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[Abstract]: Double-bit gray-level image generator

In this study, a novel image generator utilized in a projecting system has
been proposed; it can double the bits of gray-level for image display and enhance
the efficiency of illumination of lamp in the optical path. With this system, a
4-bit display panel can achieve an 8-bit image display. Two display panels
with same gray-level bits is adopted, images on them will be processed, and then
go through different path with a proper intensity ratio. The gray level
distribution of image displayed which the two images combined afterward, will
be the square of that of original one. The results of simulations and
experiments have approved to meet the requirements. No matter transmitting
or reflective types can be applied to current projecting systems with single LCD
panel. It is expected that a halftone-gray-level pattern will be suitable for this
system to form an infrared scene projector, and to act as an image generator with
high dynamic range and resolution for static simulation of infrared imaging
seeker.
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1. Motivation

For an image projecting system, it is very important to display an image with high color
depth, high resolution and high efficiency of illumination of lamp. Many types of micro
display panels can be employed in the system, such as liquid crystal display (LCD), digital
mirror device (DMD), and liquid crystal on silicon (LCoS) [1,2]. However, it is difficult for
a cost-effective projection system to meet the requirements simultaneously, because of
the functional limitations of the micro display panels. Is there any appropriate method
from system viewpoints to overcome these problems?

Compared with a large panel display, a projection system is versatile to improve its
performance regarding the gray levels of image displayed, from the wide choices of micro
panels and projecting mechanisms. Furthermore, for enhancing the efficiency of
illumination of lamp and reducing cost, the projection system utilizing minimum quantities
of micro panel with on-axis optics seems to be the best design. These ideas prompted
this research project.

2. Objective

The main purposes of this research are as follows:

1. Design an image projecting system with a capability to double the gray-level bits of
image displayed. For example, using two 4-bit micro display panels can achieve an
8-bit image display.

2. The system can not only simplify the electronic circuitry of the micro panel in gray-level
enhancement for increasing the color depth, but also improve the efficiency of
illumination of lamp.

3. Apply this system to any scene projector which requires generating images with high
dynamic range of radiant intensity. For example, it can be utilized in an infrared scene
projector for static or dynamic simulations of an infrared imaging seeker.

3. Basic principle

A new image produced from the overlap of two images with the same gray levels, but
different brightness, should contain more gray levels than those of the two individual
images. The gray-level bits of the new image could be increased, if the brightness ratio
is properly adjusted according to the gray levels of the two images. Fig. 1 shows that an
example of double-bit gray levels how to be built when the overlap occurs. There are two
4x4 images with 2-bit gray levels, C; and Fj, respectively. One has a higher brightness,
called as the coarse-tune image, while the other has a lower brightness, called as the
fine-tune image. If the brightness ratio between them is exactly equal to four, then an
overlap image with 4-bit gray levels O; can be obtained, i.e. the gray-level bits of the new
image has been doubled. The right side in Fig. 1 shows that the coarse-tune and
fine-tune images have assigned with the same spiral tone but different types of gray-level
variation. Obviously, the overlap image will be constructed as a spiral tone with an
ascent type.
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Fig. 1 An example of gray-level bit-doubling. Two gray-level bits can form 4
steps of Cj =0-3), similarly, 4 steps of Fj=0.3). If the brightness (step height) ratio
between C; and Fj is 4 to 1, then 16 steps of Ojj (=0-3;j=0-3) can be obtained when
the overlap occurs.

We can extend this concept to construct images with more gray-level bits. On the
contrary, any image can be split into two images with less gray-level bits; we will develop
an algorithm to process images and apply it to design a double-bit gray-level (DBGL)
image projecting system in the following.

For a two-dimensional image G, with n-bit gray levels 2", the gray level of pixel at
coordinate (x,y) can be expressed as go(x,y). We can split it into the coarse-tune and the
fine-tune images, G, and Gy, with gray-level bits m = n/2. If the two images display on
two panels with an illumination ratio, 2™: 1, and overlap mutually by using a beam splitter,
then the gray levels of the overlap image will be recovered to the original one, 2" x 2™ =
2™M = 22M= 2" The gray level of pixel at (x,y) in the G; and G; images, g¢(x,y) and
gi(x,y), obtained from processing the original image G,, are expressed by

ge(X.Y) = Go(X,y)/2" (1)
g(x,y) = MODIgo(x.y), 2"]. (2)

This approach should be also suitable for a projection system using two more display
panels. Inducing from the equations (1) and (2), a general formula can be derived for
splitting the original image into two more images, is given by equation (3):

gk(x,y) = MODI[go(x,y), 2°Pt] 7 20 (3)
B=oals, (4)

where gk(x,y) is the gray level for pixel at (x,y) on the bit-sliced image k (k=1,2,...,s), ais
the gray-level bits of the original image and must be divisible by s, the total number of the
bit-sliced images, to get the gray-level bits B for each bit-sliced image. The brightness
ratio between the original image and the bit-sliced image k is set to 20Pk: 1,
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4. Simulations and Experiments

For evaluating the feasibility of the DBGL approach, the simulation architecture
including a computer programming and an equivalent DBGL image projecting system has
been developed. Fig. 2a shows the program flow chart. There are two groups of
original images, test and demo, which can be chosen for bit-slicing according to equations
(1) and (2). Before sent to a projector, each bit-sliced image must be processed with two
procedures, gray-level extension and gamma correction, owing to a nonlinear effect of the
projector. The two bit-sliced images, coarse-tune and fine-tune, are loaded from different
PCs as shown in Fig. 2b. They are adjusted with a proper brightness ratio; arranged to go
different optical paths, combined with a beam splitter, and then projected onto a screen.

L4
choose image: pcrglaerg?: o
1 test (4, 6, 8 bits) ( une)
2. demo (2, 4, 8 bits) PR screen
v - PC
bit-slicing : Eq. (1), (2) = (coarse-tune)
g TR . projector
gray-level extension beam splitter (fine-tune) N
e M . lux meter
gamma correction
image output: /i uusu...t ine-tune) (b)
1. coarse-tune
2. fine-tune
v Fig. 2 Simulation architecture for developing the
end (@) DBGL image projecting system: a) the program flow

chart for generating the bit-sliced images; b) the
experimental setup to evaluate the overlap results.



5. Results
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Fig. 3  Computing results of bit-slicing the original test images with various
gray-level bits: a) 4; b) 6; c) 8.
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Fig. 4 Computing results of bit-slicing the original demo images with various
gray-level bits: a) 2; b) 4; c) 8.
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Fig. 5 Experimental results of overlapping the bit-sliced test images with
various gray-level bits: a) 2; b) 3; c) 4.
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Fig. 6 Experimental results of overlapping the bit-sliced demo images with
various gray-level bits: a) 1; b) 2; c) 4.
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Fig. 7 Experimental results: a) gamma value measurement of the projector used
in the research; b) plots of normalized brightness versus gray levels (3 bits) of
coarse-tune, fine-tune, and overlap after gamma correction.



6. Discussion

1. The results in Fig. 3 and 4 show that the differences between coarse-tune and fine-tune
images are relational with the gray level bits of the original image. The more bits, the
more complicated fine-tune image, and the more differences are obtained. Each
fine-tune image contributes a fine structure to smooth the roughness in the corresponding
coarse-tune images. For the demo images, the smooth features are more evident.

2. The brightness ratio controlled between coarse-tune and fine-tune images in Fig. 5 and
6 can easily be done by using the graphic tools of any software package built in the PC.
Certainly, it must be calibrated by a lux meter to meet the requirements for images with
various gray-level bits.

3. The resolvable brightness levels of the overlap images are strongly dependent on the
uniformity of the illumination on the display panel. Besides, the projector used in this
study holds a gamma value about 2.4 as shown in Fig. 7a which will distort the linear
relationship between brightness and gray levels. The value has been taken into account
to correct the gray levels in the original images. Fig. 7b shows that the overlap results of
the test images with 3-bit gray levels. Satisfying linearity of curve proves that the
double-bit effect has been achieved.

4. A DBGL image projecting system combining two reflective type panels with on-axis
optics can be proposed as shown in Fig.8. Digital video signals from the image grabber
are feed into bit-slicing module and split into two parts for the coarse-tune and fine-tune
panels, respectively. The illumination from a parabolic surface lamp is filtered through a
UV-IR cutter and uniformed by using a pair of fly-eye lenses. It must be condensed by
using two condensing lenses, and split by a beam splitter before reach two panels. The
illumination reflected from the fine-tune panel is attenuated to lower brightness and
combined with that of the coarse-tune panel by the beam splitter, and projected onto a
screen. For color images display, a color switch or color wheel should be installed in
front of the beam splitter for color sequential control. However, more components such
as polarizer and polarizing beam splitter are needed for image contrast enhancement.

it-slici image vid
bit-slicing |« grabber <« input
coarse-tune
panel .
YTy YYY /color switch UV-IR cutter
| ( ()
fine-tune am | &
panel splitter '
rn— e . X oA R oy
attenuator > condensing  fly-eye parabolic surface
o lens lens lamp

projecting lens

L — — - 1

Fig. 8 Proposed DBGL image projecting system.
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5. The two display panels used in the DBGL system can be reflective or transmissive type.
The reflective system can achieve illumination efficiency as high as 2.5 times (from 25%
improved to 62.5%) for 2-bit overlap images. The efficiency in this type is proportional
to the gray-level bits inversely. On the contrary, it is proportional to the gray-level bits
for the transmissive type.

6. Using halftone patterns to form various gray levels had been adopted in infrared scene
projectors [3], however, there is a trade-off between gray levels and image resolution.
The more gray-level bits, the less resolution can be obtained as shown in Fig.9. The
DBGL approach could be the exact solution for current infrared projectors to overcome the
dilemma and to enhance the dynamic range higher than 16 bits.

original synthetic infrared image
gray levels = 256
resolution = 320x240

halftone infrared image
gray levels = 4
resolution = 160x120

halftone infrared image
gray levels = 64
resolution = 40x30

Fig. 9 Infrared image generation with halftone pattern gray levels.
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7. Conclusion

A novel image generating mechanism used in projection systems to produce
double-bit gray levels been presented. Currently, the concept is verified by computer
programming and an equivalent projection system. Experimental results demonstrate
the effect of image bit-slicing and overlapping for various gray-level bits successfully. A
more bit-multiplying could be achieved by using two more panels and arranging their
brightness ratio appropriately. The practical DBGL image projecting system has also
been proposed, it seems that a reflective type panel, LCoS or DMD, is more suitable
than a transmissive type regarding illumination efficiency improvement. This approach
is expected for applications not only in visible light image projectors, but also in infrared
scene generators, to highly increase the dynamic range of radiant intensity for static or
dynamic simulations of infrared seeker. This research will continue to implement a
practical projection system by using any type of micro display panels.
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Appendix

In this appendix, we will evaluate the lamp efficiency for transmissive and reflective
types of the DBGL image projecting system.

A.1  Transmissive type

beam splitter 2

” panel f mirror 2
(:)< 7\ “

projection lens ~ Panel ¢ e==g=== Js

J1 beam splitter 1
mirror 1 J

lamp

Fig. A1 The DBGL image projecting system utilizing two transmissive
type display panels.

The illumination J emitted from lamp is split into two parts, J1 and J,, by beam splitter 1 as
shown in Fig. A1. Jq and J, will go through optical path 1 and 2, and be reflected by
mirror 1 and 2, and then reach the coarse-tune panel c and fine-tune panel f, respectively.
Two images are sieved out from panels and combined by beam splitter 2. Finally, the
overlap image is projected onto a screen. The brightness on panel f needs to be
attenuated to produce a brightness ratio 1: 2™ with that of panel c. We can control the
transmittance of beam splitter 1 and 2 to meet this requirement. The brightness of pixel
at coordinate (x,y) of the overlap image can be given by,

bo(X,y) = r% - ge(x,y) - J +t2 - g(x,y) - J (A.1)

where r, t is the transmittance, the reflectance of beam splitter 1 and 2, generally, r + t = 1.
Moreover, for the DBGL system, r and t must meet the condition, r? : t2=2": 1. The
waste illumination W, occurred at beam splitter 2 can be given by

W o=2rt=—2¥2
(V2™ +1)?

The illumination efficiency can be expressed as E, = 1 - W,, it is proportional to the
gray-level bits of bit-sliced images. For example, m=2, E;=5/9; m=4, E;=17/25.

(A.2)
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A.2 Reflective type

lamp

J  attenuator
beam splitter

panel f

O<

projection lens

———— Panelc

Fig. A2 The DBGL image projecting system utilizing two reflective
type display panels.

For a reflective type system, the mirrors used in the transmissive type can be omitted, but
an attenuator must be added. This type presents a compact architecture as shown in Fig.
A2. The illumination reflected from panels ¢ and f are combined by beam splitter, then
projected onto a screen. Brightness in optical path 2 is attenuated by an attenuator with
transmittance 7 and reflectance p to 1/2™ times of that of optical path 1. The brightness
of pixel at coordinate (x,y) of the overlap image can be given by,

bo(X,y)=r-1t-gc(Xxy)-J+r-t- 2. gi(x,y) - J (A.3)

where r + t = 1, 72= 1/2™. The waste illumination W, occurred at beam splitter and
attenuator can be given by

W, =627+ € 41p +10 7 = (14 7~ (14 L+ (A4)

Differentiate Eq. (A.4), we will find that W has a minimum value when t=0.5, it can be
expressed by

3 1
W, 4(1 2m) (A.5)
The illumination efficiency can be expressed as E; = 1 — W, it is proportional to the
gray-level bits of bit-sliced images inversely. For example, m=1, E=5/8; m=2, E=7/16;
m=4, E=19/64. For a conventional on-axis system, i.e. m=0, E; is only equal to 1/4.
Therefore, the DBGL system with reflective type will increase the illumination efficiency
from 25% improved to 62.5% for 2-bit overlap images.
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