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Stereo Vision

Robot navigation, 3D reconstruction…
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Stereo Vision

Human’s eye

Stereo Camera
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Correspondence problem

Left Image Right Image

• Noise

• Low-texture region

• Depth-discontinuity

• Occlusion

cf. Epipolar constraint
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Stereo matching method – Local method

SSD (Sum of Squared Difference)
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SAD (Sum of Absolute Difference)

MAE(Mean Absolute Error)

Local minima problem
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Stereo matching method – Global method

Use the energy function

)()()( dEdEdE smoothnessdata 

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

Implementation :



2019-04-10

Belief Propagation

9

HMM (Hidden Markov Model)

Observable node(Y) : Image

Hidden node(X) : Disparity

A
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Node

edge

Bayesian network

: Directed and acyclic

MRF (Markov Random Field)

: Undirected and cyclic

1) Positivity

2) Markovianity

ffP  ,0)(

)|()|( }{ pNppPp ffPffP 
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Goal

: Computes marginal probability of hidden nodes

Attributes

: Iterative algorithm

: Message passing between neighboring hidden nodes

Procedure

1) Select random neighboring hidden nodes  ji xx ,

2) Send message 
ijm

ix jxfrom to

3) Update belief about marginal probability at node
jx
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Probabilistic Stereo Model

Left Image Right Image Disparity

)(

)()|(
)|(

IP

DPDIP
IDP 

evidence (Data)

prior (Hypothesis)posterior
likelihood



2019-04-10

Belief Propagation

12

Likelihood
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Probabilistic Stereo Model
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Message Passing

xi xj

yi yj

N(i)\j

mij(xj) = κmax(xi) [i(xi, yi)ij(xi, xj)xkN(i)\j mki(xi)]

: Message ijm
ix jxfrom to

mi(xi) = i(xi, yi) : local evidence
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Belief Update

: Belief 

xj

yj

bj (xj) = κ j (xj, yj)xkN(j) mij(xj)

)( jxb
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Implementation of message, belief and disparity
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Example
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Example
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Example

k1

3) Calculate Belief

 
 
 

    1)(minarg,141413

141313

141222

131121









kj
x

MAP

j

T

jj

jj

jj

jj

xBxxB

xB

xB

xB

k

2

2

1

2

30

72

2

31

70

4

40

90

ji

k3

)( jj xM)( ii xM

)(
11 kk xM

)(
33 kk xM

}3,2,1{D

3

32

80

k2

)(
22 kk xM












 

 jik xxNx

ikiiiii xMxMcxB
\)(

)()()(

)(minarg ki
x

MAP

i xbD
k





2019-04-10

Belief Propagation

20

Example

Image
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baby1*

* middlebury 2006 stereo dataset
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baby2*

* middlebury 2006 stereo dataset
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aloe*

* middlebury 2006 stereo dataset
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Bayesian Probability (Bayesian Inference)
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