

GooglelNet

@ Pooling
£ Convolution
' Softmax
@ Other

[Szegedy arxiv 2014]

VGG

softrman

[Simonyan amiv 2014]

Year 2015
MSRA

[He ICCV 2015]
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WWRIABRCREE: KiE. $INMA =

% 5
3 o
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[ o ©
f= g g g
i ®©
-

Deep Learning,
Convolutional Neural Network

IMAGENET . TS
Big Data means
real-world scale

recognition

7 e
i s 0

f - - = = - - S
More learning, 4 EE™
Beginning of data g 53 M

=] M3 Statistical learning
U rebooted computer

vision
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SLARESS (Deep Learning)

2.3 AXERRLHEABARTISST
AT HRERNFEIFIELERHRID

Attendance at large conferences (1984-2019)
Source: Conference provided data

15,000 " 3Bwo

% 10,000 _Eeg;; " §
' e . e mlmFig.Zh o o o Yeal'
Number of attendance Startups Developing Al Enterprlse Appllcatlon AI
At Al conferences Systems Revenue
Source: The Gradient Source: Crunchbase, VentureSource, Sand Source: Statista
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2.3 AXERRLHEABARTISST
ElixEl, 2D/3DENRER

i Wang et al, "Pixel2Mesh: Generating 30 Meszh
ngre ssive GAN, Karras 2018. Models from Single RGB Images™, ECCV 2018

Th .-—-.qi:g GOl paubifie F""'-ii
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2.3 ASREMRAEARHIZE
HEXRITRE

Action Genome: Actions as Spatio-Temporal Scene Graphs

action: take a bag from somewhere

action; drinking from a cq.i:l
action: take (Eutehﬂ-uk from sum-evmerk
|

Ji, Knshna et al , Action Genome: Actions as Composition of Spatio-temporal Scene Graphs, CVPR 2020
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5

Mandlekar and Xu et al , Leaming to Generalize Across
Long-Horizon Tasks from Human Demonstrations (2020)

Wang et al., 6-PACK: Category-level 6D Pose Tracker with
Xu et al, PointFusion: Deep Sensor Fusion for 3D Bounding Box Estimation (2018) Anchor-Based Keypoints (2020)
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ERRLHEAARFIZET
EliRFIERITE (BSiRiRA)

PT =500ms

Some kind of game or fight. Two groups of two men? The man
on the left is throwing something. Outdoors seemed like
because | have an impression of grass and maybe lines on the
grass? That would be why | think perhaps a game, rough
game though, more like rugby than football because they pairs
weren't in pads and helmets, though | did get the impression
of similar clothing. maybe some trees? in the background.

Fei-Fei, Iyer, Koch, Perona, JoV, 2007
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2.3 AEIEMB B ERAIRRIESS)
BEEE 0 _ .. _ .

1:} ) { penet | s
- . har|  {whe] sungsses | o
) {==o) o5 & @ —

— > . Y [ o _\.- J' I
T | . ——

—, Eﬂﬂ? ‘-_“vl {‘_!J
(o) = = -
col 8 = .
e ]m] | rgin |
. S | srglassos | i'""_\ o =) b
o (3] (FE) - [
Transforming Marketing (=) — ) yellow | —— ] %
- Forbes Technology Council = v — @ L‘;J —
N = - -
| el | o dargin |

Knshna et al., Visual Genome: Connecting Vision and Language using Crowdsourced Image Annotations, IJCV 2017
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2.3 ASREMRAEARHIZE
=EIERE: MKREVQA

—
(=)

O What endangesed anmal 0 Where will iPe Sreeer go
i teatared on B ruck? H srming nghe?

A A il g A Owag 14 % Ra b Dhuiiteg & wedilng

A A s k. Deis 75 %W Ra A Thareey @ bae =iy saih
Blue cap on mans head. A Aomming ¢ A Osie 73 % Rt A Dutgotonen

A A rpyen A i el Srree A Dureg a Sur-ey choroh

L s u g

What is on the man’s head? A blue cap.

- ()

lady wearing pink and black jacket RS R 1 P S

WIS e Era oh e Eniiteem ol he
What color is the jacket? Pink and “'ack Tovo amemver hwuidor of o waw? Wige?
.:., A (P b They wees boagethes o A &
A A el i & gl g 0 e a2
& A Bpalarsd ared a wite & e worrmn e vy i A 2
A 4

T B LW L
A T wETRS e by 12
WT The ~rule
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.3 AKTEISE S ERGAIRFIES
M EIBERISFE (Image Caption)

Whole Image Image Regions abe! dens .E
Classification |

Single

Label
 Skateboard |
Sequence Orange spotted cat
Skateboard with
abel |

complexity . = oy
v il
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“A group of men

: MA man
standing.
n .
a
4 Whlt(’E’
wall.

‘ “A group people in a room.”
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2.3 AXERRSHEANARTIS T
ARG TERTHIAE X1 (Image Caption)

“front wheel of a bus”
,-\*:' o ‘?'
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IT R RIS

Ha=n
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s
REFIIRIR  Appicaons rgetes - o
“ W automaton
55 vased ecmologes .

Compuief vm:a mowes, anpgnw Q o ) Il
syie;r; are us content gLy e ZEFERE
images N—f-: v L4 AppC based
‘m Iﬁ%}_l_ l:lﬁl:lﬂ:ﬁ g -e on 1mamama

Ebm}fﬁ feed (secunty or
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devices (Phones, Tablets,
Digial cameras, etc. )

3
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3.3 MISTAIRAYIS

o 2012F 2 BkEEX MR E REIEIAE
2.527B, 2020%F15iA%31.5ZB

o Yol smEEIES

o NETFLIX =65

185%
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® TaialttEBY (Bag of Visual Words) (Ref)
® ZEE/R[a=(Fisher verctors) (Ref)
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https://hal.inria.fr/inria-00583818/document
https://arxiv.org/abs/1405.4506
https://www.robots.ox.ac.uk/~vgg/rg/papers/peronnin_etal_ECCV10.pdf

SLARESS (Deep Learning)

.6 BRSBTS E

2 EES
o EEIFIA: KiftitvsMBIRE

i 2. HIBERER

/ / §

P / e ™
a )
—> d,  2(p,) ; — > dry2(ps)

— d:11(py) <:| / E’,Lv 7 +3 /' d;1(p2)

Py / d-(p,)
2 1
input volume channels 7 o 1 input volume channels
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Simonyan and Zisserman, Two-Stream Convolutional Networks for Action Recognition in Videos, NeurlPS 2014
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Large-scale Video Classification with Convolutional
Neural Networks
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to around a half
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_ Low-res image context
downsampled to (w/2, h/2)
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® CNN+RNN: Videos as Sequences

[5EBAY(E]

1)

FHIE

1) BY:

Bt

2) \ /;}zﬁ,

3) RGB + ¥
2) HEXCNN4HIE
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Beyond Short Snippets: Deep Networks for Video Classification
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1) Conv Pooling 2) Late Pooling 3) Slow Pooling

E——— —

HH.

4) Local Pooling 5) Time-domain convolution
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SLRFESS (Deep Learning)

3.6 ERARSRALIET X

Wirtt=Ed
Two-Stream Convolutional Networks for Action
Recognition in Videos

=Dl (W) SEFSIME () 95

- N
Spatial stream ConvNet
conv1 || conv2 || conv3 || conv4 || conv5 fullé full7 ||softmax
7X7x96 || 5x5x256 || 3x3x512 || 3x3x512 || 3x3x512 || 4096 2048
- stride 2 || stride 2 || stride 1 || stride 1 || stride 1 || dropout || dropout
. ¢ norm. norm. pool 2x2
single frame pool 2x2 || pool 2x2
Temporal stream ConvNet
conv1 || conv2 || conv3 || conv4 || conv5 || full6 full7 [|softmax
7X7x96 || 5x5x256 || 3x3x512 || 3x3x512 || 3x3x512 || 4096 2048
; stride 2 || stride 2 || stride 1 || stride 1 || stride 1 || dropout || dropout
input ’ norm. ||pool 2x2 pool 2x2
video multi-frame pool 2x2
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