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Description

Field of the Invention

[0001] The present invention generally relates to apparatus and methods for image processing in display systems,
and in particular to apparatus and methods for processing image data in spatial light modulated display systems.

Background of the Invention

[0002] Spatial Light Modulating (SLM) systems include Digital Light Processing ™ (DLP™) systems. DMD and DLPtm

are trademarks of Texas Instruments Corporation. Recent developments in SLM technology rely on SLM elements that
provide diamond shaped pixels instead of square shaped pixels. Processing techniques for SLM systems include a so
called "smooth pixel" processing technique. According to the smooth pixel technique, a displayed image is formed by
combining a first set of pixels with a second set of pixels. The second set is displaced from the first set. The combined
first and second sets form a displayed image.
[0003] In one example SLM system, an array of SLM elements provides first and second pixel sets for each incoming
picture, or frame, to be displayed. The combined pixels from the first and second pixel sets provide more displayed
pixels than the number of SLM elements in the array.
[0004] However, a drawback is associated with this technique. Pixels of the first set effectively overlap pixels from the
second set in the displayed image. As a result, light in the regions of overlapping pixels is a combination of light from
each of the overlapping pixels. This sometimes results in brighter than intended, or less bright than intended image
portions. To address this issue commonly assigned co-pending application no. PCT/US2005/09621 filed on Mar. 22,
2005 by common inventor Rumreich describes an inventive filter and method to counter the effects of overlapping pixel
brightness. Applicants’ inventive filter has been found to improve images provided by smooth pixel type display systems.
[0005] With pixel brightness filtering techniques, any brightness change to the pixel, or gain applied to the pixel during
brightness processing of the pixel, can cause the resulting pixel intensity to exceed the maximum value of which the
display is capable. In that case, values exceeding the maximum value are typically clipped, for example by a limiter
circuit, at the maximum value. Clipping the pixel output intensity to this maximum value creates false contours and other
artifacts since some of the intensity information is lost. Therefore, circuits and methods to allow pixel brightness processing
to enhance image quality, while at the same time minimizing clipping, are needed.
[0006] EP-A-1 111 578 (MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD) discloses an image display apparatus
and method using a passive light modulation device and dynamically adjusting contrast and light source brightness
according to an input video signal.
[0007] US-A-2004/036703 (HITACHI, LTD.) discloses an image displaying technique that provides stable high contrast
even in an area having high brightness.
[0008] WO-A-2005/094071 discloses techniques and equipment for processing sub-images prior to their projection
onto a screen for the purpose of superimposing one or more sub-images onto one or more other sub-images.

Summary of the Invention

[0009] The present invention concerns a display system as recited in the appended claims. This display system
comprises, among others, a circuit for peaking video signals to be provided to a dynamic range limiter for displaying
images on a display device. The circuit comprises a peaking filter including a filter input configured to receive a video
signal. A first filter output provides a peaking signal for the video signal. A second filter output provides a peaked video
signal based upon the peaking signal. The circuit further comprises a throttle circuit including a throttle input coupled to
the second filter output. A throttle output provides a throttle signal based upon the peaked video signal. A scaler is
coupled between the first filter output and the dynamic range limiter. The scaler is further coupled to the throttle output.
The scaler adjusts the peaking signal based upon the throttle signal. Accordingly, peaking is adaptively applied to the
video signal based upon the dynamic range limits of the dynamic range limiter, as well as variations in brightness of the
input signal over portions of the displayed image.

Brief Description of the Drawings

[0010] Embodiments of the present invention will be described below in more detail, with reference to the accompanying
drawings, in which:

Fig. 1 is a block diagram illustrating a display system including an array of spatial light modulation (SLM) elements
suitable for implementing various embodiments of the invention.
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Fig. 2 is a block diagram illustrating in more detail the electronics subsystem of the display system illustrated in Fig. 1.
Fig. 3 is a block diagram illustrating an SLM system including a pixel filter according to an embodiment of the invention.
Fig. 4 is a diagram illustrating relationship between received pixel data, and adjusted pixel data.
Fig. 4A is a diagram illustrating a first pixel set of adjusted pixel data according to an embodiment of the invention.
Fig. 4B is a diagram illustrating a second pixel set of adjusted pixel data according to an embodiment of the invention.
Fig. 4C is a diagram illustrating a pixel matrix comprising the first and second pixel sets illustrated in Figs. 4A and 4B.
Fig. 5 is a block diagram of a pixel filter according to an embodiment of the invention.
Fig. 6 illustrates an example lookup table suitable for use in the pixel data filter of Fig. 5 according to an embodiment
of the invention.
Fig. 7 is a detailed diagram of an embodiment of the pixel data processor illustrated in Fig. 5.
Fig. 8 is a block diagram of a throttle circuit according to an embodiment of the present invention.
Fig. 9 is a block diagram showing more details of the throttle circuit illustrated in Fig. 8

Detailed Description

[0011] Spatial Light Modulator (SLM) devices find increasing use in a wide range of imaging applications such as
video image projection and printing. Typical spatial light modulators include devices such as Liquid Crystal Devices
(LCD) and digital micro-mirror devices (DMDtm). A typical spatial light modulator comprises a two-dimensional array of
modulator elements that operate upon incident light in order to form a two-dimensional image on a display surface. LCD
based devices use light polarization characteristics in order to modulate each light element in the array. DMD™ based
devices use an array of tiny micro-mirrors to modulate individual light elements. Each element in a spatial light modulator
array exhibits a variable light intensity in response to a corresponding drive voltage level. In one embodiment of the
invention, each element in an SLM array corresponds to at least one pixel of a displayed image.
[0012] Fig. 1 is a pictorial diagram illustrating an example system 100 including a Spatial Light Modulating (SLM) array
500 suitable for implementing various embodiments of the present invention. System 100 comprises at least one light
source 301 coupled to an optical system 400. Optical system 400 comprises relay and illumination optics 300 and
projection optics 200. Optical system 400 includes at least one array 500 of spatial light modulating elements 502.
According to an embodiment of the invention array 500 comprises a semiconductor-based array of reflective light elements
502. According to one embodiment of the invention, SLM array 500 comprises a binary Pulse Width Modulated (PWM)
array 500 of light switching elements 502. In one embodiment, elements 502 of PWM array 500 comprise micro-elec-
tromechanical system (MEMS) devices, for example, mirrors of a Digital Micro-mirror Devicetm (DMD)tm.
[0013] An electronics subsystem 600 includes an input for receiving a video signal 601 and an output coupled to the
SLM array 500. Electronics subsystem 600 processes incoming video signal 601 so as to provide PWM signals to drive
elements 502 of array 500. The PWM signals control the angle and dwell time of elements 502 of array 500 in accordance
with pixel values provided by video signal 601. Properties, for example, brightness, of pixels displayed on display screen
499 are related to the dwell time of respective corresponding micro-mirror elements 502.
[0014] Electronics subsystem 600 receives a video signal 601 from a source of video signals (not shown). Video signal
601 comprises video image data corresponding to video images to be projected and displayed on display device 499.
Electronics subsystem 600 processes video signal 601 and provides a processed video signal 602 to drive array 500.
[0015] Optics system 400 comprises at least one relay and illumination optics portion 300, at least one projection
optics portion 200 and at least one light source 301. Light from light source 301 is transmitted through at least one relay
optics portion 300. Light from relay optics portion 300 is projected onto light reflecting elements 502 of SLM array 500.
[0016] According to embodiments of the invention, video signal 601 is provided by at least one of a wide variety of
suitable video signal sources. Suitable video signal sources include for various embodiments of the invention are too
numerous to recite in total. However, some examples include, but are not limited to, digital versatile disk (DVD) systems,
set top boxes, broadcast video sources, Internet video sources, cable video sources, satellite video sources, wireless
and telephonic sources, to name but a few. Embodiments of the invention comprise digital video intermediate systems
wherein video sources include film, telecines, video masters and the like.
[0017] Regardless of video signal source, suitable video signals 601 for embodiments of the invention include, among
others, analog video signals, digital video signals, component video signals and composite video signals. Suitable signal
formats include, among others, National Television Standards Committee (NTSC) format, Phase Alternate Lines (PAL)
format, and PAL plus format. Any video format providing pixel values corresponding to pixels of an image to be displayed
is suitable for use in various embodiments of the invention.
[0018] Figure 2 illustrates functional blocks of the electronics subsystem 600 illustrated in Fig. 1 according to an
embodiment of the invention. Electronics subsystem 600 comprises a receiver 610 for receiving video signal 601.
Receiver 610 is coupled to video processing unit 640. Video processing unit 640 is coupled to SLM array driver 690.
[0019] According to embodiments of the invention, receiver 610 receives video signal 601 at an input. In an example
embodiment of the invention, receiver 610 decodes video signal 601 and performs Analog to Digital (A/D) conversion,
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Luminance-chrominance separation (Y/C separation), and chrominance demodulation of video signal 601 in accordance
with conventional video signal receiving and decoding techniques,
[0020] According to embodiments of the invention, video processing unit 640 further provides video processing func-
tions, for example, progressive scan conversion, and re-sampling of video signal 601 in accordance with conventional
techniques. Video processing unit 640 is coupled to an SLM device driver 690. SLM device driver 690 provides drive
signals for driving elements 502 of SLM array 500. According to an embodiment of the invention, video processor provides
enhanced Chrominance (2C) and Luminance (2Y) signals for use by driver 690 in driving elements 502 of array 500 so
as to modulate light in accordance with video signal 601.
[0021] Video processing unit 640 includes pixel filter 320 coupled to a pixel group generator 680. In one embodiment
of the invention, pixel group generator 680 is a conventional device providing pixel groups for so called, "smooth pixel"
processing techniques. According to one embodiment of the invention, pixel filter 320 is implemented by programming
a processor of video processing unit 640 so as to implement pixel processing functions in accordance with the various
embodiments of the invention described herein. In alternative embodiments of the invention, functions of pixel filter 320
are provided by hardware without the need for programming a processor. Still other embodiments of the invention
implement some functions of pixel filter 320 in hardware while other functions are implemented by a processor pro-
grammed for carrying out the other functions. However, as those of ordinary skill in the art will readily appreciate upon
reading the specification herein, a wide variety of hardware and software combinations will be suitable for implementing
the invention. Therefore, the pixel filter of the invention is not limited to one specific hardware and processor arrangement.
[0022] According to one embodiment of the invention, receiver portion 610 provides luminance (Y) signals 620 to pixel
filter 320 based upon video signal 601. According to one embodiment of the invention, receiver portion 610 provides
chrominance (C) signals 619 to pixel filter 320 based upon video signal 601.
[0023] In some embodiments of the invention, video signal processor 640 provides further processing functions in-
cluding, for example, color space conversion, gamma correction removal, error diffusion, on screen display capability,
Red, Green, Blue (RGB) input receiving capability, and user operable image controls. In one embodiment of the invention,
driver 690 includes a Field Programmable Gate Array (FPGA).
[0024] In one embodiment of the invention Field Programmable Gate Array (FPGA) 690 receives RGB video signals
from video signal processor 640 and provides PWM control functions, image reformatting, bit plane conversion and DMD
drive signal functions based, at least in part, on the RGB video signals. According to embodiments of the invention,
system 600 further comprises memory 622 and timing and control circuits 621 for electronics subsystem 600.
[0025] As will be readily appreciated by those of ordinary skill in the art processors are commonly embedded throughout
systems in a wide variety of configurations and capabilities. Any processor configuration implementing the inventive
circuits, systems and methods described herein remain within the scope of the invention.
[0026] Fig. 3 is a block diagram illustrating an embodiment of the invention. Display screen 499 is arranged with respect
to SLM array 500 so as to display an image comprising a matrix 450 of pixels. Matrix 450 comprises at least a first pixel
group 410 and a second pixel group 430. (also illustrated in Fig. 4). According to alternative embodiments of the invention,
matrix 450 comprises more than two pixel groups. According to an embodiment of the invention, the number of pixels
comprising matrix 450 is greater than the number of elements 502 of SLM array 500 used to provide first and second
pixel groups 410 and 430.
[0027] As illustrated in Fig. 3, light from a light source 301 is transmitted through relay optics subsystem 300. In one
embodiment of the invention, optics subsystem 300 includes a means for providing colored light. According to one
embodiment of the invention, optics subsystem 300 includes a color wheel alternately producing red, green and blue
light. According to an alternative embodiment of the invention, light source 301 comprises a red light source, a green
light source and a blue light source. The colored light is projected onto array 500 and reflected from array 500. Light
reflected from array 500 is provided to display 499 via projection optics subsystem 200.
[0028] Elements 502 of array 500 are driven in accordance with pixel values provided by pixel data set 620. Each
pixel of matrix 450 corresponds to a pixel value of incoming pixel data set 620. Pixel data set 620 is generated based
upon video signal 601. In Fig. 3 pixel data set 620 is represented by an arrangement of letters A through O.
[0029] Pixel processor 320 adjusts pixel values of pixel data set 620 and provides adjusted pixel data set 678 to pixel
group generator. In Fig. 3 adjusted pixel data set 678 is represented by an arrangement of letters A’ through O’. Pixel
group generator separates adjusted pixel data set 678 into first and second pixel data groups (679 and 680). In one
embodiment of the invention, pixel group generator operates in accordance with a known pixel processing technique
such as a "smooth pixel’ processing technique. According to smooth pixel processing, an input pixel data set, for example,
620 is separated into first and second pixel data groups . The first and second pixel data groups provide first and second
pixel groups comprising a displayed matrix.
[0030] However, conventional pixel processing techniques do not include pixel filter 320, nor do conventional systems
provide an adjusted pixel data set 678 to a pixel generator. Accordingly, first and second pixel groups 410 and 430
comprising matrix 450 according to the invention provide significant advantages over conventional smooth pixel process-
ing techniques.
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[0031] Fig. 4 illustrates the relationship between pixel data set 620, adjusted pixel data set 678, pixel data groups 679
and 680, pixel groups 410 and 430, and pixel matrix 450 according to an embodiment of the invention. As illustrated in
Fig. 4, first pixel group 410 comprises rows h and columns c of adjacent pixels 412. For convenience, a single indicator
412 indicates individual pixels of group 410. Second pixel group 430 comprises rows h and columns c of adjacent
individual pixels 432.
[0032] Pixel groups 410 and 430 are projected onto display screen 499 so as to appear displaced from each other,
for example, by a distance d. In one embodiment of the invention, pixel groups 410 and 430 are displaced from each
other in a direction substantially in x-direction of the plane of the surface of display screen 499.
[0033] In one example embodiment of the invention, second pixel group 430 is displayed spaced from first pixel group
410 by a distance equal to about half of the height of a single pixel. The resulting pixel matrix 450 therefore comprises
overlapping pixels. In other words, individual pixels from first pixel group 410, overlap individual pixels from second pixel
group 430.
[0034] In one embodiment of the invention, SLM elements 502 comprise diamond shaped elements. Therefore, pixels
of matrix 450 comprise substantially diamond shaped pixels (example illustrated in Fig. 4). However, other pixel shapes,
e.g. square pixels, are known, and are suitable for some applications of the invention.
[0035] Fig. 3 illustrates an optical element 210 as one example of conventional means for providing the spacing for
pixel groups 410 and 430. Optical element 210 reflects one of pixel sets 410 and 430 onto screen 499 at a first angle
Ø1. Optical element 210 subsequently projects the other pixel set at a second angle Ø2. This technique has the advantage
of providing a matrix 450 with more displayed pixels than the number of available elements 502 on SLM device 500. In
one embodiment of the invention, the number of pixels comprising matrix 450 is about twice the number of available
micro-mirrors 502 of SLM device 500.
[0036] However, the technique described above results in overlapping pixels. Light from each of the overlapping pixels
combines. Therefore, the displayed brightness for a given pixel sometimes fails to correspond to the brightness value
provided in pixel data set 620. In some cases the displayed brightness of overlapping pixels is greater than the intended
brightness. In other cases, the displayed brightness of overlapping pixels is less than the intended brightness.
[0037] According to an embodiment of the invention pixel data set 620 is provided to pixel filter 320. Filter 320 provides
modified pixel data set 678. Pixel data groups 679 and 680 are formed from modified pixel data set 678. The pixel values
of pixels of pixel data groups 679 and 680 are used to generate pixel groups 410 and 430 respectively. Displayed
combined pixel groups 410 and 430 comprise matrix 450.
[0038] In accordance with an embodiment of the invention, pixel filter 320 provides adjusted example data set 678 as
represented by the following diagram:

[0039] First pixel data group 679 comprises pixel data labeled A’, C’, E’, G’, I’, K’, M’, O. Second pixel data group 680
comprises pixels labeled B’, D’, F’, H’, J’, ’L, N’. Pixel groups 410 and 430 are generated based on pixel data groups
679 and 680 respectively. Matrix 410 comprises first pixel group 410 and second pixel group 430.
[0040] As can be seen from the drawing of matrix 450, pixels from the first pixel group 410 at least partially overlap
pixels of pixel group 430 and vice versa. For example, the G pixel position in the first pixel group 410 is overlapped by
the B, F. L and H pixel positions from the second pixel group 430. This overlap causes intensity distortion of the image
represented by matrix 410.
[0041] According to an embodiment of the invention, distortion in pixel intensity caused by the overlap is reduced by
an image enhancing filter arrangements 320 illustrated in Figs. 3, 5 and 7.
[0042] Figure 5 illustrates an embodiment of a pixel filter 320 according to an embodiment of the invention. Pixel filter
320 comprises at least one two-dimensional filter that operates on respective pixels of pixel data set 620 in accordance
with an array h given by:

wherein β is a scaling factor associated with a pixel of pixel data set 620 from which the intensity distortion is to be
removed; and
α is a scaling factor for pixels overlapping the pixel of pixel data set 620 from which the intensity distortion is to be

A’ B’ C’ D’ E’
F’ G’ H’ I’ J’
K’ L’ M’ N’ O’

-α
-α β -α

-α
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removed.

[0043] More particularly, filter 320 adjusts intensity values I of respective pixels of data set 620 by an amount sufficient
to compensate for the intensity contribution of pixels overlapping a respective pixel in matrix 450. For example, in Fig.
4, the intensity (IG) of pixel G in pixel data set 620 is scaled by an amount (β) such that the intensity distortion caused
by overlapping pixels B (Ib), F (IF), L (IL)and H (IH)in displayed matrix 450 is reduced. In an embodiment of the present
invention, adjusted pixel G’ has an adjusted intensity value IG’ in accordance with the relationship illustrated below: 

Wherein:

β is a scaling factor associated with the pixel G from which the intensity distortion is to be removed; and
α is a scaling factor associated with overlapping pixels that are contributing to the intensity of pixel G.

[0044] According to one embodiment of the invention, a relationship between β and α is given by: β = 1 + 4α. This
relationship provides unity DC gain. However, the invention is not limited in this regard. In one embodiment of the
invention, α is approximately +1/8 and β is approximately 3/2. Selecting these example scaling factors has been found
to provide unity DC gain while compensating for distortion in some embodiments of the invention.
[0045] According to the example above, the pixel data for the example data set 620, and the adjusted data set 678 is
represented as follows:

[0046] Fig. 5 is a block diagram illustrating an example filter arrangement 320 representing one of three like filters
320a, 320b, 320c illustrated in Fig. 3. Filter 320 implements the relationship described in equation 1 above for each pixel
in respective red, green and blue components of component video signal 620. For convenience, the operation of one
filter 320 will be described in relation to an example pixel G. Overlapping pixel groups 410 and 430 as shown in Fig. 4.
are referred to herein as an example for purposes of discussion. However, it will be understood that each of the pixels
comprising incoming pixel set 620 are suitable for processing in the same way to remove intensity distortion caused by
overlapping pixels.
[0047] Referring to Fig. 5, a pixel filter 320 according to an embodiment of the invention is illustrated. Pixel filter 320
comprises a delay circuit 646. Delay circuit 646 receives pixel data of pixel data set 620. Delay circuit 646 delays the
received pixel data so as to provide pixel data for a plurality of pixels substantially simultaneously. In the example
illustrated in Fig. 5, delay circuit 646 provides pixel data for pixels H, L, F and B (overlapping example pixel G in matrix
450.) to adder 648. At the same time, delay circuit 646 provides data for example pixel G to a second scaler 652. Adder
648 provides an output representative of the sum of pixel values for pixels H, L, F and B to a first scaler 651. First scaler
651 applies a scaling factor α to its input to provide a scaled output. Second scaler 652 applies a scaling factor β to its
input to provide a scaled output. The scaled outputs of scalers 651 and 652 are combined by subtractor 653. The
difference output of subtractor 653 represents an adjusted value G’ for example pixel G. According to one embodiment
of the invention, the difference output of subtractor 653 is optionally provided to a limiter. In that case, successive output
values provided by limiter 654 comprise adjusted pixel data set 678. According to another embodiment of the invention,
a third scaler 650 and an adder 656 may be used.
[0048] According to one embodiment of the invention, a scaling factor for first scaler 655 is adjustable by an adjustment
factor X provided by first adjuster, 655. According to one embodiment of the invention, a scaling factor for the second
scaler 652 is adjustable by an adjustment factor Y provided by second adjuster 657.
[0049] Figure 6 illustrates a pixel filter control circuit 700 for implementing an embodiment of pixel filter 320 including
adjustable scaling factors. Filter control circuit 700 comprises a look up table 150. Look up table 150 stores a plurality
of selectable XY pairs of adjustment factors for X 154 and Y 156. Each XY pair of the table corresponds to one of the
filter control setting 152 of table 150. In the example illustrated in Fig. 6, eight possible filter control settings, e.g., 0
through 8 are provided. To select scaler adjustment factors X and Y a filter control signal representing one of the eight
control settings is provided at filter control input 688 of table 150, The XY value pair corresponding to the filter control
setting selected by input 688 provides adjustment factors X and Y to first and second adjusters 655 and 657. In that

A B C D E A’ B’ C’ D’ E’
F G H I J → F’ G’ H’ I’ J’
K L M N O K’ L’ M’ N’ O’
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manner, lookup table 150 provides adjustable scaling factors for scalers 655 and 652.
[0050] In one embodiment of the invention, the X and Y values of table 150 maintain a given relationship between
scaling factors α and β while permitting adjustment of scaling factors α and β. In one embodiment of the invention, the
given relationship between α and β is a unity gain relationship given by: 

[0051] Figure 7 is a more detailed diagram of one embodiment of the filter illustrated in Fig. 6. A video signal representing
pixel data set 620 is provided to full line delay registers 803 and 805. Line delay registers 803 and 805 delay the video
signal by an entire line of displayed video according to one embodiment of the invention. For the purpose of the present
example, the delays of line delay registers 803 and 805 are chosen according to the principles illustrated by the following
example. When the data for pixel M, for example, is presented at input 620, the output of line delay register 803 will be
H and the output of line delay register 805 will be C. As illustrated in Fig. 7, the output of line delay registers 805, 803
and the original video input signal, e.g., M are coupled respectively to a second bank of delay registers 807, 809, and
800. The outputs of delay registers 803 and 800 are added by adder 812. The output of adder 812 is provided to a first
input of adder 823.
[0052] A second input to adder 823 is provided as follows. An output of delay element 809 is provided to delay element
811. The output of delay element 811 is provided to one input of adder 813. The other input to adder 813 is provided by
the output of delay element 807. A sum output of adder 813 is coupled to the second input to adder 823.
[0053] According to the example above, the sum H+L+B+F. is provided. Pixels H, L, B and F are pixels overlapping
pixel G in matrix 450 of Fig. 1. This sum represents a sum of pixel intensity values for each of the pixels that overlap
pixel G. The sum H+L+B+F is then scaled by a scaling factor α. Scaling is accomplished in one embodiment of the
invention as follows. The sum H+L+B+F is provided to multiplier 814. Multiplier 814 multiplies the sum H+L+B+F ac-
cordance with a first multiplier X, indicated at multiplier input 655. The output of multiplier 655 is provided to divider 651.
In the embodiment illustrated In Fig. 7 divider 651 divides the output of multiplier 655 by 32. Therefore, the sum (H + L
+ B + H) output from adder 823 is scaled by a factor of x/32, where 32 is a constant and x/32 comprises scaling factor
α. For example if x = 4 in Fig. 7, then α = 4/32 or 1/8. Accordingly, the scaled sum for pixels in the example above is
(1/8)(H+L+B+F).
[0054] Similarly, a second scaling factor β is applied to pixel data value G by providing data value G to multiplier 804.
The output of multiplier 804 is provided to a 1/8 divider 652. Therefore, G is scaled by a factor of y/8 comprising scaling
factor β. A subtractor 817 provides an output representing the difference between the scaled pixel intensity data value
β (G) and the scaled sum of the intensity values of overlapping pixels, i.e., (α)(H+L+B+F)..
[0055] In one embodiment of the invention the output of subtractor 817 is provided to a limiter 654. Limiter 654 maintains
the difference value provided by subtractor 817 within a range of pixel intensity values. According to one embodiment
of the invention, various additional delay registers, e.g., 819, 820 are provided in the filter circuit in Fig. 7 to allow for
circuit settling times.
[0056] It will be appreciated by those of ordinary skill in the art that various other relationships between β and α, e.g.,
other than unity gain relationships, are possible. Table 600 is suitable for implementing a wide variety of relationships.
The other relationships can readily be accomplished by substituting appropriate values of x y pairs in table 600. Advan-
tageously the pairs are customizable such that a specific relationship is maintained between β and α for all values of x
and y pairs on the table.
[0057] According to one embodiment of the invention, look up table 150 is implemented in a memory (not shown), for
example, a semiconductor memory. In that case, the memory stores values of x and y. The memory includes x and y
outputs coupled to inputs x (indicated at 655) and y (indicated at 657) respectively of filter 645 of Fig. 7. In a look up
table embodiment comprising eight x,y pairs, x is selectable such that α ranges in 1/32 increments between 0 to 7/32.
For the same table, y is selectable such that β ranges from 1 to 15/8 in increments of 1/8.
[0058] Those skilled in the art will readily appreciate that the foregoing filters are capable of implementation in various
combinations of software, hardware and/or firmware. According to one embodiment of the invention, look up table values
are stored in an electronic memory. For example, data sets can be stored in a bus register, RAM or other data storage
device associated with a DLP system microprocessor. Still, the invention is not limited in regard to memory types, and
other suitable methods exist for storing such values. In one embodiment of the invention, filter control values are selectable
by a user via a user operable interface with a DLP display system. According to another embodiment of the invention,
filter control values are automatically adjusted by a system microprocessor (not shown) provided for controlling the DLP
system.
[0059] Further, while Figs. 5 and 7 represent embodiments of filters according to the invention, those skilled in the art
will recognize that the invention is not limited to particular component arrangements. For example, other filter architectures
are possible for implementing the invention. That is, other filter architectures are suitable for operating on pixel values
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so as to adjust pixel intensity to at least partially compensate for the intensity distortion caused by overlapping pixels.
Further, while it is be advantageous in many embodiments of the invention to select β = 1 + 4α, the invention is not
limited in this regard to such values. The values of β and α are selectable to have other values and relationships according
to various embodiments of the invention.

Improved Response to Dynamic Range Limits

[0060] The pixel filtering and processing techniques described above act to restore original picture sharpness lost
through certain types of pixel processing, for example, smooth pixel processing. However, regardless of the filtering
techniques employed, transient peaks in pixel brightness levels will sometimes exceed the dynamic range of signal
paths. Dynamic range limiters are frequently employed to clip transient brightness levels. That is, a dynamic range limiter
reduces the brightness value of pixels that exceed the dynamic range capabilities of the display device in the system.
The clipping amount is based on the difference between the pixel brightness value and the dynamic range limit of the
signal path. As a result of clipping, washout of the displayed picture can result.
[0061] To illustrate this concept, an example set of pixel brightness values is shown in Table 1 below. For this example,
zero represents black, 50 represents gray and 100 represents maximum white. Therefore, the example picture comprises
a single white pixel (100) on a gray background (50).

[0062] As described above with reference to Fig. 3, an example filter includes filters 320a, 320b, 320c. Each filter is
a two-dimensional filter that convolves the pixels of each image with an array h defined by:

wherein β is a scaling factor associated with the pixel from which the intensity distortion is to be removed; and
α is a scaling factor for respective corresponding adjacent pixels that are contributing to the distortion.
[0063] For this example, the filters of figures 3 and 6 comprise the example values shown in Table 2.

[0064] Table 3 shows pixel brightness values that would be provided to the display after sharpening by the filter of
Figs. 3 and 6.

[0065] As can be seen from Table 3, filtering makes the white pixel "whiter than white". The adjacent pixels are slightly
darker than the gray background value of 50. For embodiments of the filter of Figs 3 and 5 employed in a system having
a dynamic range sufficient to accommodate a pixel value of 125, the filter would produce the intended sharpening effect.

TABLE 1 example input signal
50 50 50 50 50
50 50 50 50 50

50 50 100 50 50
50 50 50 50 50
50 50 50 50 50

-α
-α β -α

-α

Table 2
-1/8

-1/8 3/2 -1/8
-1/8

Table 3
50 50 50 50 50
50 50 44 50 50

50 44 125 44 50
50 50 44 50 50
50 50 50 50 50
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However, in one example application, the dynamic range for pixel values is restricted to a maximum value, for example
100. In the case of a maximum value of 100, the output of the filter is shown in Table 4.

[0066] The brightness values given in Table 4, when provided to the display, could produce the appearance of a
"washed out" white dot. Therefore, embodiments of the invention include methods and apparatus for compensating for
the effects of such dynamic range limitations. Embodiments of the invention further provide the advantage of adaptively
compensating the effects of dynamic range limitations. In that way, embodiments of the invention apply compensation
on a pixel by pixel basis. The amount of compensation is based upon a predicted amount by which pixels surrounding
or adjacent to, a given pixel in an image will be clipped. In one embodiment of the invention, the amount of clipping is
evaluated and the compensation is applied by adjusting pixel values in accordance with the expected amount of clipping.
In that manner, embodiments of the invention avoid applying more compensation than is optimal for a given area of a
displayed image. Embodiments of the invention adjust pixels by amounts sufficient to reduce clipping while maintaining
overall brightness. To accomplish this, embodiments of the invention reduce values of pixels expected to exceed the
dynamic range limits of the system. At the same time, values of nearby pixels that are not expected to exceed the
dynamic range limits are increased.
[0067] Figure 8 illustrates an adaptive filter 800 according to an embodiment of the invention. A throttle circuit 825
receives successive pixel brightness values at 801. The successive values are also provided to pixel brightness processor
802 for brightness processing. The brightness processed pixels from pixel brightness processor 802 are provided to
throttle circuit 825. Throttle circuit 825 adaptively processes each pixel at input 801 based on the dynamic range limits
of the signal path between brightness processor 802 and the system display (an example display is illustrated in Fig. 3
at 499). Throttle circuit 825 provides a throttle signal 807. Throttle signal 807 is applied to the output of brightness
processor 802 to decrease brightness of pixels exceeding the dynamic range limits of the signal path, while maintaining
the overall brightness of the displayed image.
[0068] In one embodiment of the invention pixel brightness processor 802 is a filter. In one embodiment of the invention,
pixel brightness processor 802 is any of the filters described hereinabove and as illustrated by Figs. 2-7. In one embod-
iment of the invention, pixel brightness processor 802 includes a peaking gain adjustment 805.
[0069] SLM systems like the example illustrated in Fig. 1 process pixel brightness data for a variety of purposes. One
reason is to compensating the image for brightness variations due to overlapping pixels in a staggered pixel display like
the one illustrated in Fig. 3 at 410. For other embodiments of the invention pixel brightness is compensated in accordance
with a gamma, or de-gamma function. In other embodiments of the invention, pixel brightness is compensated for a light
source that has a particularly intense primary component for a given primary color. In one embodiment of the invention,
pixel brightness processor 802 is a peaking filter. In one embodiment of the invention pixel processor 802 is a peaking
filter of the type illustrated in Fig. 5. Other embodiments of the invention include pixel processors for sharpening and
other image and pixel brightness translation functions. In particular, the invention is suitable for use with any processor
802 or filter that performs high frequency emphasis filtering of the type that can result in transient peaks in pixel brightness
values beyond the dynamic range of the signal path.
[0070] Regardless of the type of pixel brightness processing, pixel processor 802 processes the incoming pixel data
and provides a brightness processed output 803. Processed output 803 is scalable by scaler 804. According to the
embodiment illustrated in Fig. 8, the scaled output of scaler 804 is added to the input signal at 801 by adder 818. The
output of adder 818 is provided to limiter 815. As discussed above, limiter 815 limits the pixels values exceeding the
brightness range appropriate for the display device. After the pixel data is processed and limited, it is formatted by data
formatting logic and displayed using a display (For one example display, see Fig. 3 at 499).
[0071] According to one embodiment of the invention, filter 800 comprises a throttle circuit 825 and a scaler 804. The
input 862 of throttle circuit 825 is coupled to pixel processor 802 via adder 808. Processor Input 801 and processor
output 803 are coupled to inputs of adder 808. A throttle signal 807 is provided at an output of throttle circuit 825. Throttle
signal 807 acts as a variable scaling factor for scaler 804. Throttle circuit 825 receives both incoming pixel data 801 and
processed pixel data 803 via adder 808. For any given incoming pixel at 801, throttle circuit 825 determines if pixels
adjacent to and including the incoming pixel are likely to have brightness values exceeding the range of limiter 815.
[0072] For example, in Fig. 4A and 4B, a first pixel set and a second pixel set are respectively illustrated. A displayed
pixel matrix including both the first and second pixel sets is represented by Fig. 4C. The first pixel set includes an example

Table 4
50 50 50 50 50
50 50 44 50 50
50 44 100 44 50
50 50 44 50 50
50 50 50 50 50
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given pixel, G. For pixel G of incoming pixel data, pixels H, L, B and F of the second pixel set are adjacent to pixel G in
the displayed pixel matrix.
[0073] Returning now to Fig. 8, and discussing an example pixel G, throttle circuit 825 estimates the amount of clipping
to be applied by limiter 815 to at least one of pixels G, H, L, B and F, based on pixel values comprising peaked video
signal 862. Throttle circuit 825 provides an output signal based upon the amount by which brightness values of pixels
G, H, L, B and F at input 862 exceed the dynamic range limits. Then throttle circuit 825 provides a throttle signal output
that adjusts the corresponding pixel value at the output of peaking filter 802 based on the amount by which the brightness
value pixel exceeds the dynamic range limits. In this way peaking is selectively applied to pixels of the input signal at
input 801. Selection is based on brightness values of pixels comprising a portion of the image represented by input
signal 801.
[0074] Alternative embodiments of the invention are suitable for use in systems employing only one pixel set to display
a frame of data. In other words, embodiments of the invention are suitable for use in systems that do not employ smooth
pixel, or staggered pixel techniques. In that case, adjacent pixels comprise neighboring pixels to a given pixel. In one
embodiment of the invention, if throttle circuit 825 determines that processing by processor 802 will result in clipping of
the given pixel, or an adjacent pixel, throttle circuit 825 adjusts throttle signal 807. The amount of adjustment of throttle
signal 807 is based upon the amount of clipping to be applied to the given pixel or an adjacent pixel. In one embodiment
of the invention the adjustment amount is sufficient to restrict the brightness value of the adjacent pixel to a value
approximately within the dynamic range limits of dynamic range limiter 815.
[0075] Scaler 804 scales brightness values of pixels at the output 803 of pixel processor 802 based upon throttle signal
807. In an adaptive embodiment of the invention, throttle signal 807 scales the brightness values of adjacent pixels on
a pixel by pixel basis. Therefore, each pixel will be processed in accordance with its corresponding adjacent pixels. Thus
a different scaling factor is applied based upon the optimal scaling for each portion of the displayed image. In that manner,
throttle circuit 923 adaptively adjusts a sharpening level to accommodate dynamic range limitations.
[0076] In one embodiment of the invention, processor 802 comprises a peaking filter. Peaking filter output 803 is
provided to scaler 804. Scaler 804 scales peaked output values in accordance with throttle signal 807. The output of
scaler 804 is provided to limiter 815.
[0077] Fig. 9 illustrates the throttle circuit of Fig. 8 in more detail. Successive pixels to be processed are provided to
an input 801 of a filter arrangement 900 according to one embodiment of the invention. In an embodiment employing a
filter as described in conjunction with Fig. 3 at 320, filter 903 comprises a two-dimensional filter that convolves successive
pixels of each image with an array h defined by:

[0078] In the example illustrated in Fig. 9, the example array values are:

[0079] It is important to note the example values provided above are for illustration and discussion purposes. A wide
variety of array values are possible and are determined as described above in reference to Figures 2-7 for various
embodiments of the invention. In the embodiment illustrated in Fig. 9, a gain control 905 is provided for filter 903. In
some embodiments of the invention, gain control 905 operates in a manner similar to the gain control illustrated in Figs
5 and 6.
[0080] The output of gain control 905 is provided to scaler 904. Scaler 904 scales the output of gain control 905 in
accordance with a throttle signal 907 provided by throttle circuit 925. In one embodiment of the invention, the output of
scaler 904 is combined with the signal at input 801 by a combiner, for example, an adder 918. The output of adder 918
is provided to limiter 654. Limiter 654 clips the output of adder 918 by an amount sufficient to adjust the brightness value
of the output pixels to be within the dynamic range for the display.
[0081] In an alternative embodiment of the invention, processor 802 of Fig. 8 is embodied as a two-dimensional high-
pass array, indicated at 903 in Fig. 9. In one embodiment of the invention, the output of high pass array 903 is provided
to a multiplier 905. According to one embodiment of the invention, the output of high pass array 903 is a peaking signal.
The peaking signal is used to "peak" the video signal input at 801. Multiplier 905 adjusts the amplitude of the high-pass
array 903 output, and therefore the peaking signal, in accordance with a value stored in a control register 921 so as to

-α
-α β -α

-α

-1
-1 4 -1

-1
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provide a "peaking gain" to the output of high pass array 903. In one embodiment of the invention, the peaking gain is
adjustable, for example by a technician in one embodiment, and a viewer in another embodiment, for optimal peaking
of the input video signal based upon the perceived quality of the displayed video image. An output of multiplier 905 is
provided to scaler 904 and to adder 975. Scaler 904 couples the peaking signal to adder 918. Adder 918 combines the
peaking signal with input video signal 801. Input signal 801 is also provided to adder 975. The output of adder 975 is a
peaked video signal 906. This peaked video signal is provided to throttle circuit 925. According to embodiments of the
invention, throttle circuit 925 comprises an absolute value circuit 951, a coring circuit 953, and filter 955. Together with
scaler 904, throttle circuit 925 comprises a circuit for peaking video signals according to an embodiment of the invention.
[0082] According to one embodiment of the invention, throttle circuit 925 scales, for example by fractional multiplying,
the peaking signal output from multiplier 905 thereby adjusting the peaking signal. The amount of peaking applied to
the input video signal 801 is based on the peaking signal. In one embodiment of the invention the gain of peaking signal
is derived from a value stored in register 915. In one embodiment of the invention the gain is variable so as to provide
between 0 gain and unity gain for the peaking signal.
[0083] An example case where throttle circuit 925 provides unity gain for the peaking signal output of filter 903 will
now be discussed. The output of high pass array 903 is adjusted by circuit 905 in accordance with the value provided
by register 921. The adjusted high-pass array output is scaled by multiplier 904 and the scaled output of multiplier 904
is added by adder 918 to the signal at input 801. Adder 918 provides the sum as output signal 919 to limiter 654. Limiter
654 restricts, for example by clipping, the value of output signal 919 such that the value remains approximately within
the dynamic range limitations of the subsequent signal path, for example the signal path between the limiter output and
the display.
[0084] If the throttle signal 907 output of throttle circuit 925 were unity under all conditions, this system would behave
in a similar manner to the filter illustrated in Figs. 1-7 herein. However, according to various embodiments of the invention,
the throttle signal 907 is variable. In one embodiment throttle signal 907 is variable between zero and one. In other
embodiments of the invention, other adjustment limits for throttle signal 907 are provided. In one embodiment of the
invention, a value of zero completely inhibits peaking, while a value of one allows peaking as determined by filter 903
without throttling. According to an embodiment of the invention, throttle signal 907 is adaptively controlled in response
to throttle circuit 925.
[0085] Throttle circuit 925 evaluates the amount of clipping to be applied to portions of the video images represented
by video input signal 801. According to one embodiment of the invention, throttle circuit 925 comprises an absolute value
circuit 951 coupled to an input of a coring circuit 953. The output of coring circuit 953 is provided to spreading circuit 955.
[0086] In one embodiment of the invention, peaked video signal 906 is provided to absolute value circuit 951. Absolute
value circuit 951 determines absolute values of successive pixels of peaked video signal 906. In effect, absolute value
circuit 951 folds together positive and negative values of successive incoming pixels of peaked video signal 906, with
respect to the center of the range of the incoming pixel values.
[0087] The output of absolute value circuit 951 is coupled to coring circuit 953. Coring circuit 953 provides a threshold
corresponding to the most positive and most negative unclipped pixel values at its input. In one embodiment of the
invention, coring circuit 953 evaluates pixels at its input with respect to the clipping threshold. In one embodiment of the
invention, coring circuit 953 applies a non linear function to pixels at its input to evaluate pixel brightness with respect
to the clipping threshold.
[0088] The output of coring circuit 953 is provided to a spreading circuit 955. In one embodiment of the invention,
spreading circuit 955 comprises a two-dimensional filter that receives successive pixels provided by coring circuit 953.
Spreading circuit 955 evaluates a portion of the video signal comprising a given pixel and its neighboring pixels as
represented by array l. For each successive input value to spreading circuit 955, a corresponding spread clipping estimate
output is provided at the output of spreading circuit 955. The spread clipping estimate corresponding to a given input
value is determined as follows. For each given successive input value, a corresponding "max" pixel of array l is identified.
The max pixel value is the highest value in array l.
[0089] Spreading circuit 955 provides a spread clipping estimate x. X is a scaler that adjusts the brightness of the max
pixel by an amount sufficient to bring the brightness value of the max pixel within the dynamic range enforced by limiter
654. Throttle signal 907 is based on the spread clipping estimates.
[0090] According to one embodiment of the invention, the output of spreading circuit 955 is gain adjusted by a multiplier
957. According to one embodiment of the invention, the multiplication factor for multiplier 957 is provided by a control
register 915. In one embodiment of the invention, control register 915 stores a value (referred to herein as throttle gain)
to be applied to the output of spreading circuit 955 to adjust the gain of throttle signal 907. According to one embodiment
of the invention, the output of multiplier 957 is limited by limiter 958 and inverted by inverter 959. Thus, according to one
embodiment, a polarity and range setting circuit is provided for throttle signal 907.
[0091] The circuit described above reduces the amount of peaking in vicinities where limiting is predicted to occur,
and prevents the washout of white or black detail. According to various embodiments of the invention, circuits 903 and
955 are implemented by employing a plurality of line delays. For example, in one embodiment of the invention, a line
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delay arrangement as suggested by the circuit illustrated in Fig. 7 is employed for circuits 903 and 955. According to
one embodiment of the invention, the number of line delays is chosen so as to implement circuit 903 and 955 for predicted
limiting one line above and one line below the lines calculated by high-pass array 903. For example, to implement an
embodiment of the invention as shown in figure 9, four line delays are utilized. Two line delays provide high-pass array
903 with simultaneous access to three vertically aligned pixels. Similarly, one embodiment of spreading circuit 955, as
shown in figure 9, is implemented with two additional line delays to permit the calculations described above.
[0092] One embodiment of the circuit illustrated figure 9 comprises two line delays, thereby saving the total amount
of line delays for this embodiment. This embodiment is implemented by approximating the high-pass array 903 repre-
sented by X’s in spreading circuit 955. According to an embodiment of the invention, an approximation used for high-
pass arrays implementing the X’s of spreading circuit 955 is shown in Table 7. The approximation comprises two arrays.
Examples of the two arrays are illustrated in Table 7.

[0093] Using the approximations of table 7 obviates the need for delays associated with zero coefficients. This is but
one embodiment of the invention that has been found to provide good performance.
[0094] According to the various embodiments of the invention, other and further embodiments of the invention may
be devised without departing from the basic scope thereof, and the scope thereof is determined by the claims that follow.

Claims

1. A display system (100) having a light source (301), relay optics (300), an optical element (210), an array (500) of
light modulators, an electronic subsystem (800, 900) for processing an input video signal (601, 801) comprising
pixel data (620) forming a matrix (450) of pixels, projection optics (200), and a display screen (499), the electronic
subsystem (800, 900) driving the array (500) of light modulators, wherein
light from the light source (301) is transmitted through the relay optics (300) to the optical element (210), the optical
element (210) reflects the transmitted light onto the array (500) of light modulators, and the light modulated by the
array (500) of light modulators is projected onto the display (499) via the projection optics (200), whereby
the optical element (210) sequentially reflects the transmitted light onto the array (500) of light modulators at a first
angle (ϕ1) and at a second angle (ϕ2) so that the light projected onto the display screen (499) by the array (500) of
light modulators forms a first pixel group (410) and a second pixel group (430) on the display screen in such a way
that the first and second pixel groups are superimposed and are shifted from one another by a predetermined
distance so as to form together the matrix (450) of pixels,
the electronic subsystem (800, 900) comprising:

a pixel brightness processor (802) configured to receive the input video signal (801) comprising the pixel data
(620) and to apply a peaking filter to the input video signal (801) to reduce distortion in pixel intensity caused
by the overlap of the first and second pixel groups (410, 430) and to produce a brightness processed output
(803); an adder (808) configured to receive the brightness processed output (803) and the input video signal
(801) and to produce a peaked video signal (862) including brightness values for the combination of the first
and second pixel groups (410, 430); a throttle circuit (825) configured to receive the peaked video signal (862)
and to produce a throttle signal (807) as a function of the peaked video signal (862), said throttle signal acting
as a scaling factor;
a scaler (804, 904) configured to receive both the throttle signal (807) and the brightness processed output
(803) and to scale the brightness processed output (803) to produce an output signal (804) as a function of said
scaling factor and the brightness processed output (803), said output signal comprising adjusted pixel data
(678), the combination of superimposed first and second pixel groups being based on said adjusted pixel data;
and a dynamic range limiter (654, 815) configured to receive said output signal and to limit light intensity value
of pixels provided by the adjusted pixel data to be within the dynamic range displayable by the display system
(100).

2. The display system (100) of claim 1 wherein the throttle circuit (825,925) produces the throttle signal (807) by
reducing the peaked video signal (862) for the pixels in the first and second pixel groups (410, 430) based on

TABLE 7
-1 0

-1 3 -1 -1 3 -1

0 -1
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amounts that brightness values exceed a dynamic range limit of the dynamic range.

3. The display system (100) of claim 2 further comprising a second adder (818) configured to receive the input video
signal (801) and the output signal of the scaler (804, 904);
wherein the second adder (818) adds the output signal of the scaler (804, 904) to the input video signal (801); and
wherein the second-adder output (919) of the second adder (818) comprises the output signal to the dynamic range
limiter (654, 815).

4. The display system (100) of claim 1 wherein said throttle circuit comprises:

a clipping estimator (951, 953) which receives the peaked video signal (862, 906);
a spreading circuit (955) comprising a two-dimensional filter (320) that receives the output of the clipping estimator
(951, 953) for successive pixels of the matrix (450), evaluates a portion of the output comprising a given pixel
and its neighboring pixels, and provides the throttle signal (807, 907) so as to adjust brightness of a maximum
pixel by an amount sufficient to bring the brightness value of the maximum pixel within the dynamic range
enforced by the dynamic range limiter (654, 815); wherein brightness of pixels adjacent the maximum pixel of
the successive pixels that do not exceed the dynamic range limits are increased.

Patentansprüche

1. Anzeigesystem (100) mit einer Lichtquelle (301), einer Übertragungsoptik (300), einem optischen Element (210),
einer Anordnung (500) von Lichtmodulatoren, einem Elektronikteilsystem (800, 900) zum Verarbeiten eines Ein-
gangsvideosignals (601, 801), das Pixeldaten (620) umfasst, die eine Matrix (450) von Pixeln bilden, einer Projek-
tionsoptik (200) und einem Anzeigebildschirm (499), wobei das Elektronikteilsystem (800, 900) die Anordnung (500)
von Lichtmodulatoren ansteuert, wobei
Licht von der Lichtquelle (301) durch die Übertragungsoptik (300) zu dem optischen Element (210) übertragen wird,
wobei das optische Element (210) das übertragene Licht auf die Anordnung (500) von Lichtmodulatoren reflektiert
und wobei das durch die Anordnung (500) von Lichtmodulatoren modulierte Licht über die Projektionsoptik (200)
auf die Anzeige (499) projiziert wird, wobei
das optische Element (210) das übertragene Licht unter einem ersten Winkel (ϕ1) und unter einem zweiten Winkel
(ϕ2) aufeinanderfolgend auf die Anordnung (500) von Lichtmodulatoren reflektiert, so dass das durch die Anordnung
(500) von Lichtmodulatoren auf den Anzeigebildschirm (499) projizierte Licht auf dem Anzeigebildschirm in der
Weise eine erste Pixelgruppe (410) und eine zweite Pixelgruppe (430) bildet, dass die erste und die zweite Pixel-
gruppe überlagert und um eine vorgegebene Strecke gegeneinander verschoben werden, um zusammen die Matrix
(450) von Pixeln zu bilden,
wobei das Elektronikteilsystem (800, 900) umfasst:

einen Pixelhelligkeitsprozessor (802), der dafür konfiguriert ist, das Eingangsvideosignal (801), das die Pixel-
daten (620) umfasst, zu empfangen und auf das Eingangsvideosignal (801) ein Peaking-Filter anzuwenden,
um eine durch die Überschneidung der ersten und der zweiten Pixelgruppe (410, 430) verursachte Verzerrung
der Pixelintensität zu verringern und eine helligkeitsverarbeitete Ausgabe (803) zu erzeugen;
einen Addierer (808), der dafür konfiguriert ist, die helligkeitsverarbeitete Ausgabe (803) und das Eingangsvi-
deosignal (801) zu empfangen und ein spitzes Videosignal (862) zu erzeugen, das die Helligkeitswerte für die
Kombination der ersten und der zweiten Pixelgruppe (410, 430) enthält;
eine Drosselschaltung (825), die dafür konfiguriert ist, das spitze Videosignal (862) zu empfangen und in Ab-
hängigkeit von dem spitzen Videosignal (862) ein Drosselsignal (807) zu erzeugen, wobei das Drosselsignal
als ein Skalierungsfaktor wirkt;
einen Scaler (804, 904), der dafür konfiguriert ist, sowohl das Drosselsignal (807) als auch die helligkeitsver-
arbeitete Ausgabe (803) zu empfangen und die helligkeitsverarbeitete Ausgabe (803) zu skalieren, um in Ab-
hängigkeit von dem Skalierungsfaktor und von der helligkeitsverarbeiteten Ausgabe (803) ein Ausgangssignal
(804) zu erzeugen, wobei das Ausgangssignal eingestellte Pixeldaten (678) umfasst, wobei die Kombination
der überlagerten ersten und zweiten Pixelgruppe auf den eingestellten Pixeldaten beruht; und
einen Dynamikbereichsbegrenzer (654, 815), der dafür konfiguriert ist, das Ausgangssignal zu empfangen und
den Lichtintensitätswert von Pixels, der durch die eingestellten Pixeldaten bereitgestellt wird, in der Weise zu
begrenzen, dass er innerhalb des durch das Anzeigesystem (100) darstellbaren Dynamikbereichs liegt.

2. Anzeigesystem (100) nach Anspruch 1, wobei die Drosselschaltung (825, 925) das Drosselsignal (807) durch Ver-
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ringern des spitzen Videosignals (862) für die Pixel in der ersten und zweiten Pixelgruppe (410, 430) auf der Grund-
lage der Höhen, in denen die Helligkeitswerte einen Dynamikbereichsgrenzwert des Dynamikbereichs übersteigen,
erzeugt.

3. Anzeigesystem (100) nach Anspruch 2, das ferner einen zweiten Addierer (818) umfasst, der dafür konfiguriert ist,
das Eingangsvideosignal (801) und das Ausgangssignal des Scalers (804, 904) zu empfangen;
wobei der zweite Addierer (818) das Ausgangssignal des Scalers (804, 904) mit dem Eingangsvideosignal (801)
addiert; und
wobei die Ausgabe (919) des zweiten Addierers (818) das Ausgangssignal für den Dynamikbereichsbegrenzer (654,
815) umfasst.

4. Anzeigesystem (100) nach Anspruch 1, wobei die Drosselschaltung umfasst:

eine Begrenzungsschätzeinrichtung (951, 953), die das spitze Videosignal (862, 906) empfängt;
eine Spreizschaltung (955), die ein zweidimensionales Filter (320) umfasst, das die Ausgabe der Begrenzungs-
schätzeinrichtung (951, 953) für aufeinanderfolgende Pixel der Matrix (450) empfängt, einen Teil der Ausgabe,
die ein gegebenes Pixel und seine Nachbarpixel umfasst, auswertet und das Drosselsignal (807, 907) bereitstellt,
um die Helligkeit eines maximalen Pixels um einen Betrag einzustellen, der ausreicht, um den Helligkeitswert
des maximalen Pixels in den durch den Dynamikbereichsbegrenzer (654, 815) erzwungenen Dynamikbereich
zu bringen; wobei die Helligkeiten von an das maximale Pixel der aufeinanderfolgenden Pixel angrenzenden
Pixeln, die die Dynamikbereichsgrenzwerte nicht übersteigen, erhöht werden.

Revendications

1. Système d’affichage (100) ayant une source lumineuse (301), une optique de relais (300), un élément optique (210),
un réseau (500) de modulateurs de lumière, un sous-système électronique (800, 900) pour le traitement d’un signal
vidéo d’entrée (601, 801) comprenant des données de pixel (620) formant une matrice (450) de pixels, une optique
de projection (200) et un écran d’affichage (499), le sous-système électronique (800, 900) pilotant le réseau (500)
de modulateurs de lumière, dans lequel
la lumière provenant de la source de lumière (301) est transmise via l’optique de relais (300) à l’élément optique
(210), l’élément optique (210) réfléchit la lumière transmise sur le réseau (500) de modulateurs de lumière et la
lumière modulée par le réseau (500) de modulateurs de lumière est projetée sur l’affichage (499) via l’optique de
projection (200), où
l’élément optique (210) réfléchit de manière séquentielle la lumière transmise sur le réseau (500) de modulateurs
de lumière selon un premier angle (ϕ1) et selon un deuxième angle (ϕ2) de sorte que la lumière projetée sur l’écran
d’affichage (499) par le réseau (500) de modulateurs de lumière forme un premier groupe de pixels (410) et un
deuxième groupe de pixels (430) sur l’écran d’affichage de telle manière que les premier et deuxième groupes de
pixels sont superposés et décalés l’un par rapport à l’autre suivant une distance prédéterminée afin de former la
matrice (450) de pixels,
le sous-système électronique (800, 900) comprenant :

un processeur de luminosité de pixel (802) configuré pour recevoir le signal vidéo d’entrée (801) comprenant
les données de pixel (620) et pour appliquer un filtre d’écrêtage au signal vidéo d’entrée (801) afin de réduire
la distorsion de l’intensité de pixel causée par le chevauchement des premier et deuxième groupes de pixels
(410, 430) et de produire une sortie traitée en luminosité (803) ;
un additionneur (808) configuré pour recevoir la sortie traitée en luminosité (803) et le signal vidéo d’entrée
(801) et pour produire un signal vidéo écrêté (862) incluant des valeurs de luminosité pour la combinaison des
premier et deuxième groupes de pixels (410, 430), un circuit d’étranglement (825) configuré pour recevoir le
signal vidéo écrêté (862) et pour produire un signal d’étranglement (807) en fonction du signal vidéo écrêté
(862), ledit signal d’étranglement agissant comme un facteur d’échelle ;
une unité de mise à l’échelle (804, 904) configurée pour recevoir à la fois le signal d’étranglement (807) et la
sortie traitée en luminosité (803) et pour mettre à l’échelle la sortie traitée en luminosité (803) afin de produire
un signal de sortie (804) en fonction dudit facteur d’échelle et de la sortie traitée en luminosité (803), ledit signal
de sortie comprenant des données de pixels ajustés (678), la combinaison des premier et deuxième groupes
de pixels superposés étant basée sur lesdites données de pixels ajustés ; et
un limiteur de plage dynamique (654, 815) configuré pour recevoir ledit signal de sortie et pour limiter la valeur
d’intensité lumineuse des pixels fournis par les données de pixels ajustés à la plage dynamique affichable par
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le système d’affichage (100).

2. Système d’affichage (100) selon la revendication 1 dans lequel le circuit d’étranglement (825, 925) produit le signal
d’étranglement (807) en réduisant le signal vidéo écrêté (862) pour les pixels dans les premier et deuxième groupes
de pixels (410, 430) en fonction du degré suivant lequel des valeurs d’intensité dépassent une limite de plage
dynamique de la plage dynamique.

3. Système d’affichage (100) selon la revendication 2 comprenant en outre un deuxième additionneur (818)
configuré pour recevoir le signal vidéo d’entrée (801) et le signal de sortie de l’unité de mise à l’échelle (804, 904) ;
dans lequel le deuxième additionneur (818) ajoute le signal de sortie de l’unité de mise à l’échelle (804, 904) au
signal vidéo d’entrée (801) ; et
dans lequel la sortie de deuxième additionneur (919) du deuxième additionneur (818) comprend le signal de sortie
du limiteur de plage dynamique (654, 815).

4. Système d’affichage (100) selon la revendication 1, dans lequel le circuit d’étranglement comprend :

un estimateur d’écrêtage (951, 953) qui reçoit le signal vidéo écrêté (862, 906) ;
un circuit d’étalement (955) comprenant un filtre bidimensionnel (320) qui reçoit la sortie de l’estimateur d’écrê-
tage (951, 953) pour des pixels successifs de la matrice (450), évalue une partie de la sortie comprenant un
pixel donné ainsi que ses pixels voisins et fournit le signal d’étranglement (807, 907) de manière à ajuster
suffisamment la luminosité d’un pixel maximal pour amener la valeur de luminosité du pixel maximal dans la
plage dynamique imposée par le limiteur de plage dynamique (654, 815); où la luminosité des pixels adjacents
au pixel maximal des pixels successifs qui ne dépassent pas les limites de la plage dynamique est augmentée.
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