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Abstract

The point is a vanishing point and the lines which meet at the point are vanishing lines.
Depth-map can be generated to restore a 3D space structure from the 2D im e&g?g
the vanishing point. The research described in this paper compensatezwh he
disadvantages of depth-map generation techniques that need to restorefa spatial

structure from a 2D image. In addition, a 3D panorama system is Y The 3D
panorama system using depth-map generation techniqu tes a effect in which
i ound. The 3D

users feel that they are standing at the shooting Ioca.Q

panorama system provides a free time for nearby objetts and«distan¥background in a
wide area, and it creates realistic 3D images suc onstan%%uality pictures. The
3D panorama system will offer the sense for th aI and;[h fmmersion as it gets over the
limit of 2D panorama technology and sup sers wit tural navigation. The 3D
panorama image using depth-map is woj icing siace It shows the possibility to use
the construction of image based virtu
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1. Introduction

The people who,r computer g phICS (CG) have worked to improve given 3D
models to be moré ic. B fforts 3D graphics technique reached considerable
level. Even it i ble to pr film by using only computer graphics techniques.
ed 3D ¢ |cs is based on real world. In computer vision area, the
3D model or virtual environment has actively progressed.
vironments are formed by CG modeling method. However,

e to make realistic virtual environment needs lots of times and

The conventional vi
using a modeling
efforts [1,10-11}
Mosaic imageypanorama VR (virtual reality), and TIP(tour into the picture) methods
have been\%&d to produce image-based VR systems for building a virtual environment.
The mo age method is used to compose multiple images that are taken from the
actug &-v point of the user. Although this method has the advantage of easy production,
appropriate for organizing a 3D virtual environment.

orama VR is used for easily organizing a virtual environment and for expressing a
particular space such as a model home or virtual exhibition owing to its advantage of
providing real-world images. However, panorama VR lacks three dimensions owing to its
use of 2D images, and the time depicted is limited as only objects at the time of the
shooting location are viewed; in addition, it does not provide various navigation functions.
TIP adds to the advantage of panorama VR by applying navigation functions, and its
three-dimensionality allows the creation of new images by adding a 3D model. At present,
both at home and abroad, studies are being carried out for creating virtual environments
using TIP techniques that make users feel free time, and that include navigation functions
and three-dimensionality [2-5]. TIP to date techniques are targeted to specific objects or
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confined to a 2D image, so depth are less for close objects and long distance in the
background.

In this research paper, we proposed a new 3D panorama system by using depth creation
using vanishing point. It can make up the weak point of former depth creation system to
restore 2D images into 3D images. 3D panorama system using depth creation can give a
cubic effect to its user as they are on the shooting point. The system can provide wide
range of free viewpoint, realistic and cubic effect from a short distance object to long
distance scenery. To compose realizing image including image processing and
interpreting, we can produce multiple scale 3D virtual environments for user to user
interaction.

2. Related Works

2.1. Depth Creation Using Vanishing Point

Vanishing points are powerful clues for depth perception in indoor o or
environment with artificial structures. A vanishing point corresponds to t i
farthest distance from observers. Human beings can estimateya vanishi
geometrical components of a single-eye image, and perc V%Iatlve
location of the vanishing point and the viewpoint of the
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Oﬁigure 1. Gaussian Sphere for Detecting Vanishing Points

@nishing point is one of the depth clues used to solve the problem of restoring the 3D
spatial structure from 2D images. Images that contain artificial structures such as
buildings, roads, and railroads consist of geometrical elements such as straight lines, and
include many parallel or orthogonal straight lines. The distance between two parallel lines
in a 3D space becomes shorter as they get farther from the observer in a projected image
on a 2D plane and ultimately meet at one point. This point is called a vanishing point and
the lines that meet at the vanishing point are called vanishing lines. Vanishing points are
very powerful clue for depth in outdoor images that contain architectural structures such
as buildings and roads and indoor images such as corridor and room. As vanishing points
are generally on the horizon, they represent the farthest point from the bottom of the
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image. Thus, it is possible to estimate the relative depth using vanishing points. As a
method for detecting vanishing point using straight lines, the Gaussian sphere is used [6-
7]. Figure 1 illustrates the detection of vanishing point using the Gaussian sphere.

2.2. Panorama VR and Image Mosaic

Panorama VR is to show nearby sight at one's location. It gives an effect just like he
feels in the place and it can reenact at certain days. To get this effect, panorama method is
used. A 360 angle image that is taken real world in one shot is called as Omni image or
all direction images. Images that transform Omni images to a cylinder, a rectangular or a
globular shape are called panoramic videos. To generate a panoramic video, it divides 360
angle backgrounds into many components and takes each shot in which front image and
rear image are overlapped about 1/3. Then it creates panorama effect by applying stitch
algorithm to each image. Representative technologies for this method are IPIX from
Interactive Picture, Inc., HotMedia from IBM, QuickTime VR from Apple and Reallty
Studio from Live Picture and many other researches for panorama generation are_curtgn
held. With panorama VR, it is easy to build virtual environment and provi eo
exactly the same as real world images, which enables application to pr e certain
space such as an apartment and an advertisement of virtual gallery. As p R only
utilizes a 2D image, it does not provide high solidity, lim wpomt e psers can see
objects only from the place of taking and does % S navigation

functionalities.
Image Mosaic is a synthesized video that ta enery \gé by video capture

equipment then combines the images for user see all digectiorT nearby the user. As it
provides wide field of view (FOV) for on@compa single video captured by
video capture equipment such as a camer comm d Mosaic can be applied to
various areas. For example, map makl V|gat|on and for aerial photo or
satellite photo and many other sc urpoR also a basic modeling process to

ded mosaic by mixing series of videos.

create IBVR that is comprlseao orami

Recently, IBVR becomes topic iff uter vision area as well as computer
graphics. Compared to virtual reality \hat are based on existing 3D model, IBVR
provides not only better é’supportl lity but also simpler rendering process. This
method that is pr or 2D_based video mosaic is not appropriate for building

navigation enable rtual i -9].
3.3D Pa a G @ion Algorithm
Let X= &Y whichei int from the projection of X =(X.Y:2) he a point in 3D space

istortion-free camera. For a 2D image, the relationship between
follows.

U is a vector represents X as a homogeneous coordinate. K is a camera calibration
matrix tha@rws the relationship between a 3D point of the camera coordinates and a 2D
point o mage upon which the 3D point is projected. R and t represent a rotation
matri translation vector, respectively, and indicate the transformation relationship
world coordinates and the camera coordinates. As we call the parameters

n

indldded in vector K the internal parameters of the camera, fis the focal length, Q js the
aspect ratio of the pixels, S is the skew, and (XeYe) js the principal point.
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The rotation matrix and translation vector of the camera before rotating are R and®,

respectively, while those of the camera after rotating are ® and'. For convenience, when
conforming the center of a projection to the zero point of the world coordinates, we obtain

%=4=0_If homogeneous vector of a point that is from the projection of certain poiat X at-
3 dimensional space to o (original image) and ' (rotated image) is each Yoand ! S,
we refer to the pixel relationship between two images from a camera rotafi planar

homography; this relationship is represented by a 3*3 matgix H . Congi that the
corresponding image point is the same when multiplyin eﬁl nu@cept 0 with

the homogeneous vector, H can also be defined reg% scal ence, planar
homography is defined using eight parameters m In fac the number of
parameters included in K from H=HRoK™ js five e numb parameters in Ror is

three, we can see that the number of mdepen@paramet@@ is eight. This type of
homography is called 8-parameter homogra@

Table 1. Camera \IOI’I %allzed Mode
2@ (\\

(condition)
- As pixels are generally & spect ratio satisfiesa=1,

- As the CCD ce I: @ompose

- As the ass at the al axis of the camera goes through the array center is a

age are arranged on the square, the skew is =0,

safe 0 phincipal EQC <) is in accordance with the image center.

O

FindingH , whi icates the pixel relationship between two images, is called image
registration. In ral, H can be calculated using more than four correspondent points,
but greate@io should be used to obtain a more accurate value of H . Therefore, we
assume e camera satisfies this normalized model.

T)&, in the normalized model, the number of independent parameters included in

(focal point distance f and three rotating angles within Roi; we refer to this as 4-
@eter homography). General rotation matrix R is divided as follows.

R = R(uw)R(EIR(a)

0 cosu N = o 1 0 =|—=ing cosg o H4)
=ind 0 cosﬂj ] o lj

|:1 o o ] |:c05|9 0 —sind| |:cc>5|::| o =in @ |

0 —=inw cosl_.rj

In equation (4), RW}ROMR®) are the respective matrices that present the rotation
transformation from each X.Y.Z axis, and ¥'?¢ are the Euler angles. Given planar
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Homography H in a normalized model, the calculations of K and R are conducted as
shown below. Matrix K can be divided as follows.

10 x7] [f 0 0]
K ;:J:(=[0 1 }-=-=[0 f ol ()
00 1] [0 0 1] ,
o [A A A
E,=RK} =E'HE =H=|hy hy hsl &'
L-_ Ry

Substituting with equation (3),
Al f] ‘

By g
R=L: By Rl S )]
Ay Ry Ay | v
Therefore, 0

AsR is an orthogonal matrix, it satisfies the following eh\

h2
hfi+hi + T2 =h3f2+hj,f2 &

After calculating  from equation (8), R i alned b t|t ting © in equation (7).
The camera models described above do no er Iens |on As a wide-angle lens

is used to obtain a 360° panorama video,'x ecessady, to consider lens distortion when
applying the algorithm to a wider are @ 4) ar, dinates of a pixel in an original
image, and %) are the corre p@g coordin& a pixel in an image in which lens
distortion is removed. As Q the, (%r coordinates, given ®a¥o) | (%) are
calculated as follows:

(xz—x &+k:r§+...}+xc:
\\QL = g1+ +'E':Jr.;}+---}+.}'c.

Q I (ya—y2 ®,
At this t, ki kzgaial distortion coefficients.
xu=(xé—xc){l+.b§}+xc:

@a Yu=Wa -y N+ +y,, 10,
£ I —X ¥. —¥
O Id — & [= + I . = & - + .L.

S+, ) T +)
T R T =

%ﬂtrary to when (wYu) are given, *a:Ya) are as follows:
s

equation (12),

(D

Copyright © 2016 SERSC 121



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.9 (2016)

P ek e —b 2
s Oh(k): 3k’

- .1

—— 1 ot 1 1 g

AR = (\’El?‘k-: BT Ty e T 12
Pl x ) (v ¥ ) (14)

4. 3D Panorama System Using a Depth-Map

Author names and affiliations are to be centered beneath the title and printe
New Roman 12-point and non-boldface type. Multiple authors may be sho two or
three-column format, with their affiliations below their respective names ff Idtions are
centered below each author name, italicized, not bo Iade e dresses if
possible. Follow the author information by two blank i - |nt D panorama

image generation using a depth- map can create a hig depth- anorama image
with only a tripod, without the need for special & ent S %ya rotator. It is also
possible for the camera to attach some pictures “Shot non ontally. The camera
automatically compensates for the difference ivéhqhtnese en the input pictures, and
generates a cylindrical or spherical pano@ image pr ion. Figure 2 shows the

shooting direction of the camera rotatiops .

Fi . Shooting Direction of the Camera Rotation

shot by the body is generated. The generated depth-map panorama system gives
the user@e feeling that they are standing at the shooting location and looking around.
Figu ows the configuration of the panorama system with the proposed depth- map.
% detection of a depth- map, a median filter is applied to remove noise from the
e. It detects an edge on the input image through canny edge detection using pre-
processing, and the vanishing points through a Hough transformation. The vanishing
points are designated through the intersection points of the detected vanishing lines. As
vanishing points appear in a 3D space and straight lines are more distant on a 2D
fluoroscopy image, the gap is narrower, and the end points are thus the vanishing points.
Straight lines meeting at the vanishing points are the vanishing lines.
The location scope of the vanishing points responding between images and vanishing
points is defined because vanishing points are required to be classified into the depth
phases depending on the image location. The standard-depth step on a plan is created

The paqolam image of a wide angle including 360 degrees attaching multiple image
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based on the location scope of the defined vanishing points, and a depth- map is generated
by linearly interpolating adjacent vanishing points.

( Input Image )

1)

Depth-map generation

)

Image stitching

1

Image matching

Depth-map

Panorama I l Image Panorama I

1

\/
3D Panorama v
Figure 3. Configuration of the Panorama Syst%wnh a&(@ap

Depth-map generation is divided into three steps. T, ste ge detection,
reduces noise by applying a median filter as a pre- g st nput image, and

detects the geometric characteristics by applylng a edge n algorithm. In the
second step, i.e., a vanishing line and vanishing pomt on straight lines are
detected through the application of a Hou n ormaﬂ addltlon the intersection
points of the straight lines are obtal the Io tionvof the vanishing points are

estimated through the location scope vanj omts In the last step, i.e., the
location estimation of the vanishin a and ap generation, the location of the
e

vanishing points is estimated thgo e location Seope of the vanishing points, set depth
step, and a depth-map is ulti nera the basis of the location of the vanishing
points.

This experiment is o d by th\@am materialized in visual C++ 2010 using
OpenCV 2.3 library i i i i
S\ d

i5 1.83Ghz,"4GB, Windows 7 environment. Input data are
B pixel web camera and taken from 800MB pixel

3 ot in both left and right directions for 180° on the basis of
the cameras used. Bi 4 and 5 shows a comparison between the 3D panorama
generation techni @smg the proposed depth-map and the conventional depth-map
generation tec@; 5 images shot at intervals of 40° degrees with process generation
were used in,the ®omparison; the accuracy of the depth-map was also compared.
Tablez%s the result of each method of required time. Proposed method needs about
twice ti ore than the conventional method. Because it progresses one stage more.
T bIQ ows that the depth-map for the middle area of the image has an accuracy of
n 85% in both the conventional and proposed methods. Conventional depth-map
ation techniques do not generate an accurate depth-map for the left and right areas of
the image. 3D panorama generation techniques using the proposed depth-map show a
relatively high level of accuracy.

D pan@generatlon techniques using the proposed depth- map were
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Conventional depth-map
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Figure 4. Panorama D@Mapg\ ion Comparisons
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Figure 5. Panorama Depth-Map Generation Comparisons Il
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Table 2. Required Times
Depth-map Process stage Time Total time
generation
techniques (msec)
Edge detection 86 320
Conventional Line detection 68
depth-map L
generation ESE_ITI&'[IOI‘_\ ¢ 9
techniques vanishing poin
Depth-map stage 76
Depth-map 81 \/’
generation n ?\
3D panorama Edge detection 90(18x5) @
generation . .
techniques using a Line detection 245(4
depth map Estimation /

g

Table 3. Comparl@ of Dep’@p Accuracy on a Panorama Image

nclusion

Depth-map BQQ n te Match rate(%)
6 left | middle | right
Depthw genera echniques using | Image I 37 85 40
an estimation location of the
vanishing poi Image 11 29 88 30
A
3D norama generation techniques Image I 76 88 80
using -map
: Image II 82 85 79

Computer vision system contributes a lot to user interface, real time object recognition,
realizing media system to be developed. The various researches for 3D contents including
cubic effect, immersion and sense of reality are actively progressed in domestic and

foreign.

3D panorama generation techniques using depth-map has a cubic effect of looking
around standing on shooting location to users. In 3D panorama system, it provides free
viewpoint of short-distance object and long-distance scenery and realistic 3dimension
stereoscopy like high quality picture in 3D virtual environment. To remedy the
shortcomings of generation techniques of depth-map in 2D image, we proposed a 3D
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panorama system using generation techniques of depth-map by the point of vanishing
point in an image. 3D panorama generation techniques using a depth-map needs more
stage, so it takes 2.5 times more than conventional techniques. But its accuracy is
improved about 2.5 times in left and right side of the image.

By using this paper, we can overcome the limit of conventional 2D panorama
techniques and provide more realism and immersion by giving natural navigation to its
users. It becomes the subject of interesting by proposing the possibility of constructing
image based virtual reality system. 3D panorama generation techniques using a depth-map
can produce realizing 3D panorama by combining effectively computer vision technique
including image processing, interpreting technique and virtual environment method for
interaction user-to-user.
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