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Abstract

Stereographic pictures are in the public limelight because of the recent innovative improvement of PCs. With high performance
computing, image processing is no longer a hard task. Nowadays, stereographic movies come under the spotlight. The current PCs
are so powerful that real-time creation of movie is possible. Meanwhile recent broadband networks enable the streaming of various
contents. Especially, live streaming movies are used in various fields. In this paper, we propose real-time 3D movie generation
by anaglyph for live streaming. Using two USB cameras, each captured image is filtered to composite stereographic image in
real-time, and resultant 3D movie is immediately delivered by live streaming. Some experimental results validate that our system is
enough practical.
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1 Introduction movies by binocular disparity. Live-streaming is cho-
sen for real-time delivery. By using this model, not only
By recent broadbandization, streaming movies are wi- raw movies but also CG movies can be used.
dely used in video sharing websites such as YouTube. In In section 2, we describe several stereographic movie
addition, real-time information delivery systems, for ex- generation techniques. In section 3, we illustrate the
ample, live broadcast, monitoring, virtual meeting, traf- processes of real-time anaglyph movie generation and
fic information and investigation at the scene, are very its algorithm. In addition to, we explain a lives stream-
popular. Such real-time delivery movies are usually in ing delivery process. To validate the proposed system
the form of 2D. At the same time, 3D movies are widely and algorithms, we show experimental results in section
used at various amusement facilities. We believe that 4.

real-time delivery of 3D movies will produce other ef-

fects to conventional real-time movie delivery systems.

In this paper, we propose an anaglyph based 3D movie 2 Anaglyph Movie

generation method in real-time so that it can be deliv-

ered concurrently. Anaglyph is the cheapest among 3D

movie generation methods and easy to watch the 3D Streography is be able to realize by using Anaglyph.
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Figure 1: anaglyph filtering

Anaglyph is known as the two color (typically red and
blue) glasses method for stereographic images. 3D im-
ages are generated by the two color filters to obtain
binocular disparity. Stereographic movie is also gener-
ated with the anaglyph method where each frame of the
movie is an anaglyph image. The principle of anaglyph
is quite simple. Using two images for left and right
eyes, an anaglyph image is encoded. To decode the
anaglyph image into left and right images, the two color
glasses are used as filters. The two color glasses use to
be filters for removing red and blue color to generate
a monochrome image. Recently, the two color glasses
consist of red and cyan (blue and green). The red-cyan
glasses can generate anaglyph images with three prim-
itive colors. In practice, the right eye image is filtered
to remove blue and green, while the left eye image is
filtered to remove red. Fig. 1 shows the filtering image
by cyan-pass and red-pass filters.

The anaglyph method has several advantages. First,
it is the most inexpensive method for stereographic movie.
The two color glasses are very cheap and any special
devices are not needed. In addition, movie can be pro-
jected to most screens. Meanwhile, anaglyph images
have restriction about color information because of the
color filters [1].In addtion to,existing anaglyph gener-
ated softawres are not able to process in real-time. In
this paper, we select the anaglyph method since we need
cheaper deliver live streaming.

3 Real-time Anaglyph Filter

In this section, we propose a real-time anaglyph fil-
tering method.

We implement real-time anaglyph filtering by C++
on a PC with Windows XP. As the development envi-
ronment, we use the following libraries.

e OpenCV v1.0(Intel Open Source Computer Vi-
sion Library)[2]

e DirectShow
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Figure 2: Program Flow

o Microsoft DirectX SDK(June2006)+ DirectX 9.0[3]
e EWCLIB 1.5 (Easy Web Camera LIBrary)[4]

Figure 2 shows the program flow for our implemen-
tation of anaglyph filtering by using OpenCV and Di-
rectShow. White and gray boxes are processes with
DirectShow and OpenCV, respectively. DirectShow is
used to capture images from two (left and right) web-
cameras. OpenCV is used to generate and display the
resultant anaglyph movie.

Initialization of two USB cameras and allocation of
buffer space are performed with DirectShow. Using
OpenCV, allocation of image areas and creation of a
window are performed with cvCreatelmage and cvNamed-
Window, respectively. Then, images are captured from
two USB cameras, and their bitmap information is stored



into the buffer by a DirectShow function.

out.anaglyphR = leftimgR
out_anaglyphG = right.imgG
out_anaglyphB = right_imgB

where left_img, right_.img, and out_anaglyph represent
left source, right source, and output image, respectively.
RGB represents red, green and blue channels. The ex-
pression is applied to each input pixel. The program
is terminated with deallocating the USB cameras and
buffer memory when Esc-key is pressed. EWCLIB is
used as a library for DirectShow.

Streaming delivery is a method to transform media
data by packet.In this paper, we adopt the streaming de-
livery for real-time anaglyph movie distribution. For
anglyph movie streaming delivery, we use the follow-
ing tools.

e ManyCam

o Adobe Flash Media Server2

o Adobe Flash Player

o Adobe Flash CS3 Professional

ManyCam [5] is a multifunctional free software tool
for streaming delivery using web cameras. It provides a
virtual camera, which is used as a window for the output
anaglyph movie, so that the snapshot of the desktop or
the window is delivered in real time.

Flash Media Server2 (FMS) [6] is adopted to con-
struct a scalable streaming server which distributes on-
demand or real-time audio and video contents to clients.
In this paper, we adopt the free developer version of
FMS of which bandwidth is no limitation and the max-
imum number of concurrent connections is ten.

Flash player is widely used without any special plug-
in and the percentage of PCs with Flash player is more
than 90% in the world. Since our streaming delivery
is based on the SWF form, Flash player is suitable for
most platforms. We make use of Flash CS3 [7] to gen-
erate flash contents for servers and clients.

Figure 3 describes the following procedure of live
streaming delivery.

1. anaglyph filtering to each image captured from
two USB cameras in real-time.

2. Select a sequence of images by ManyCam as vir-
tual camera, and send the virtual camera output
to Flash CS3.

3. CS3 sends anaglyph images to FMS

4. CS3 generate SWF to be sent to client.

Figure 4: Experiment

5. The client executes the SWF to request the stream-
ing, and FMS send the stream movie with RTMP.

6. Flash Player displays the stream movie.

Figure 4 demonstrates the real-time anaglyph live
streaming. The front PC is the server, and the back PC
is a client PC. The front PC has two USB cameras.

4 Experiment

In this section, we perform some experiments to mea-
sure the time for anaglyph movie generation for live
streaming. Additionally, we show experimental envi-
ronment and experiment results.The server PC has a
processor of Pentium Dual-Core with 1.6GHz and 1GB
memory. The USB camera, CMS-V20SETSYV, provides
the resolution of 640 by 480 pixels, and the maximum
frame rate of the USB cameras is 30fps. We use a typi-
cal PC as a client. The server and the client is connected
by 100Base-T Ethernet.

We measure the anaglyph movie generation time of
100 frames from each camera. Table 1 shows the aver-
age time of capturing, compositing and displaying two
(left and right) images. The sum of the three stage pro-
cessing times is 22.1ms per resultant anaglyph frame,
which is equivalent to the frame rate of 45.2fps. In this
experiment, the maximum frame rate of USB cameras
is 30fps, which is almost equivalent to the frame rate
of NTSC. Therefore, we confirm that anaglyph movie
generation is achieved in real-time.

The generated real-time anaglyph movie is immedi-
ately taken by ManyCam to use a virtual camera. The
output of the virtual camera is fed to FMS to perform
the live streaming. The server PC is connected to a
client PC by typical 100Base-T Ethernet, not a gigabit
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Figure 3: Anaglyph Live Streaming Architecture
Table 1: Anaglyph Movie Generation Time
DirectShowiOpenCV
capture composition dico!
) BRG R isplay
teft | right | ¢ijter | filter
Processing time 2.89 2,90 | 9.87 | 556 | 0.9 33.37
[ms]
Frame rate
[fps] 45.21 29.97
network. During the live streaming delivery, we mea- References

sure the usage rate of the network. It shows the network
usage rate for 30 seconds during the live streaming de-
livery and the average rate is 0.19%, namely the bit rate
is 190Kbps. The bit rate is quite low because the tar-
get does not move so much. Although the bit rate is
completely up to the target movement, the experiment
indicates that the live streaming delivery of real-time
anaglyph movie is fully possible.

5 Conclusions

In this paper, we proposed a real-time 3D movie gen-
eration method by anaglyph and its live streaming ar-
chitecture. We used OpenCV and DirectShow to im-
plement the real-time anaglyph movie generation with
USB cameras. We also use ManyCam, Flash CS3, and
FMS to construct a live streaming server.

We performed experiments to validate our real-time
anaglyph movie live streaming. It takes 22.1ms to gen-
erate a frame of anaglyph movie, and the live streaming
required a quite small bit rate of 190Kbps. Considering
the low bit rate of live streaming, our real-time anaglyph
movie live streaming is very practical.
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In future work, we plan to extend our real-time anaglyph

movie live streaming to a user-controllable system.






