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" Make a list of the types of recognition

—

i 7S i I
! o !

v = vinnisvaz.co.uic




" Instance recognition: Dam Monument

3 = vinnievaz.co.uic




" Detection: are there people




" Verification: is that John?

= vinnisvaz.co i




" Object categories
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" Scene and Context

Cityscape
Outdoor




" What distinguishes types? Challenges?
. Dam Cityscape
W Outdoor

>~

v = Vi w2 €O




Challenges: robustness

Occlusions Intra-class Viewpoint
appearance

Kristen Grauman
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Challenges: robustness

Realistic scenes are crowded, cluttered,
have overlapping objects.
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Challenges: importance of context

slide credit: Fei-Fei, Fergus & Torralba
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Bag-of-features models
(Visual words)




13

Bag-of-words model in text

* Orderless document representation: frequencies of words
from d dictionary Salton & McGill (1983)
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Bag-of-words model in text

Orderless document representation: frequencies of words
from d dictionary Salton & McGill (1983)

2007-01-23: State of the Union Address
George W. Bush (2001-)

on accountable affordable afghanistan africa ally baghdad :i=:: challenges chamber chaos
choices civilians coalition commitment confident confront congressman corps debates deduction

deficit deliver democratic deploy dikembe diplomacy disruptions earmarks economy einstein €lections eliminates
expand extremists failing families freedom fuel fu nding god haven ideology immigration

L ]
insurgents iran ] raq islam julie lebanon love madam marine math medicare neighborhoods nuclear offensive

palestinian payroll qaeda radical regimes resolve retreat rieman sacrifices science sectarian

L ]
shia stays strength students succeed sunni tax te rro r] StS threats uphold victory

violence violent Wal washington weapons wesley
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* Orderless document representation: frequencies of words

Bag-of-words model in text

from d dictionary Salton & McGill (1983)

2007-01-23: State of the Union Address

George W. Bush (2001-)

choices

deficit
expand

1962-10-22: Soviet Missiles in Cuba
John F. Kennedy (1961-63)

lon achieving adversaries aggression agricultural appropriate armaments dl'IT1S assessments at ~ ballistic berlin
buildup burdens college commitment communist consumers cooperation crisis C U b d dangers

deficit depended disarmament divisions domination doubled €COINOIMIC education

elimination emergence equals europe expand exports false family forum freedom rursi gromyko
halt hazards hemlsphere hospitals ideals industries inflation labor latin limiting missiles
modernization neglect nUClear Hligation observer OffenS]Ve peril pledged predicted purchasing quarantine quote

L
recession retaliatory safeguard sites solution SOV] et space spur stability standby St en gth

surveillance tax undertakings unemployment Wal” warhead WEQA pOﬂS welfare widen



Bag-of-words model in text

Orderless document representation: frequencies of words
fI'OIIl d dictionary Salton & McGill (1983)

2007-01-23: State of the Union Address

George W. Bush (2001-)

N 1962-10-22: Soviet Missiles in Cuba
choices g John F. Kennedy (1961-63)

deficit «
expand abandc 4944.12-08: Request for a Declaration of War
Franklin D. Roosevelt (1933-45)
palestini abandoning aggression aggressors airplanes armaments armed army assault assembly authorizations bombing
Hri tai “heerfully claiming constitution curtail december defeats defending delays democratic dictators dis

economic empire endanger faCtS false forgotten fortunes fl’eedom fulfilled fullness fundamental gangsters
german germany god guam harbor hawaii hemisphere hint hitler hostilities immune improving innumerable

violend

on 1slands isolate J a pa n ese labor metals midst midway Na@VYy nazis obligation offensive

paC1f1C part1sansh1p peart pPHl / lege eject
macy tanks taxes
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How would you apply this to images?
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[Lokale Beeldkenmerken




19

Visueel woordenboek

Lucht Berg Zand Water Plant Steen
9 2 0 6 3 4

Hele beeld gerepresenteerd als vector van 6 getallen



Classificeren

(—)

Test matrix

H#Hbeelden

Train matrix Verdeler
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Example of Visual
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Questions?

* Advantages?
— Translation invariant
— Robust matching of visual word instances
— Fixed length feature vector
— Good performance

* Disadvantages?
— Loss of spatial position and object configuration

— Quantization loses information



Spatial pyramid representation

. Extensmn of a bag of features

* Locally orderless representation at several levels of resolution

level O

Lazebnik, Schmid & Ponce (CVPR 2006) Slide: S. Lazebnik




Spatial pyramid representation

« ExtenSion of a bag of features
* Locally orderless representation at several levels of resolution
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Lazebnik, Schmid & Ponce (CVPR 2006) Slide: S. Lazebnik




Spatial Py yramid representation

. Exten on of a ba features

* Locally orderless representation at several levels of resolution

level O level 2

Lazebnik, Schmid & Ponce (CVPR 2006) Slide: S. Lazebnik




Scene category dataset

hll bmldmo inside city str 111011w1y
| E = 2 % 3 h Bl ﬁ
- B, bl 5
open country mountain forest suburb

Multi-class classification results
(100 training images per class)

Weak features Strong features
(vocabulary size: 16) (vocabulary size: 200)
Single-level = Pyramid | Single-level = Pyramid
45.3 £0.5 72.2 0.6
53.6 0.3  56.2 £0.6 | 779 £0.6  79.0 0.5
61.7+0.6 64.7x0.7 | 79.4 0.3  81.1 £0.3
63.3 £0.8 66.8 0.6 | 77.2 0.4  80.7 £0.3

Slide: S. Lazebnik



Caltech101 dataset

http://www.vision.caltech.edu/Image Datasets/Caltechl0l/Caltechl0l.html

.

Multi-class classification results (30 training images per class)

Weak features (16) Strong features (200)

Single-level ~ Pyramid | Single-level  Pyramid
15.5 £0.9 41.2 +1.2
3114 +£1.2 328 £1.3 | 559409 57.0+£0.8
472 +1.1 493414 | 63.6 0.9 64.6 £0.8
522408 54.0+1.1 | 60.3£0.9 64.6 0.7

Slide: S. Lazebnik
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Questions?
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Drawback to the Codebook Model

» Hard assignment of features to codewords
— Codeword Uncertainty / Codeword Plausibility

0.5 ——

0.4} VANR i

0.3}

0.2}

°-1JI I

0 " —
a b cd e f g h I |

Traditional Codebook Visual Word Ambiguity, TPAMI 2010



30 Silverman and Green. Density Estimation for Statistics
and Data Analysis. Chapman and Hall, London, 1986.

Kernel Codebooks

* Codebook model 1s a histogram
— Problem: Hard assignment to histogram bins

— a solution: Kernel density estimation

5 T T T T T T T T T T 5 T
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4 1t

405

— Symmetric Kernel allows kernel codewords
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Ambiguity Modeling

Best candidate, Constant weight

Multiple candidates, Constant weight

A @

0.5 o - 0.5
04 A ¢ O : 0.4} O
sl B i il i
0.1} o ] 0.1} | | |
oabcdefgihij “.a.b cd e f g h i j
Traditional Codebook . V_isual Word Uncertanty
2 Ag ik
U0 a L4 .
o ;.Zwt; - : .
L - 9
L "..-.',:‘-::- s 'y
. T
0.5 Best candidate, Kernel weight '05 Mult|ple candidates, Kernel weight
04 L @ L 04l 4 ¢ ] ]
0.3; 1 0.3+ ]
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0.1 e 01 R M
0abcdefghij a b cd e f g h i |
Visual Word Plausibility Kernel Codebook
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Results Scene-15 Dataset

Vocabulary Size and Vlsual Word Amblgmty

Vocabulary Size and Vlsual Word Amblgwty
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¢ ¢ Kernel Codebook

25 50 100 200 400 800 1600 3200
Nr. Visual Words

50 100 200 400 _ 800 1600 3200
Nr. Visual Words

— Ambiguity has more effect in high-dimensions

— Codeword Plausibility always performs worst

— Codeword Uncertainty always performs best

— Ambiguity has more effect for small vocabularies

— Performance increases asymptotically with vocabulary size
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Results Scene-15 Dataset

Vocabulary Size and Visual Word Ambiguity

50r
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Codeword Uncertainty
Codeword Plausibility
Kernel Codebook

Hard Assignment O R - +

L A N

112 25 50 100 200 400 800 1600 3200 6400 12800 25600
0.02% 0.04% 0.07% 0.15% 0.3% 0.6% 1.2% 24% 47% 95% 19.0% 38.0%

Nr. Visual Words

— Hard assignment completely fails for too large vocabularies

— Soft assignment stays relatively constant
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Questions?
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Summary

Types of Recognition, challenges
Bag of Features, Visual-words
Spatial-Pyramid

Soft-assignment



