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abstract
In the case of projection type display, it needs to use the screen in order to project the image clearly and wide
viewing angle. We have been developing the step in type display system using the smoke screen.  However,
the image with smoke screen was flickered by gravity and air flow. Then we considered to reduce the flicker of
the image and we found that flicker can be reduced and viewing angle becomes more large.

This time we report the large viewing angle step in type display system using screen made up with very
small particle size smoke and flow controlled nozzle. Hence, at first we considered the most suitable particle
for the screen and then the shape of screen and then we constructed the array of flow controlled smoke screen.
By the results of experiment we could get considerably high contrast flicker-less image and get the viewing
angle more than 60° by this flow controlled nozzle attached new type smoke screen and make clear the
efficiency of this method.

Keywords: flow controlled smoke screen, step in type display, large viewing angle, high contrast flicker-less
image

1. Introduction

In this paper at first we show the special feature of this projection type display system using mist 3-D screen.
Then we consider to reduce the flicker of the reconstructed image and we mention that flicker will be reduced
using mist flow controlled nozzle. .For design the smoke flow controlled nozzle at first we analyze the most
suitable type of nozzle for flow control by the flow dynamics theory.. Then we consider an array of flow
controlled nozzle to enlarge the thickness of smoke screen. Finally we construct the most suitable smoke
screen with an array of flow controlled nozzle and display the moving image on this smoke screen and make
clear the efficiency of smoke screen to reduce flicker of the reconstructed image and make the. viewing area so
large.

2. smoke screen with controlled nozzle

This method had a basic problem that the images composed of water particle are easily influenced by
air current and gravity (Fig.1 (a)) [2, 4]. Then, we developed single screen with flow control device shownin
Fig.1 (b). It became possible to observe less distorted image with this device. In addition, to expand the
depth of a screen, the screen was improved to be arrayed as shown in Fig.1(c). This arrangement increased
the thickness of the screen from 0.9[cm] to 4.9[cm)]. At this point, we set the width of  nozzle of the flow
control device is 3.0[cm]. Aswell asit can control the flow by arraying these devices, it's aso possible to
change the size of the screen arbitrary by altering the shape of mouth and the number of devices.
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Fig.1 The stabilization of flow

3. Experimental results

3.1 Characteristics of smoke screen
We set an array screen and recorded with DV camera to examine how much the distortion was diminished,
and the result was quantified. A scale was used to see a change in size of distortion. Spraying smoke in the
air for ten seconds, a change in Ww (thickness of the screen) was measured every seconds at 5[cm] away
from the nozzle. A minimum value was referred as Wm where thickness of the screen was minimized, and a
value subtracted the minimum value from each measurements was referred as W (size of distortion) and
quantified (Fig.2). We took binary process to measure W numerically.
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(c)The measurement flicker thickness.

Fig.2 The example of measurement of flicker thickness
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The result of the distortion is shown in Fig.3. It is obvious from this figure that the smoke screen without flow
control deviceis more influenced by air current or gravity and causes more distortion. On the other hand, by
this experiment using flow control device, we improved the distortion and the volume screen was less
influenced from air current or gravity. An array screen had larger distortion compared to a volume screen
because screen of each array were influenced by another array’s flow. But maximum size of distortion was
within 1{cm].
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Fig.3 Thickness of screen with respect to time.

(8)Existent screen (b) Volume screen
with no flow control with flow control
(c-1)Front view of array screen (c-2) Side view of array screen

Fig. Flow images of 3D screen
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Fig.4 (a8) Fig.4(c) show theflow of (a)Existent screen with no flow control  (b) Volume screen with
flow control (c-1)Front view of array screen (c-2) Side view of array screen. In the case of array screen the
thickness of the screen becomes about five times comparing to the volume types screen.

Asaresult of this study, an array screen with flow control is assumed to be effective to form smoke
particle screen which has enough thickness and | ess distortion.

3.2 Image reconstruction
Thetotal size of 3D screenisshown in Fig.9, there the size of the screen is 20(H)x 30(L)x 4.9(D) cm
The CG color moving image displayed on this array screen shown in Fig.5(a) The image shows considerablely
high contrast. Also we can get step-in image as shown in Fig.5(b).

(a) displayied CG color image (b) displayed step in image

Fig.5 Projected Image on the smoke screen

4. Conclusion

We demonstrated the technique to improve the flicker of image on the screen and the size of the image
with the array screen.. This study enabled us to generate better images than those which are projected by a
volume screen. As a challenge hereafter, we should examine to improve the screen's quality furthermore and
research for high contrast color image .
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