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Applications

<Broadcasting>

#¥ Yongel University

310




<Robot path planning> <Entertainment>
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Applications

#Interactive MR broadcasting system
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Mixed Reality System

Real Object
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MR System

% Display Device
= Optical see-through HMD
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DIME MR System
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30 Image Processing

# 307
= 2D = width + height
» 3D = 20D + depth
Increase reality
# Human perception

= Two eyes + Brain
two 2D images a 3D view

# 3D video sequence
= Left eye view sequence
+ Right eye view sequence
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 DIME 3D MR System

3D image Lo Camara
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DIME - Key Techniques

# Virtual Object Generation
= 3D Modeling & Photorealistic Rendering
# Camera Calibration & Image analysis
» Camera calibration
» Feature extraction
= Depth estimation
# Marker tracking & Registration
* Realtime marker tracking
» Object registration
# Synthesis & Interaction
» Media Synchronization
= HCI
* Mutual interaction between real and virtual world
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315




U@ camera calibration

# The extrinsic parameters
= Translation matrix, T
= Rotation matrix, R

# The intrinsic parameters
s Focal length, f
* The location, (u, . v,)
» Effective pixel size (s, . s,)
= The radial distortion coefficient, k(or ©)

Yonsei University

Camera Calibration

# Camera model and stereo geometry
= maps a 3D point

. . R, X

to 2D image point / M
x| [x] 22 «

x 1 000 Y,,
Y Y

y|=Al0 1 0 0D =P _
A VA D——‘——ﬁ,

s 001 0 | : 0 fm

P : perspective projection matrix
S : scale parameter

A : intrinsic parameters matrix

D

. extrinsic parameters matrix
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l'ﬂ ' ;; ~ Camera Calibration

f k, f-k,-coté u,
v R t
A= 0 f v, D:[ }

sin @
0

f :focallength
k, k. : scale factors

R : 3 x 3 rotation matrix
where :

t: 3 x1translation vector

where : L .
u,,Vv, : principal points

@ : angle between retina axes

=>f we know both the intrinsic and extrinsic
parameters of the stereo system, we can

reconstruct the 3D location of the point M from
m1and m2 '
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DIM ‘;f Camera Calibration

# Simple case of a parallel camera system

Image 1
mu(x1,y1)

Lens center

image 2

- 5|

z-
\\\ World point ]—' ____xl_l
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Marker tracking & Registration

Stereo Camera |

¥ ,
Feature Detection |
Tracking \  ~ Virtual Models
v o '
Pose Egtimation —> y Pattern Recognition ~» Registration

o h Right view
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M- Multimarker-based MR system

Left Right Left Right

v v 4 4

» Color Segmentation (threshold)
» Contouring (make parameter)
« Extracting label

* Reguiar mesh

using texture warping
¥  J (2D-CG synthesis) Or
» 3D-CG synthesis

+ Depth estimation

« Tracking (make 3D-cocd)

+ Normal vector estimation

« Calculate rotation (R,, R, R;)

% Yongel University

318




DI multimarker-based MR system

#*HIS color enhancement

#*Blob Tracking —

,,,,,,

Tracking Region R
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YU multimarker-based MR system

#* Texture warping using regular mesh
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U Multimarker-based MR system

# Lost Marker Estimation and Occlusion

= Lost blob position estimation from the rest
of the blobs

= Synthesis using Depth data

& Yonsel University

Multimarker-based MR system

# 3D Object Registration
» Calculate the surface normal vector

R.=acos(n,/ (n},Z +n,’)
R, =acos(n,/ (n’+n')

RZ =aCOS(\/(yzZ _y|2)/\/(x22 _xll))
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DIMB Depth estimation & Synthesis

#Block diagram

Noise filtering
Feature extraction

L Virtual objects ]

Camera { Stereo rendering l
parameters

Hierarchical disparity estimation

ﬁ)epth information ]

[ Initial disparity estimationj

1
( Dense disparity estimati(ﬂ
!

( Disparity regularization j

{ Depth comparison H Synthesis J
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Depth estimation

# Disparity estimation
= Reglon dividing techmque

i: B D |
‘&J~ﬁ g
40 A T

Region * [Region 2| Region 3 Region 1|Region 2| Region 3

= Shape—adaptive matchmg windows

Shaps-adaptive
matching windowsss

5 &

B

Rectangular P ) N N
window 5;1 Yonsei University

Depth estimation

# Hierarchical disparity estimation

= |nitial Disparity Estimation
>Block—-based disparity estimation in the
subsampled images
>The region—dividing technique

» Dense Disparity Estimation
>Pixel-based estimation in full resolution images
>The region—dividing technique and the shape-
adaptive window technigue
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 DIME Depth estimation

hooeoe —

e T e e ™ il e

% Dense dlsparity with occlusion
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M Depth estimation

%}Dlspanty regularlzatlon

* The resultant disparity vector map should

be smooth and detailed
>continuous surfaces should produce smooth
disparity map
>preserves its discontinuities at the object
boundaries
= Regularization of the vector fields
>By minimizing the proposed energy functional

E(d(r)) L([ (r)—L(r +d(r)))* dr+ 2 Ll//(Vd(r) VI (r))dri
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Depth estimation

"~ = y(Vd,VI) is a potential function whose gradient
is given by :
V(w(Vd, V1)) =g( VI, ")Vd

= Associated PDE (with the Neumann boundary conditions)

% = Adiv(g(| VI, P)VA)+,(r)- L(r +d)VI,(r +d)

= Diffusion tensor

a1
g(s7)= (1+5%)?
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Depth estimation

#Numerical approximation
d* (e, ) - dh (x,9) d L, [\ ad*(x.y)) @ al(x,y)
dp)zd ) ,1{_[g[’__¥.]x_a;L]+5[g[_ayJ_

T ox ox
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]X d* (x, y)]
0}’

+(]2(x+d‘(x,y),y)— I‘(x,y))x

+{d* (x, ) -t (x,y))X(
= |terative solver

d*(x,»)=d" (x,y)+

T

I3 2
- T(alg(x-kd (x,_v),y))
ox

N 0 [61,(x,y)| ad* (x,y) o |3I,(x,y)l ad*(x,y)
l:l{ax(g(l ox |)X ox ]+6y(g[l oy Ix oy
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Ml Depth estimation

%¥ Yonsei University

3D Reconstruction

# Reconstruct 3D model with 3D MAX
= Estimated depth map=>displace map
» Original image=>diffuse map

iversity
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~ 3D Reconstruction
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synthesis and Interaction

Depth
Comparison

Lo
e

Virtual Depth

[ S ELSE
Real Depth Ol(1)=VI(L}

Vi(Z.)

Virtual Intensity

] RI(L) | )

Real Intensity Output Image OI(1})
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dl- synthesis and Interaction
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