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Abstract

We improved a visualization system for a
plaver’s segquential forms called "Multi-Motion’
NHK live
broadcasting. It is to extract only the player’s

which has ever been used in

forms from background, and overlap them
fast
performance for a vault game of gymnastics.

into  one frame sequentially after

It helps TV viewers understand the player’s
We
performance of Muiti-Motion by shortening

performing forms easily. increased the
the distance betiveen the current frame and
the reference frame, and the synthesis of the
reference frame.

I. Introduction

For sports broadcasting, the
scenes are replayed slowly to show TV

viewers a player's sequential forms while the

interesting

sports scenes are lively broadcasted. If a

plaver’s sequential forms are displayed
together in one background scene after the
player has performed with fast speed, it will
be helpful for TV viewers to understand the
plaver's performing For example,
NHK has ever used ‘Multi-Motion’ system[1]

for broadcasting of

forms.

gymnastic sports game,
which shows a player’s all performing forms
sequentially in one background scene from
starting to final position after extracting only
the player at the sequential frames.
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There have been several studies in the
extraction of moving objects from the static
scene[2-4]. However, in order to extract a
moving object from the background
including undesired moving objects such as
audiences, needed. In

new algorithm is

Multi-Motion system, the motion compen-

sation 1s used to remove the undesired

moving object. It uses the principle that
audiences moves slowly while the player
moves very fast. In order to extract only the
player exactly, the player at the reference
frame and the player at the current frame
should not be overlapped in the same spatial
position, So we should select the reference

frame which has no plaver in the same

position as the player's position in the
current  frame. Therefore the distance
between two frames should be long. It

deteriorates the performance of the motion
compensation which is used in the algorithm
of Multi-Motion system.

It is hopeful that the distance between the
reference frame and the current frame is as
short as possible, and the players in two
frames are not overlapped with each other.

we propose a method to shorten and fix
the distance between the current frame and
the reference frame, removing the player in
the reference frame not to be overlapped
with the player in the current frame. We can
remove the player in the reference frame
through the synthesis of the reference frame.

we will explain the proposed algorithm and
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systemn environments i section i, and L
And experimental results will be described in

section IV, and conclusion will be given.

I Proposed Algorithm

The procedure for the realization of the
proposed algorithm is briefly depicted below.

(1) Decision of an initial processing window
© Te reduce the processing time, we process
inside  the limited processing area which
includes the player, rather than the total areca
of the frame.

(2} Detection of a starting frame © It is not
necessary to process frames where no plaver
exists. So we detect a starting frame where
a player appears for the first time.

(3) Extraction of the player at the starting
frame, (4) Synthesis of the reference frame,
and (5) Extraction of the plaver at the
subsequent frames
the reference {rame has no player, but the
players exist at the

At the starting frame,

subsequent reference
frames. So they are synthesized to remove
the player in order not to be overlapped with
the player at the current frame.

Figure 1 shows the overall block diagram
which realizes the extraction of a player's
performing forms from the sequential frames.
Following the steps from (1) to (5), we will
explain the proposed algorithm.
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Figure 1. Overall block diagram for the
realization of the proposed algorithm.

1. Decision of an initial processing window

First, we set a processing window to
process the proposed algorithm. If we do not
limit the processing area, we should process
the algorithm in all area of the corresponding
frame. It results in a great amount of time
consumption. As shown in Figure 2, we
and B

mode, because a player's moving direction

select one among two windows, A

might be changed according to a camera
position. The position and size of the window
are changed according to the
helpful

mside the

plaver's
movement. It 1s that no moving

object exists initial processing

window to detect the starting frame.
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Figure 2. The selection of a inidal

according to the
player’s moving direction.

processing  window

2. Detection of a starting frame

In order to extract a plaver, we should
detect the starting frame which will be the
first processing frame. It is not necessary to
start the
player starts to appear within the frame,

processing for frames before a
because the processing for the frames that
has no player results in time consumption
only.

In advance, the difference image 1is
obtained between the current frame and the
first previous frame, and binarized. In Eq.
(1), We pixels

corresponding to the binarized objects. If the

count the number of
number of non-zerc pixels becomes larger
than an arbitrary value, it means that the
plaver appears inside the processing window.
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Otherwise, only noise components  are

the
background. If we detect the starting frame

detected because of movement  of

SF,, we set the first previous frame SF, .,
RE.. the
indicates bhackground which

as a reference frame Therefore
reference  frame
has no player, and is the nearest to the
frame in which the player starts to appear.
Eq.(1) is the decision equation whether the

player exists or not.

Dn > Smin n.-_—_—o’l’;)“_ . (l)
where D, is the number of non-zero
binarized pixels, and Swisn is an arbitrary

threshold value.

3. Extraction of the player at the starting
frame
The frame SF.5 15 the

frame RKF, as explained in Section 2, and

SFn We

obtain the difference this

first current

first reference
becomes the current frame CF..
image between
and the
At the first current frame, a

reference frame KRFh.
frame CF,.
plaver starts to appear inside the processing
window. The difference images are binarized.
If some pixel belongs to the moving objects,
it will be '1’. Otherwise, it will be '0’. The
player exists among the pixels of which
binary wvalues are "1, In order to extract
only the player, labeling processing is applied
to those moving objects. Resultantly, only the
pixels corresponding to the player might be
left with its value being ‘1’ while the other

part will be ‘0"

4 Synthesis of the reference frame

The
processing window at the reference frame.

plaver should not exist inside the
Otherwise, extracted playver at current frame
would be overlapped with the player at the
the

we select the reference frame so

reference  frame. At conventionat
method{ 1},
that the distance between the reference frame

and the current frame 1s long enough for the

plaver at the reference frame not to be
overlapped with the player at the current
frame. However, many wuseless moving
objects might occur. Resultantly we cannot
extract the exact player's form at the current
frame. We propose an algorithm to remove
the player at the reference frame, while
making the distance between the reference
short.

Figure 3 shows the block diagram which

frame and the current frame

realizes the proposed algorithm.

m “

Figure 3. Synthesis of the reference frame.
(1) Current frame, (2) Reference frame, (3)

Binarized image, (40 The background
frame at which the player has been
excluded from (1), (5) The background

frame at which the player’'s block in (3) is
extracted from (2}, (6) The synthesized
frame by the frames in (4) and (5}

Assuming that we start processing from
the starting frame SF, becomes the curent
frame CFa((1) in Fig. 3), and the first
previous frame SF,; becomes the
frame [F.((2}) in Fig. 3).
form which has been

first
The
extracted

reference
plaver's
binarization  and
labelling are obtained({3) in Fig. 3).

Before extracting a player at the next frame

through  differentiation,

CF,:;. we should synthesize the reference frame
RFy.; instead of using the current frame CF,,
for the reason explained above.

Refering (3) in Figure 3, we remove the
area from CF,((1) in Fig.3) where the player
exists ((4) in Fig.3), and take the area at
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RE.((2) in Fig.3! which corresponds to the
place where the plaver exists at CF, ((53) in
Fig.3). And then
combined into one frame ((6) in Fig.3). This

these two frames are

frame becomes the reference frame RF,.,,
which will be used for the extraction of the
player at the next frame, This frame is
smoothed to remove the artifacts resulted

from the combination. Using the current
frame CF,.;, and the reference frame RF...,
The plaver will be extracted as explained in
the next section.
5. Extraction of the the

subsequent frames

Using the reference frame, RFuya(k>1), and
the current frame, CFh.(k=1), we derive the
difference image which is considered to be the
moving objects. Here the reference frame RF;.
is derived by the method explained in Section 4.

If the luminance component is only used

player at

for getting difference image, we cannot often
when the
luminance values between the current frame

recognize the moving pixels

and the reference frame are similar even
though
might cause the distortion of extraction, such

the color values are different. It
as holes. R, G, and B components are used
to reduce the distortion effectively. Firstly we
synthesize which
correspond to R, G, and B, respectively, and

three reference frames

derive a binarized difference image by Eq.
(2) and Eq. (3).
DR, (x,y)= | CFR,(x, v} — RFR,(x,y) |

DG (x,y)= | CFG,(x, ) — RFG,(x, ) | (2)

DB,(x,y)= | CFB,(x,y)— RFB,,(x, %) |

Where DRm(DGm, DBm) 1S the
image of R(G, B) component at the m"

difference

frame, and CFR.(CFG., CFB, and
RFRw(RFG,y, RFBm) mean the current frame
and the reference frame of R(G, B)
component, repectively.
I, DR x,v) = T o
mien = | BN T

0, otherwise

where T is the arbitrary threshold value for
binarization.
Figure 4 shows a procedure for the
extraction of the player by the proposed

method,

current
mxge

Figure 4. The procedure for the extraction of
a player by the proposed method.

. System Environments

The system consists of a real-time hard
disk system (HDS), a workstation, A/D &
D/A converter, a monitor and a camera as
shown in Figure 5.
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Figure 5. System environments

The HDS transfers video data with the
transfer rate of nearly 40MB/sec - more than
enough for uncompressed video storage and
retrieval at 30 frames/sec. The workstation,
has a [/O
'Impact Video Board’, which can input and

'IndigoZ2-impact’, video board,
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output image data with real-time speed.
The frame signals from the camera arc
AD

converter. And input frames are stored into

inputed to the workstation through
the memory of the workstation. Using the

image data stored into the memory, wc
extract a player's forms at sequential [rames,
real-time HDS. The

are outputed from the workstation

store  the results  into
result
through a D/A converter, and displayed for

broadcasting.

IV. Experimental Results

The frame sequences are stored into the
memory of the workstation {(Indige Impact?)
through the
Video Board) from the input sourcelcamera).
Instead of

real-time video board(Impact

storing and processing every
frame, we store and process images into the
memory every third frame, because it looks
adequate and good to display a player’'s
sequential forms with the interval of every
three frame in the case of a 'vault game' as
shown in Figure 9. We set the size of the
nitial processing window with 250H x 150V{field
size ¢ T20HX243V), and value of Spm in Eq.(l)
with 900. In Eq.(3), T is set to be 10.

Figure 6(b} shows the results obtained by

the conventional method[1] after setting the

distance by 3 frames between the current
frame and the reference frame. The
overlapping of the plavers at the current

frame and the reference frame vesults in the
mcorrect  extraction of the player by
Figure 6(b). To

avold the overlapping. the distance between

overlapping as shown in
the reference frame and the current frame is
set with 9 frames, for example. We can find
noise even though the overlapping of the
at the and the
current frame disappears as shown in Figure
6{(c). the
obtained the results as shown in Figure 6(d),

players reference frame

Using proposed algorithm, we
where not only the noise was reduced, but
also the overlapping disappeard. Figure 7 and

Figure 8 are the results obtained by the
proposed algorithm. Figure 9 and Figuwre 10
show the final results for a male and a female,
respectively, where the extracted players are

displayed sequentially in one frame scene.

(b}

(d)

Figure 6. The comparison of the performance
by the conventional and the proposed method.
(FI : frame interval) (a) Original image (b)
Conventional method(F1. : 3). The overlapping
noise is seen. (¢) Conventional method (F.I. :
9). The overlapping noise is not seen, but the
noise of moving objects increases {d) Proposed
method (F.I : 3}. The overlapping noise is not
seen, and the noise of moving objects
decreases.

(c) (d)

Figure 7. The results by the
method. (a) The current frame (b) The
synthesized reference frame (¢} Binarized
image which is combined by three binary
images of R, G, and B components (d) Final
binarized 1mage obtained by labelling (c).

proposed

—123 —



(c) (d)
Figure 8 The results by the proposed
method. (a) The current frame (b) The
synthesized reference frame (c¢) Binarized
image which is combined by three binary
images of R, G, and B components (d) Final
binarized image obtained by labelling (c).

Figure 9. A male player's form
displaved sequentially in one scene.

Figure 10. A female player's form
displaved sequentially in one scene.

V. Conclusion

b this paper. we proposed  the algorithm
that  accomplishes  the  improvement  of
visualization  svstern which  can display o
plaver’s sequental forms nto one frame. In
order to do 1t we propose the methed how
we  shorten  the  distance  between  the
reference frame and the current frame., and
synthesize the reference frame. We also
reduced the processing time by using the
memory in the workstation directly while
processing.

Our further works include the application
to another sports game, automatic adjustment

of parameters, and so on.
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