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Perception (Computer Vision) |

Basic problems

Detection
Segmentation
Labeling

Pose estimation

1. General formulation

1b. Popular image representations

2. Connection with earlier discussion on factor
graphs

3. Other approaches
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Basic problem

* Detection

* f: X =Y Y =all possible positions (and
scales) of object

Basic problem
* Foreground/background segmentation
 [: X =Y Y =all possible 0/1 labelings of

image {0,1}™
Ground Truth
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Basic problem
* Labeling

 f: X =Y Y =all possible labelings of image
{1,...,L}"

Basic problem

* Pose estimation

e [ X =Y Y =all possible poses (u, v, 8, s) of
image {1, ..., P}¥

y = (yl! ---;yK)
yi = (Ui, v, 05, 8;)
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Basic problem
* Pose estimation
* f: X =Y Y =all possible poses (u, v, 8, s) of
image {1, ..., P}¥
o

Yang and Ramanan. Articulated pose estimation with flexible mixtures-of-parts. CVPR. 2011.
V. Ferrari, M. Marin-Jimenez, A. Zisserman: "Progressive Search Space Reduction for Human
Pose Estimation”, CVPR 2008

Basic problems

Detection

Segmentation

Labeling

Pose estimation

Possible formalization (structured prediction):

f:X-Y
g:XXY->R

f(x) =y* = argmaxyey g(x,y)



Example: Linear classifier for detection
glx,y) =w.¢(x,y)

People:
w.p(x,y) >0, W o,

I'/. -
/o Not people:
w.o(x,y) <0
R® ¢ space

* Slight digression: A couple of popular features
@ (x, y) for vision problems

* Bags of words
* Histograms of gradients
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Example teature @(x,y) : Bag ot
worde (Rn\W)

The New
Oxford
Dictionary

=

Clustering Dictionary

'4,‘," ' Filter )

Multiple training
images

Local features at
each pixel: E.g., filter
responses over a
bank of filters

Modeling Texton Distributions

Histogram

. ﬂmMJdL .
Visual Model =

word Map Histogram
of visual
words in

the image

image

Filter
Responses



Analogy with Text Analysis

Political observers say that the government of Zorgia
does not control the political situation. The government

will not hold elections ...

Frequency of occurrence
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Word from
vocabulary

Analogy with Text Analysis

The ZH-20 unitis a

200Gigahertz processor
with 2Gigabyte memory.
Its strength is its bus and
high-speed memory......

o Histogram from Compare
Q .
54 inputfragment \
k)
>
g = Word from
I é .5 E % g g g -f_&’j vocabulary

§ EE558 853

w oo =2g8"

O]

Frequency of occurrence

Histogram from

training “political”
frag ments

Frequency of occurrence

Election

overnment

Gigabyte

Gigahertz

Memory

Observers

Hlstogram from

training “computer”

fragments
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Classification: Nearest-neighbor

mm LMJJL M

Compare with Models of Plastic

Stored Models

; from Training
i ; Images
Input Image Model mmm “M'M
(or Region of

an Input Models of Grass
Image)

Example Classification (NN)
m Tree
LJ Cow

[" ’ m-nu-- « + « Visual words
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Classifier on BoW

Histogram L‘L

Model

Building:

ar anlas A SO 1

Fll ter responses ¢

NN - - - | o " S
,//‘ o Not buildin

vir anlae A -
. R4 @ spa

Example feature @ (x, y) : Histogram of
gradients

* Gradients in images capture the local variation of intensity = vector
of derivatives of image in coordinates U and v

* Captures local ”shape” and local “texture”



E:/06FallCV/Demo_WinnCriminisiMinka.wmv

Histogram of Gradients: HoG

§§| fé 9 discrete
orientations of

gradients

20
= \

= 1

P e R ®E T MR E B

8x4 cells ) ]
Histogram of gradient

magnitude over 9
discretized orientations

Slide adapted from Pedro Felsenwalb, Ed Hsiao, Varun Ramakrishnan

Normalization

—S =
cell

cell

9 x 4 values

&&_/ 7 per cell

-
cell

P

Slide adapted from Pedro Fel senwalb, Ed

Varun Ramakrishnan 9 orientation bins
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Feature vector
« o(x,y) € R*d =~ 1000

w.p>0

Example HOG Positive Negative
detection descriptor components: components:
window Peole class Non-people clas:

N. Dalal and B. Triggs . Histograms of Oriented Gradients for Human Detection. CVPR, 2005
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Other objects

Average HOG
Image template Top 5 detections

Courtesy Santosh Divvalla 2012
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Other objects

HOG Average
template Image Top S detections

Example: Segmentation

n
gx,y) = Zgi(x: yi) + Z 91 Vi Y;)
- i,jEN (i)
f(x) =y" = argmax,egoyn 9(x,y)

9ij i, yj) large if  y; =y,

gi(x,y;) large if data x at i agrees with model y;
Example: Linear model g;(x, y;) = w;,.. 9;(x, y;)
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Example: Segmentation

X gi(x,y;) +9i; Vi, yj)

Example from Christoph Lampert

Example: Labeling

n
g(x.y)=zgi(x,yi)+ Z 9i,; Vi, ¥j, X)
=1 LJEN (D)

9i,j Vi, yj, x) large if y; = y; when data agrees ati andj
9ij (Vi yj, x) = wij. 01 Vi, ¥j, X)
gi(x,y;) large if data x at i agrees with model y;

5 e Vi? (%))

Examples: Linear, Softmax g;(x,y;) =
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Example' Pose estimation

glx,y) = th(x yi) + Z glj(yvyj)
i,j linked

gi(x, yi) = wi.9i(x,y;) @i = HoG at y;
9i; Vi, ;) = likelihood of relative positions y; and y;

Example: Pose estimation

X gi(x, yi) gx,y)

V. Ferrari, M. Marin-Jimenez, A. Zisserman: "Progressive Search Space Reduction for Human
Pose Estimation”, CVPR 2008
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Possible structured models: Factor graphs

g(x,y) = Zgl(x yi) + Z gl}()’u)’j)

i,Jj linked
9(x,y)
log(exp(z G+ ) g0ey))
i,j linked
exp(g(x,y)) = H'Pi(x; Vi) 1_[ Yii i y;)
i,j linked
Factor graphs

p(ylx) x exp(g(x,y))

1
(1) = ~exp(g(x. )

1
=El_[1pi(x,yi) l_[ Vi i, y))
i,j linked

Conditional
random field
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Reminder of key results: Inference

* Exact algorithm on tree-structured M
graphs - \

— Message passing
— Max-product: compute y*  Zx; fiy(xi.%) [ (%)
— Sum-product: estimate marginals
p(ilx)
* Approximate algorithms
— Loopy BP
— Sampling
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