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Ingredients: Rice, Seaweed,
Crab, Cucumber, Avocado

Calories: 40
Eat: /g
Carb: 40g
Protein: 5g
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http://en.wikipedia.org/wiki
/Amanita_phalloides

TOXIC. DO NOT EAT
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DO NOT RUN
Raise arms to appear larger.
Show your teeth
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ON SALE
$29.00 at ikea.com
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Inhabits sub-alpine forests in Japan.
Nocturnal. Eats seeds, fruit, tree leaves
(Wikipedia)
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| wish my computer could recognize

<0

=
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| Robotics Assistive tools

Recognition
Engine

Image search Mining social media
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What can computers already recognize?
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Google Goggles

Use pictures to search the web.

New!

{Menu:
Crépes-8
OeAK5-7

Text Landmarks

|

GLOBAL
HISTORY
A SHHARY

Books

Contact Info

=

@ 11:03

DOGIe goggles tabs U
Q

Lammkoteletts vom Biobauern mit
Schalotten, Tomatencoulis und Basilikum-
Gnocchi

German (auto) » English

Lamb chops from the farmers with the
shallots, tomato sauce and basil gnocchi
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What’s the next to work on?
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all. AT&T 2 7:14 PM @ 31% a7

Browse similar images.

s

No close image matches found
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PASCAL VOC [Everingham et al. 2006-2012]
.‘1 3

Airplane Dining table
Bird Dog

Boat Horse

Bike Motorbike
Bottle Person

Bus Potted plant
Car Sheep

Cat Sofa

Chair Train

Cow TV monitor
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The rest of the talk will be about
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What about

d== (o Ug[e

No other sizes of this image fount ®
IMages

Visually similar i lmaqes Report images

l Wﬁﬁm
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The rest of the talk will be about
And Gas Pumps

— And Solar arrays

Radio

What do they have in common?  — First aid kit
Spacesuit

- Oxygen Cylinder
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Let’s work on recognizing EVERYTHING
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How many things are there?

WordNet
\ | y ; &
. < \..:?‘ 2 4 o ‘ :*‘ W "
\ AR flicki 1 S0
>
10K+ 60K+ 80K+ 3.5M+ 4.1M+
[Biederman ’87] product English nouns unique tags articles
categories [Miller ’95; Fellbaum  [Sigurbjérnsson &
’98] Zwol '08]
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From 20 classes to Millions?




il s ey

THEBITERBIT
Viral infections for viruses

TROPICAL CYCLONES
The strong get stronger

BLACK HOLEPHYSICS
A new window on the
Galactic Centre

D el L

NATUREJOBS
Minnesota musings

SCIENCE IN THE
PETABYTEERA

W
: . May 10, 2024
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Big Data from the Internet
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Global Consumer Internet Traffic Per Month

201 EB
156 EB
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YouliTiry: hours of videos / min
million images / day

2016
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Big Data from the Internet

[1 The Internet can teach EVERYTHING
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Google vitbuliirog

Evolution Gone Wild
Future plants and animals
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4. Anon User
v 2

It looks like a Northern Trust Visa, which would make sense given his public
disclosures report a banking relationship with the firm:

2 @ Northern Trust

VISA SIGNATURE

‘ UOG 123‘1‘ 56718 9010
; ﬁfowdo 00/00700 \VISA

SIGNATURE

2, tams Jonwson

What kind of credit card is President Obama
using in this video of him donating to his campaign?
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The Internet: Machines + Crowd

Big Data

Teach machines to recognize

Ranjay Krishna, Jieyu Zhang Recitation 7 May 10, 2024



PASCAL VOC

RN S B s ‘ol O
5 e e P o L
-
20 10K+
[Everingham et al.’06-"12] [Biederman '87]

Goal: Build a recognition engine on EVERVTHING-
10K classes
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IMGENE T rengetat 200

22K categories and 14IM images

* Animals * Plants * Structures
* Bird * Tree * Artifact
* Fish * Flower * Tools
* Mammal * Food e Appliances
* |nvertebrate * Materials * Structures

www.image-net.org

* Person
* Scenes

* Indoor

* Geological Formations
* Sport Activities



Number of

Labeled
Images

ImageNet, 14M
SUN, 131K [Deng et al. ’09]

[Xiao et al. ‘10]

LabelMe, 37K

[Russell et al. ’'07]

PASCAL VOC, 30K

[Everingham et al. '06-"12]

Caltech101, 9K

[Fei-Fei, Fergus, Perona, ‘03]

Ranjay Krishna, Jieyu Zhang Recitation 7 May 10, 2024



Learn to Classify 10K Classes

e 9 Million images

e 4 methods
o SPM+SVM [Lazebnik et al. ’06]
o BOW+SVM |[Csurka et al. '04]
o BOW+NN
o GIST+NN [Oliva et al. '01]

* 6.4% for 10K categories

200 1000 7k 10k
# of Categories (log spacing )
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Learn to Classify 10K Classes

Bird Reptile Fish

Accuracy (%)

cpusa omre oy

Bird -

Reptile
Fish 4

Aquatic bird

Aquatic bird
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Fine-grained categories are a lot

harder
Entity Entity
) . , 0.
30 ............................................................................
Artifact ;\3 ® | Artifact
§20 """"""""""""" T % Fungus134
. = 4+ [*¥ Ungulate183 _
fehicle Sqob X ® \/chicle26? jenicle
? O CalNet200
i ; . Ranq200{abc}
0 5 10

Average Semantic Distance

Coarser
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Challenges

—|Semantic hierarchy

— Fine-grained classes
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Entity

Animal
(@]
D
3
L
Dog =
<

‘ Portuguese water dog

‘ Bo, the first dog

Ranjay Krishna, Jieyu Zhang Recitation 7 May 10, 2024



Entity

Animal

@ pog  Let’sdescribe at this level
But it wastes capacity

Portuguese water dog

Bo, the first dog
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Hedging: Be as informative as possible with few
mistakes

4 Entity N

Mammal
-\ — Kangaroo V
Gebra Kangaroo )
‘ 4 Entity N
|
’ Mammal
 — Mammal “
Gebra Kangaroo )
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Formal Problem Statement

entity

mammal
vehicle

zebra kangaroo boat car
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Formal Problem Statement

entity

All Correct mammal
vehicle

zebra kangaroo boat car
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Formal Problem Statement

entityE l :

vehicle

All Correct mammal

zebra angaroo boat car
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Formal Problem Statement

Assumptions
e Same distribution for training and test.
* A base classifier g that gives posterior probability on the hierarchy.

Goal
* Finda Maximize R(f)
* Expected accuracy A(f) is at least 1-& /

« Maximize expected reward Subjectto A(f)=1-¢

Test mage posterior for all nodes

Deng, Krause, Berg, Fei-Fei, CVPR2012

Ranjay Krishna, Jieyu Zhang Recitation 7 May 10, 2024



Pick a global confidence threshold T=0.9 (vailaya et al.’99]

10 @ <o 1.0

: -~ Another 100 images
100 images 0.90

0.80

0.6

S2

510

Reward = (S1 *0.90 + $1 * 0.90) /2 =S0.90

Accuracy = (0.90+0.90) /2 =0.90
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Pick a global confidence threshold T=0.9 (vailaya et al.’99]

10 @ <o 1.0

e Another 100 images
100 images 0.90

s1

0.80
0.6 Sz Slo
Reward = (S1 * 0.90 + $1 * 0.90) / 2 =50.90
Accuracy = (0.90+0.90) /2 =0.90
1. | T=0.95
__ Another 100 images
100 images 0.90
T=0.80
0.80

Reward = (SO * 1.0+ $10 *0.80) /2 =54

Accuracy =
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We can optimize individual thresholds...

But actually we don’t need to.
Thereis a

Ranjay Krishna, Jieyu Zhang Recitation 7 May 10, 2024



A global, fixed scalar parameter

ﬂrease each reward by \

1 -
_f_l_l_ Ly
Test image l Expected rewards Predict the best
Y i | =
Lo o Ty
. "I\\._l '.~‘ — ® — —r—

B R s =
posterior for all nodes l B = =

o /
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4 I
Picka A |Egal Decision rule fwith A [ >
( on validation)
T N
%

o

Theorem: Under very mild conditions, this is optimal.
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ImageNet10K

3.5
~~ -
o 3w
iy
O 2.5}
p —
£ 9
(qV)
O 15}
" -@= Ours
-49 1l <a= LEAF-GT
< 051 MAX-REW
MAX-EXP \
8.2 0.4 0.6 0.8 1
Accuracy

Deng, Krause, Berg, Fei-Fei, CVPR2012
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www.image-net.org/eva

EVde

Engine for Visual Annotation

The EVA system, powered by ImageNet, can annotate images with guaranteed accuracies. It currently
recognizes over 10,000 visual categories. See the project page to find out more.

Paste a URL | Upload an image
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http://www.image-net.org/eva

»a Google Goggles

Use pictures to search the web.

wll. AT&T 2 7:14 PM @ 31% 02

Browse similar images. E V ﬁ

0.95 coffee mug
0:97 mug
0298 drinking vessel

No close image matches found
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Google

images

7| Image size:
i 401 x 604

No other sizes of this image found.

Visually similari images - Report images

0.87 face, gas pump, person
0.90 face, gas pump
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EVie

Engine for Visual Annotation

0.75 artifact, crater, matter, vertebrate
0.77 crater, matter, vertebrate
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0.78 person, instrument
0.84 person
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Challenges

— Semantic hierarchy

— |Fine-grained classes

Next Recitation!
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