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ABSTRACT

This paper proposes a tree-based hierarchical image mosaicing system using camera and object parameters for efficient video
database construction. Gray level histogram difference and average intensity difference are proposed for scene change detection of
input video. Camera parameter measured by utilizing least sum of square difference and affine model, and difference image is
used for similarity measure of two input images. Also, dynamic objects are searched by through macro block setting and extracted
by using region splitting and 4-split detection methods. Dynamic trajectory evaluation function is used for expression of dynamic
objects, and blurring is performed for construction of soft and slow mosaic image.
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| . Introduction to hard problem to process, transmits and understands

information. Especially, video has problem that users

By enhancement of computer information technology  are not easy understand content of video fast because

and increment of user's requirements, research Video has much wide information as integrated form

concemed with rmultimedia data processing is  With text, still image, sound and voice etc. as well as

performed widely. However, because of large amount moving picture itself. Also, implementation of method

of multimedia data and much process time, it remains  that can express easily their information because scene
A AL HFEF s}

MR 2003. 7.7




Eg 7I¢t AH/54 9% BApela

and contents of scene differ in one video is not easy,
and in case of still image that is retaining resemble
contents has a problem that in occupy many storage
spaces.

Mosaic image construction refers to the creation of
single new image that compose several videos and still
images related together{1]. Mosaic is classed by static
mosaic that focus on background, dynamic mosaic for
dynamic object description, and synopsis mosaic that
appear representatively integrating static and dynamic
description(2].

Technologies of mosaic construction process consist
of arrangement, integration and overlapping analysis of
continuous images. The most traditional field of
application for panoramic mosaic system is
construction of air artificial satellite picture, recently
scene fixing and scene sensing, video compression and
indexing, and research of camera resolution as well as,
even study in very various field to simple picture
edit[2-4]. Frame image that represent one scene in
video is known as representative frame image, it have
many difficulty in understanding scene of moving
picture only by representative frame. Mosaic image
solves ambiguity problem of information that can drop
in representative frame of video because it make
resemble much images to single image. Mosaic image
has great advantage that is use of minimum storage
space, fast transmission of data, and understanding of
whole scene because it is including all adjacent
images.

Many papers suggested difference image, coordinate
conversion technique of image, optical flow and
problem and solution of motion estimation. Shum et
al.[3] proposes a description method of mosaic image
that each input image is concerned with transformation
matrix that is not method to reflect on general plane.
However, this method has a disadvantage that is very
sensitive at noise. Xiong et all4] proposed way to
construct the virtual world by getting 4 images
rotating camera 90 degrees. IBM’'s system called
ImageMiner is system that integrate still image

analysis in video analysis as IBM's trademark,
described method to recognize object using color,
texture and shape information as step that analyze
mosaic image[5). However, ImageMiner system has
problem that it does not recognize dynamic object
because mosaic image is recognized object only with
color, texture, and shape information. Irani et al[2]
proposed about dynamic mosaic construction for
dynamic object, but specific method that can identify
camera and dynamic object that move did not describe.

The easiest method in that create mosaic image is
that consisted transfer only between images. Images
moved so only can be implemented easily on minimum
restriction, and mosaic of high resolution that quality
is high of mosaic image can be created, and advantage
is as well as computing time is fast[6-9].

Camera motion must be measured necessarily to
construct mosaic. One of the camera motion estimation
is a method that perform through parameter calculation
of camera that use optical flowf3, 10). Also, motion
models that used to extract camera parameter have
used as two-dimensions parameter motion model and
complicated three-dimension motion model[3]. Affine
model that can measure rotation at the same time
including movement and scaling among 2 dimensions
motion model is utilized most in camera parameter
measuring(4].

This paper proposes, after preprocessing of input as
still image and video frame, method that measure
parameters of camera and dynamic objects, and
method that construct mosaic image by object
extraction. Whole system structure is shown as Fig. 1.

Chapter 2 present about scene change detection of
input video. Chapter 3 explains about hierarchical
mosaic image construction method and Chapter 4
explains about static and dynamic mosaic image
construction. Chapter 5 experiment static and a
dynamic mosaic image construction and Chapter 6
conclude this paper and find about future work.
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Fig. 1 Whole system structure

I1. Scene Change Detection of Video

In this paper, scene change detection is based on
the framework of the twin-threshold method proposed
by Zhang[11] that is able to detect both abrupt and
gradual transition. To segment the video, suitable
metrics is defined, so that a shot boundary is declared
whenever that metric exceeds a given threshold. Gray
level histogram difference is used as the first metric in
our algorithm because histogram is less sensitive to
object motion than other metrics, shown in Equation
(1). The second metric is average intensity difference,
shown in Equation (2).
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Hi(j) indicates j-th bin of the gray level histogram
belonging to frame i. 256 bins are choose for gray
level histogram. Di denotes the histogram difference
between frame i and its preceding frame (i-1). Ali is
the average intensity value of the frame i, and AlDi is
the average intensity difference between frame i and
(i-D.

Ill. Hierarchical Image Mosaicing

Requirement that is gone ahead first in mosaic
image creation is that do all image to arrange
resemble images consecutively. This needs to match
overlapping area between two images to compare to
one part.

3.1 Mosaicing Flow

In mosaic system as Fig. 2, image in scene that
acquired by video camera and arranged image that
acquired by general camera are used for input. Image
that is acquired by general camera can be greatly
difference of each image. In this case, it is effective
that construct mosaic through similarity measure.

Fig. 2 shows flow for mosaic image

construction. After videos of real life that is
acquired from camera are input by continuous frame
as segmented scene and still images are

input automatically arranged image, then two frames
or images are compared For measure camera
movement between two images, least sum of square
difference and affine model is used. In this paper,
macro block setting, region splitting, and 4-split
detection method are proposed to extract and recognize
dynamic object. After extract and recognize dynamic
object, construct smooth mosaic image generally
applying trajectory description of dynamic object and
blurring method.
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Fig. 2 Mosaicing Flow

3.2 Tree-based Mosaicing

This paper proposes creation method of tree-based
mosaic image to get fast computing time of mosaic
image creation. Tree-based mosaic image creation is
not that adjacent images are created to consecutively
mosaic image. Image mosaicing creates one partial
mosaic image by comparison of only two of adjacent
images. Therefore all source images are created to
partial mosaic image. One general mosaic image is
created by creation of new partial mosaic image
repeatedly by such created partial mosaic image. If
source image is 16, 4 levels of partial mosaic exist.

N v Y

Fig. 3 Tree-based Mosaic Image

IV. Static and Dynamic Image Mosaic

4.1 Static Image Mosaicing

Method to extract dynamic object in static
background uses difference image technique, is that
calculate by using difference operation between
pixels of two images as Equation (3).

D(x, y)=|1,(x,y)—1,(x,y) | )

Here Ia is a base image and Ib is a reference
image. Also, need local detection to detect object
region. This paper does to detect object using 16x16
macro block, detect by performing local difference
operation as Equation (4).

LD(xy)=>"> LGy - I,(xy)| @

y=1 x=i

Local difference operation is that subtract reference
image Ib from base image Ia and calculates this as
size of 16x16 pixel. In this way, after detect object
region by performing local difference operation using
macro block, similarity of two images is measured by
using least sum of square difference, and measure
affine parameter using coordinate value three point or
more obtained by calculating camera movement, then
two images are matched for constructing static mosaic
image. Least sum of square difference and affine
parameter measure is described in detall in mosaic
construction using dynamic background and object in
next section.

4.2 Dynamic Image Mosaicing

There is difficult to detect movement of camera and
object between two images that have dynamic object.
Even if there is camera movement, if object is filling
image as a whole, it do not recognize camera motion.
Also, if big object moves when camera does not move,
it can not recognize this as camera motion.

This paper proposes following method to solve this
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ambiguity. Simple method that can think most usually
is that object is occupying middle of screen mainly
when camera takes an important object. So, similarity
is measured by based on macro block of outer region
except middle of base image in this method

Fig. 4 Macro Block of Base Image

Fig. 4 shows macro block of base image for
comparison. Each macro block selects macro block
by - non-linear as central outer region of cross
shape. Preferential assumption is that the size of
object does not occupy half of image. Algorithm
that detect dynamic object by setting macro block
is as Fig. 5.

(1) input two image(frame);
(2) similarity measure of macro block 1, 2, 3 and 4;
if(value of least sum of square difference

< threshold)
then {measure of motion vector;
goto (3%}
else goto (1)

(3) if(motion vector is similar to all four macro block)
then {camera parameter = motion vector;
goto {4)}
else {measure of motion vector by extending
to macro block 5, 6, 7 and &
goto (4):}
(4) measure of camera parameter through affine
transformation;
(5) local difference operation between two images

Fig. 5 Dynamic Object Detection Algorithm
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If result that get performing difference operation
using above algorithm is more than threshold, it is
considered that dynamic object exists. Next to, look
around each methods that is used in above algorithm

4.2.1 Least Sum of Square Difference

First, must extract correct camera parameter to look
for similarity between two image, this paper proposes
least sum of square difference about fixed window
block as Equation (5).

EQO)=)[L(X+b) - (X +b+d)]

beW

In equation (5), X refers to pixel position of x and
y, and b refers windows of a regular square of an
image. Value of lease sum of square difference is
calculated through block of all dks of reference image
Ij in place that is calculated by square of difference
value between reference image Ij and base image L.
At this time, minimum value among square difference
that is calculated is selected.

422 Affine Model

Camera parameter including rotation, scaling and
movement of image is measured by using affine model
based on the most similar pixel value that is detected
by using Equation (6).

G- (5) e

Three  nonlinear  points (%> Vs Xy V31 %3, V)

(XY X2, Y25%3,Y3)  of base image and reference
image are need to calculate affine model. That is,
there must be three linear equations as Equation (7).

x =ax+byt+e y =cx+dy+f 7)

Through making of three linear equations using
these three points, six parameters(a, b, ¢, d, e, f) of
affire model is calculated. After calculate six
parameter by calculating three equations through three
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points of base image and three points of reference
image, arrange pixels that correspond to all pixels of
reference image. In equation (7), a is a scaling
coefficient of x axis, b is a rotation coefficient of x
axis, ¢ is a movement coefficient of x axis, d is a
scaling coefficient of y axis, e is a rotation coefficient
of y axis, f is a moverment coefficient of y axis.

4.2.3 Local Difference Operation

By next time, must detect movement of object, local
detection must performed for this. Method to present
in this paper performs by comparison through
difference operation using motion vector and macro
block between two images with camera motion that is
calculated, as Equation (8).

E(O)=) [I(X+b)—I (X ~u(k)+b+d,)] @®

Here u(k) refers to distance of camera movement as
motion vectors of x axis and y axis, and error value
between two images is calculated by subtraction of it.
At this time, large movement is detected if give do
larger threshold that detect movement of object, and
small motion can be extracted if give as is small.

424 Region Splitting

Also, this paper proposes a region splitting method
through basic assumption for dynamic object detection.
In Fig. 6, if suppose that b and c region of two
images show similar region between two images,
following assumption is followed for detecting dynamic
object.

First, if some part of region a and some part of
region ¢ or d is corresponded, this region becomes
object.

Second, it some part of region b and d is
corresponded, this region becomes dynamic object.

Finally, conflicting region between region b and c
that corresponding between two images becomes
object.

////ﬁ
7 7
,/fld

Fig. 6 Region Splitting for Dynamic Object Detection

4.25 4-Split Detection

Dynamic object extraction is that extract only
dynamic object by detection of similar region that
existing dynamic object in two image If value of
difference image between two similar region is large,
there is assumption that dynamic object is existed
within two images. As shown in Fig. 7, region of 1
quadrant is calculated and compared. If value of
difference image is small, computation proceeds to 2
quadrants and so on continuously. Size of dynamic
object ignores object fewer than smallest 7x7 pixel
size, and when multiple dynamic object is detected, the
largest dynamic object between them is extracted
Detection process is performed up to last 8<8 block
and dynamic object region is created by sum of
blocks.

32 31

Fig. 7 4-Spiit Detection Method
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426 Dynamic
Blurring
Background image composition compose only
remainder background image after dynamic object
extraction. At this time, background part of other
remainder image is inserted on part of extracted
dynamic object. After create background mosaic image,
the description of dynamic object express object that
distance is more than 1.5 times of maximum width
and height size of the extracted object. Evaluation
function that present in this paper is as shown in
Equation (9).

Trajectory Description and

if (A > 15B) then describe dynamic object
where A=li(x2, y2)-li-1(x1, y1) (9
B=Length(Onmaxl (x1, x2), (y1, y2)])

In Equation (9), after calculating maximum
size(OMAX) of dynamic object, when dynamic
object moved to right, it is described if distance
difference((li(x2, y2) - L-1(x1, y1))) between left
region of present image and right region of
preceding image
maximum object size.

Blurring creates visually smoothing mosaic image
using the most general method that sum of whole
mask set to 1 using 3 x 3 mask on. the border part
where each image may integrated.

Such created mosaic image is stored to video
database in form of tree-based mosaic that
explained in section 32. That is, image that is
actually stored to video database is a complete
constructed mosaic image. All actuality each object
and backgrounds are stored being implied in this
mosaic image and partial description and omission

is more than 15 times of

according to method that express this are possible.
Also, it can use storage space more efficiently
because do not store each all images and can
search fast because partial searches for single
mosaic image are possible.

764

V. Experimental Result

To implement mosaic system that proposed in this
paper, image is acquired from HITACH Digital Zoom
camera. Input image is used after normalizing of 320 *
240 sizes and implementation is performed by using
Visual C++6.0 in Pentium~4 1.3GHz.

Fig. 8 display some of whole frame in 30 second
video that take interior of laboratory.

fes] os B8

Fig. 8 Frame Images

Fig. 9 display 6 image that is selected arbitrarily
among whole frame of Fig. 7 These are image that
is used in input to create mosaic image.

EREETR .o

Fig. 9 Selected Input Image

Fig. 10 is static mosaic image that is created
from 6 input images which appeared in Fig. 9. In
Fig. 10, we can know that image length from left
to right is prolonged fairy as it is panoramic
mosaic image that dynamic object does not exist.
Through this mosaic image, we can understand
easily contents of whole video.
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Table 1. Mosaic Image Construction Result

Input Video Mosaic Image
Reduction
Average Average
Frame Average Frame Average Ratio
Fig. 10 Static Mosaic Image Vi Vol
Number olume Nurmber oume
Experiment that construct dynamic mosaic image in €00 116G q7 20.81M 98.25%

video that dynamic object exists is as following. First,
Fig. 11 is window that extract key frame by proposed
scene change detection method for a video 30 second Constructed mosaic image reduces storage space of
long that dynamic object exists in it. 08.25% than input video's volume. That is, it does so
that can understand whole video's contents by one
image of very small volume.

In this paper, unique and notable characteristics of
research and experiment that compare with existing
mosaic system can be summarized as Table 2.

Table 2. System Compare and Evaluation

; = : 3 i e 20
L ovenl pay] stoe]  ferimee T Graytasmren )
ey Fiame ) .. proposed
ﬂmﬂﬂ . wl item existing system
e j system
- construction consecutive
tree-based
base frame-based
Fig. 11 Scene Change Detection L static or both static and
utilizing type . .
! ) ) ) ) dynamic dynamic
Fig. 12 is dynamic mosaic image that describing 3
. C e computation ) —
dynamic object. When dynamic object is moved more whole image | partial image
area
than &0 pixels by an experiment, dynamic object is
. .. . both camera
appeared in mosaic image. mainly camera | . .
parameter and object
parameter
parameter
trajectory . clear and
.. ambiguous .
description flexible
mosaic image
no-soft soft
border
Fig. 12 Dynamic Mosaic Image Vi. Conclusion

Result that construct mosaic image for 5 videos 30
seconds long that captured in campus is as Table 1.

This paper proposed way to construct tree-based
hierarchical image mosaicing using camera and object
parameter for efficient video database construction.
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Camera parameter measured by utilizing least sum of
square difference and affine model, and difference
image is used for similarity measure of two input
images. Also, dynamic objects are detected by through
macro block setting and extracted by using region
splitting and 4-split detection methods. And soft
mosaic image is constructed through blurring after
used dynamic trajectory evaluation function for
expression of dynamic object. This tree-based mosaic
system presented foundation that can reduce time and
storage space to construct video database.

In future, consecutive research about more efficient
scene change detection, object detection and image
reappearance is needed for creating enhanced mosaic
image.
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