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Introduction

+;» Stereo Vision

. Stereo vision is the extraction of 3D information from digital images, such as obtained by a CCD camera. By comparing
information about a scene from two vantage points, 3D information can be extracted by examination of the relative
positions of objects in the two panels. This is similar to the biological process Stereopsis.
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Introduction

» Applications
: Stereo vision is highly important in fields such as robotics, to extract information about the relative position of 3D objects in the
vicinity of autonomous systems.
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Camera Geometry

+** Pin-hole camera model

: A simple camera without a lens

%

Pinhole

4

N

Light rays

<Mathematical model>
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Camera Geometry

+** Pin-hole camera model

A

(xy.z)

XZ plane

— cf. Principal point
Principal point (p,. p,)

............. -+ Pin-hole

Image sensor

YZ plane
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Camera Geometry
» Epipolar geometry

ivolar i
epipolar line

Left view Right view

— cf. Epipolar constraint
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Stereo Matching

+» Stereo Camera model
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Stereo Matching

+t» General idea

: Match along the epipolar line and Find best matching value

Matching value 1
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Stereo Matching

s+ Correspondence problem

Noise

Low-texture region

Occlusion

Depth-discontinuity
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Stereo Matching

+* Local method

SSD (Sum of Squared Difference)

M N

SSD (X, ¥, d) =Y S [1,(x,y,) 1, (x—d, y)f

y=1 x=1

SAD (Sum of Absolute Difference)
M N
SADy (X, y,d) =D > 11 (xy,) =1, (x=d,y)|

y=1 x=1

MAE(Mean Absolute Error)

M N

MAEMN(Xyd)—mZZIH(XY) I, (x=d,y)|
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Stereo Matching
+* Global method

: Use the energy functions

E(d) = Edata (d) + ﬂEsmoothness (d)
100 | 105 |10 12 100 105 |10 12
N 9 103 [ 1 11 9 103 TEH
(a) SSD=35, 2 pairs _ o) S8D=15, 1 pairs _ _
I I
100 | 105 |10 12 100 | 105 (10 12 [
I I
I I
I I
11 |9 [103 | 101 i[9 [103 [ 101 ],
I I
(c) 550=27, | pairs : (d) S5D=7, 0 pairs :
Implementation :

Belief Propagation(BP), Graph Cut(GC), Dynamic Programing(DP)...
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Belief Propagation
“* MRF (Markov Random Field)

: Undirected and cyclic

1) Positivity
P(f)>0,vf

2) Markovianity
P(fp | fP—{p}) - P(fp | pr)

“* HMM (Hidden Markov Model)

* Observable node(Y) : Image

- - @ Hidden node(X) : Disparity
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Belief Propagation

+» Goal

: Computes marginal probability of hidden nodes

«t» Attributes

 Iterative algorithm

: Message passing between neighboring hidden nodes

*¢* Procedure

1) Select random neighboring hidden nodes X, X,

2) Send message m, from x_ to X,

3) Update belief about marginal probability
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Belief Propagation

*** Probabilistic Stereo Model

Disparity
| likelihood
posterQJr / )/ prior (Hypothesis)
p(x 1) = PO IOP(X

P
V)~ evidence (Data)
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Belief Propagation

+» Likelihood
p(x |Y) :G (Y | X)P(X)

P(Y) / Matching cost function F(s,d,)=|1,(i, j)—1,(i—d,, j)|

P(Y | X)oc | Jexp(-F(s,d,)) d.: disparity candidate at pixel s

Example

2019-04-10

20 | 25 | 117 | 135 | 150 118 [ 134 | 22 | 20 | 15 Disparity(x;)

d=0

d=1

d=2

d=3

d=4

Left Image(Ref.) Right Image Value(ys)

135

130

128

16

32
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Belief Propagation

*%* Prior

pex |v) = PYIXB(X)

P(Y) / Constraint function V(d,,d, )=|d, - d,|

P(X)oc [T [Jexp(-V(d,.d,))  d.: disparity candidate at pixel s

s teN(s)

d, : disparity candidate at pixel t

Example
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Belief Propagation

+t* Final model

P(X|Y)= P(Y |P>EY)I)D(X)

o P(Y | X )P(X)
oc [ [exp(=F(s.d,))[ | Hexp

S teN

=1:[ws(xs,ys )T [Twa(x,

S teNs

W - local evidence for node Xs

¥ - compatibility between nodes x, and y,

v
MAP ‘ maximize marginal probability (maximize belief)
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Belief Propagation

** Message Passing

: Message m, from X, to X,

. Observable node(Y) : Image

. Hidden node(X) : Disparity

Mg(X;) = kMaX ) [Ws(Xs, Vo) Weilxs %) kae Ns)t Mis(Xs)]
S my(x,) : local evidence
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Belief Propagation

+» Belief Update
: Belief b(x,)

. Observable node(Y) : Image

. Hidden node(X) : Disparity

bs (xs) =K Vs (XS’ y$) kae N(s) mks(xs)
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Belief Propagation

<+ Implementation of message, belief and disparity

|+1(X ) K maX|:l,Us (Xs’ ys)Wst (Xs1 X ) H mks (X ):|

X €N (X )\X;

bs(Xs):KWs(Xs’ys) Hmks(xs)

X €N (X )\X;

=arg maxhb,(x,)

Xy

l take the negative logarithm of each equation

|\/|t+1(X) len{l\/l (%) + &, (%, J)+ ZMlii(Xi):|

d MAP

Bi(xi):({l\/li(xi)‘F ZMki(Xi):|
X €N (X;)\X;
X;" =argmin B, (x,) "
Xk [ R S — —



«» Example
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Belief Propagation

1) Initialize Myt (%) =cmin| M (%) +¢ (., x)+ > M (x)

0 X €N (X )\ X

O {123 Msot(xt)=[0 0 0f

N

. M2.(x.)=M2.(x,)=M?.(x.)=[0 0O O]
_ ° (x,)=M2,(x,)=M?,(x,)=
Lefl image 2) Update
- a (5, =1
Right image - (2+0+ M2 (x =1)+ M2 (x. =1)+ M2, (x, =1))
k 3 S t 2 =min (30+1+M|?15(xS =2)+ M (X, =2)+ M} (X, =2)), =2
(72424 M2 (x, =3)+ M2, (x, =3)+ M2, (x, =3))
£l M. (x, =2)
M, (%) M (%,) M, (x) (2+1+ M2 (x, =1)+ M, (x, =1)+ M2, (x, =1))
ks —min| (30+0+M (x, =2)+M?,(x, =2)+M?,(x, =2)) | =3

<

w

(72+1+ M2, (x, =3)+ M2, (x, =3)+ M (x, =3))

~
HE

X
=
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Belief Propagation

> Example 41 |
M (X cmln M_(X.)+a (X, X )+ M, (x
M:(x, =3) )= 06+ 40 %) xkeh;xs)\xtkS( %

-~

Qo =123} (2+2+ M2 (x, =1)+ M2 (x, =1)+M?,(x, =1))
= min| (30+1+ M2 (x, =2)+ M2, (x, =2)+ M?, (x, =2)} [= 4
(72+0+ M (X, =3)+ M2 (x, =3)+ Mf3s(xs =3))

k

wn

~ W

M =[2 3 4]

M&ls(xs)::z 3 4]

1 Mis(x)=[3 4 5] mp M2(x)=[11 12 13]
) Mi(x)=[4 5 6]
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Belief Propagation

> Example

K B =c| M M
Q, ={12,3} s (Xs) =¢| M () + XkENZ(X:S)\Xt ks (Xs)_
31 MAP -
Xs  =argmin B, (X
3) Calculate Belief : N (%)
My, (%) B(x =1)=2+11=13
K S t B(x, =2)=2+12=14
B,(x, =3)=1+13=14
B,(x)=[13 14 14, X" =argmin B, (x,) =1
72 1 g
M., (X,) M. (x,) M. (%)

~
(an)

.H

<
3
~
>
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Experimental Results

< Aloe

25
* middlebury-2006 stereo dataset @Lm@m&mm
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Experimental Results
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