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Stereo image: an old and young media

« A stereo image is made up of two images taken from two
slightly different views to simulate the human stereo vision.

Left camera Right camera Left image Right image

« Based on binocular disparity, which is first described by Sir
Charles Wheaston in 1838.

Charles Wheatstone
(1802-1875)




Easier to acquire, display and transfer

Search results on Flickr



Applications

« 3D movie production

Comtfortable 3D theater space  screen space
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Remap the disparity range for comfortable 3D viewing experience.



Applications

- Image editing

Background replacement

| Stereo ph;)to \
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Color popping



Object extraction for stereo images

. Segmentation should be consistent for both views.
. Stereo |mages have |mpI|C|t depth information.

GrabCut[1] Stereo GrabCut



User interface

Step 1. The user drags a compact rectangle around an object to
get an initial segmentation.

Step 2. The user scribble with a foreground and background
brush to revise the initial result.

Step 1 Step 2



Approach

Establish a correspondence term using stereo matching.

Pre-estimation of foreground/background from depth map

using saliency analysis.
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Stereo matching

« Stereo matching

> Accurate
> Fast

Left image Right image Matching points Disparity map

« ELAS[2] is a GCP(ground control points) based algorithm and
works in nearly real time.



Consistent graph cut

« Global energy function
E(A) = ZPEPIUPr Ry(Ap) + Ap Z:{p,q}eNB Bp,qyldp — Aql+Ac 2{pl:Qr}ENC CpnanlAp, — Ag, |

Region term Boundary term Consistency term

« Graph cut model[3][4]
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(a) Classical graph cut model

Graph of the “*-..
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(b) A simple extension to classical graph
cut model. The graph is constructed by
simply linking the graphs of the left
image and the right image at the
terminal nodes.
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(c) Consistent graph cut model.
The graph extends (b) by
adding correspondence edges.



Depth saliency and pre-estimation

 Basic assumption: salient regions are more likely to differ
from background in depth.
« Saliency value definition:

S(p;) = z d(p) —d(r)l,  pi €So

PKESB

- Histogram based speed up:

SSEED = Y falde—d@)l,  piES,

0=pk=Dmax
 Pre-estimation of foreground/background:
"Object" if Sp(p)) =S¢
L, =

"Background" if Sp(p;) < S
"Unsure" otherwise



Approa




FG/BG color modeling

« Gaussian mixture model:
K

P(cilin®) = ) meN (il %)

k=1

« Use the pre-estimation of FG/BG as samples and initialize the
color model using K-means

 Global energy function
E(4) = ZPEPIUPr Rp(Ap) + 45 Z{p;CI}ENB Bip.g3ldp — Aql+Ac z:{zoz,clr}ENc CivrarylAp, — Ag, |
- Region term

R,(4,) = —log P(cplur, 2r), if A, € Foreground
o —logP(cme,ZB), if A, € Background



Boundary and correspondence term

« Global energy function

E(A) = ZPEPZUPT Rp (Ap) + g Z{p:Q}ENB B{p,q}|Ap - Aq [+Ac Z{prIr}ENC C{pl»Qr}lApl - Aer

« Boundary term
Bip,qy = exp (_”Cp - Cq”z)
« Correspondence term

Cippary = €XP (_”sz — qu”z)



Further editing

« Users scribble on the initial result with a foreground and

background brush.

« The color models, consistent graph model and optimal flow

are re-computed

Input stereo

Stereo
matching

image with user
inputs(rectangle

or strokes)

................................................

_)éisparity maD—)

Saliency

analysis

Construction

‘.--.-
Color model

of graph model

L

Max-flow/min-

cut optimization}...

Segmentation
results

Pre-estimation
of foreground

and background

v

Foreground and

background color

modeling




Evaluation

« Dataset

» www.adobe.com/go/datasets[5]
> www.flickr.com

» Stereo photos taken in real world

@Qv‘ » HEN » ZUGEE (E) » 1 » WS » segmentation » grabcut » grabcut » data » seg_dataset » images

£ | » FHEE (E) » 8 » WE » segmentation » grabcut » grabcut » data » seg dataset » new_images B |
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Consistency and accuracy

Consi luat; |G| + |Gy
« (Consistency evaluation NN
|Ni| + Ny |
Input by machine Input by user
Approach
Rect Stroke Rect+Stroke Rect Stroke Rect+Stroke
GrabCut[5] 95.93 - 98.33 85.72 - 97.20
StereoCut[4] - 99.13 - - 99.12 -
Stereo 99.44 - 99.38 99.25 - 99.27
GrabCut ’ ’ ’ ’
« Accuracy evaluation
Input by machine Input by user
Approach
Rect Stroke Rect+Stroke Rect Stroke Rect+Stroke
GrabCut[5] 81.52 - 94.85 74.01 - 95.02
StereoCut[4] - 91.49 - - 94.44 -
Stereo
GrabCut 87.36 - 96.62 85.89 - 98.16




Running time

« Test on a 2.4GHz Intel T8300 CPU with 2GB RAM
« Acceptable for user interaction
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Future work

« Apply Stereo GrabCut to further applications
» Stereo image editing
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