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Introduction

+» Stereo Vision

Robot navigation, 3D reconstruction...
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Introduction

+» Stereo Vision

Human'’s eye
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Stereo Vision

+» Stereo Camera model
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Stereo Vision

» Correspondence problem

=

' ‘
Right Image /

* Noise — cf. Epipolar constraint

» Low-texture region
 Depth-discontinuity

* Qcclusion
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Stereo Vision

“* Stereo matching method - Local method

SSD (Sum of Squared Difference)

M N

SSDyy (%, ¥,d) =Y. D [, (x, y,) = 1, (x—=d, y)f

y=1 x=1

. " » Local minima problem
SAD (Sum of Absolute Difference) ‘

SADMN (X’ yid):ZZ| II(X1 y,)—lr(X—d,YH

y=1 x=1

MAE(Mean Absolute Error)

1 M N
MAEMN(X,y,d): ZZ|I|(X1y1)_Ir(X_d1y)|
M XN y=1 x=1



lglénmqpswnunBQMMnmw

Stereo Vision

** Stereo matching method - Global method

Use the energy function

E(d) = Edata (d) + lEsmoothness (d)
100 [ 105 |10 12 100 | 105 |10 12
B 9 103 [ 10 11 g 103 i-l:l]
{a) 35D0=35, 2 pairs (b} SSD=15, 1 pairs
100 (105 (10 12 100 (105 | 10 12
11 |a [103 | 101 11 |a [103 | 101
(c) 55D=27, 1 pairs (d) 35D=7, 0 pairs
Implementation :

Belief Propagation(BP), Graph Cut(GC), Dynamic Programing(DP)...

2019-04-10
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Belief Propagation

*»Bayesian network “* MRF (Markov Random Field)

: Directed and acyclic : Undirected and cyclic
Node

1) Positivity
P(f)>0,vf

edge

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

+«» 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 at node X

10
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Belief Propagation

*** Probabilistic Stereo Model

Disparity
%elihood
posterior prior (Hypothesis)
AN P(I ] D)P(D)/

P(D|1)=
P ~— evidence (Data)

"
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Belief Propagation
**Likelihood

P(1]D)P(D)

P(1) / Matching cost function

P(I|D)oc Hexp(— F(i,d,)) d. : disparity candidate at pixel i

P(D|1)=

“*Prior
P(1/D)P(D)

P(D|I)= p(1) / Constraint function

P(D)ec T [Texpl-V(d,.d,))

i jeN(i)

v(d;,d;)=[d, -d|] @

X

12
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Belief Propagation

*»* Probabilistic Stereo Model

P(11D)P(D)

P(1)
o« P(1|D)P(D)
ocHexp (i,d;, 1)) HHEXP( (dwdj))

i JeN

P(D|1)=

:Hz//i (xi, Yi H Hw,,( Xy J) Wi :local evidence for node X

i JeN |
¥;; - compatibility matrix between nodes X, andy.

MAP &8> maximize marginal probability (maximize belief) P(Xi)= Z ZP(X1 X,

Xq s Xg yeer s Xig Xisg seees XN

13
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Belief Propagation

“*Message Passing

: Message m;; from Xx; to X;

O D
N(i)\ AV, ‘
j ® ‘ﬁl
)

m;;(x;) = kmax, [w;i(x;, ¥;) w;(x;, x;) kaeN(i)\j m,(x;)]
™~ mi(x:) = (X, ;) : local evidence

14
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Belief Propagation

*» Belief Update
: Belief D(X;)

o-®
o
e

O O

o) = kw06, ) 1 Lan mix)
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Belief Propagation

“*Implementation of message, belief and disparity

t+1(X ) K max{w. (X| Vi )Wu (X| ’ J) H mk| (X ):|

X €N (X)\X;
b (X;) = xw, (X, Y;) Hmki(xi)
X €N (Xi)\X;
d"" =argmaxb. (x,)

Xy

take the negative logarithm of each equation

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

X €N (X)\X;
B (%) = Cl:Mi(Xi) T Z Mki(xi):|
X €N (X )\X;

D" =argminb. (x,)

Xk

16
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Belief Propagation

Mitj+1(xj) :C”}(_in M; (%) + ¢ (%, X;) + ZMIEi(Xi)

*»» Example 1) Initialize

X €N (X;)\X;
ki M2(x,)=[0 0 of
Po =T e ()= M k) =M (x)=D0 0 oF
2) Update
Mi}(szl)
M
) | (%) | 0+2+M&(x =1)+M?,(x, =1)+ M (x, =1)),
|
2 J —min| (1+30+ M2 (% =2)+ M2, (x =2)+ M2 (x, =2)) [=2
(24724 M, (x =3)+ ME, (x =3)+ ME, (x =3)
1 Mﬁ(sz )

<
e
~
X
S
~
<
~
X
~
<
—
X
~
=%

+2+Ml?1i(xi :1)+M|?2i(xi :1)+Ml?i( ':1))’
—min| (0+30+M?,(x =2)+M?(x =2)+ M2 (x, =2)) |=3
L1+724 M2 (%, =3)+ M2 (x, =3)+ M2 (x, =3))

~
HH

<
3
~
>
&
~
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Belief Propagation
& Example |\/|itj+1(Xj):CFT3(iin Mi(xi)+¢c(xi’Xj)+Xkel\%)l\\:ljlzi(Xi)
k1 Ma(szs)
Qo =123 242+ M2 (% =)+ M, (x, =1)+ M (x, =1))
— min| (1+30+M?,(x, =2)+ M2 (x, =2)+ M, (x, =2)) |= 4
) 0+724 M2 (% =3)+ M2, (x =3)+ MZ,(x =3))
k- | J Mi1-=[2 3 4]T
MZJL (X)__2 3 4_T
1 Mi(x)=[2 3 4] ) M(x)=[11 12 13]
M, (%) M, (%) M, (x,) My(x)=[3 4 5]
Ml%4i(xi)::4 5 6:T
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<
3
~
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&
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Belief Propagation

“» Example

hl! Q, —{12,3}

HH
o -

3) Calculate Belief
B,(x; =1)=2+11=13
ij—z) 2+12=14

(
B,(x, =3)=1+13=14
(
1

B,(x,)=[13 14 14T,

<
e
~
>
’F
~

k

: ~ wW

<
e
~
>
S
~
<
~
X
~
<
—
X
~

~
HH

<
3
~
>
&
~

B; () :C|:Mi(xi)+

D MAP

Xk

ZMki(Xi)

Xk eN (Xi)\xj

=argminb, (x,)

|

X;_VlAP = arg rr)l(:n B;(x)=1
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Example

e

%

Belief Propagation
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Results
< baby1

21
* middlebury-2006 stereo dataset
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Results
< baby2

22
* middlebury-2006 stereo dataset
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Results

< aloe

23
* middlebury-2006 stereo dataset
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Belief Propagation

«»Bayesian Probability (Bayesian Inference)

P(HND) oy pyy— PONH)
P(D) P(H)

P(HMND)=P(DNH)=P(D[H)P(H)

P(H |D) =

P(H | D)= P(DLTSE)(H)
Example — P(H. | D,) = P(D, |H,)P(H,) P(D,): £—0081
P(D, |H,)=0.9 ~ H(D) 1
Smallpox NN P(H.): 10 0

Chicken pox
Patient Doct P(D, [H,)=0.8

’ =
‘ v 0.8x0.1 1
_ _ P(H.): =0.001
* ’@’ P 1D = 0.081 0988 () 1000
l P(HS | Dr) = 0.9x0.001 =0.011
0.081
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