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FI ELD OF THE | NVENTI ON This invention rel atés Yo Frafe \ sYst
usrgg_spatial | i ght nmodul ators (SLMs), and nore particularly to a

projection display system designed for high brightness, high c??érast
appl i cations, such as displays in neeting roons and | ecture hal §¢ éwn
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DMD-BASED PROJECTOR
FOR INSTITUTIONAL USE

/

TECHNICAL FIELD OF THE INVENTION

This invention relates to image display systems
using spatial light modulators (SLMs), and more
particularly to a projection display system designed for
high brightness, high contrast appiicat_ions, such as

displays in meeting rooms and lecture halls.




BACKGROUND OF THE | NVENTI ON Vi deo di splay systens based on spati al
| i ght nodul ators (SLMs) are increasingly being used as an alternative to
di spkay systens using cathode ray tubes (CRTs). SLM systens provide high
resol ution displays without the bul k and power consunption of CRT systens.
Digital micro-mrror devices (DVDs) are a type of SLM and may be used for
proj éction di splay applications. The images provi ded by a DVD conpare
favorably with those provided by CRTs and can be projected to a screen in
di mensi ons surpassing today's | arge screen tel evisions. A DMD has an
array of m cro-nmechanical display el enent €, each having a tiny mrror that
I's individually addressabl e by an el ectronic signal. Depending on the state
of its addressing signal, each mrror tilts so that it either does or does
not reflect light to the inage plane, thereby nodulating |ight incident on
the DMD. The mrrors may be generally referred to as "display el enents”,
whi ch cor r es pondRASasaeiiad; Qo i ANVEl L% ge t hat they generate. General ly,
di spl ayi ng pi xel dat &iggcaafspNaly gp@pengybggadi&g dPRRRRY TeUes connected to
the display elenments. The display elenments can maintain their on or off
state for contrordulagossl s§LMgImase increagingly RedndoyELdtds A sinil ar
principles, with R o} ' SRt tcatRY ) flect
i ght simul taneoﬁs ﬁ{agggﬁ %%g%i%gllg%nﬁ ete i?r%%‘ggaics geﬁgg%}ég{uﬁe%

(CRTs). SLM systems provide high resolution displays

without the bulk and power consumption of CRT systems.

Digital micro-mirror devices {(DMDs} are a type of
SLM, and may be used for projection display applications.
The images provided by a DMD compare favorably with those
provided by CRT:s and can be .projected to a screen in
dimensions surpassing today’s large screen televisions.

A DMD ﬁas an array of micro-mechanical display
elements, each having a tiny mirror that is individually
addressable by an electronic signal. Depending on the
state of its addressing signal, each mirror tilts so that
it either does or does not reflect light .to the image
plane, thereby modulating light incident on the DMD. The
mirrors may be generally referred to as "display
elements®, which correspond to the pixels of the image
that they generate. Generally, displaying pixel data is
accomplished by loading memory cells connected to the
display elements. The display elements can maintain
their 6n or off state for controlled display times.

Other SLMs operate on similar principles, with an
array of display elements that may emit or reflect light

simultaneously, such that a complete image is generated



3 by addressing display el enents rather than by scanning a screen.
Anot her exanple of an SLMis a liquid crystal display (LCD) having

i ndi ¥i dual Iy driven display el enents. For all types of SLMs, notion
di spl ays are achieved by updating the data in the SLMs nenory cells at
sufficiently fast rates. To achieve internediate levels of illum nation,

bet ween white (on) and black (off), pulse-w dth nodul ati on (PWW) techni ques
are used. The basic PWM schene involves first determning the rate at which
i mges are to be presented to the viewer. This establishes a frame rate and
"a corresponding frame period. For exampl e,y in a standard television system
i mages are transmtted at 30 frames per second, and each franme |asts for
approximately 33.3 mlliseconds. Then, the intensity resolution for each

pi xel is established. In a sinple exanple, and assuming n bits of
resolution, the frame tine is divided into 2[err]-1 equal tine slices. For

a 33.3 mllisecopd ﬁﬁg ri bit in LLy,.val ues e tine slice
is 33.3/(2[err] %’ irﬁi [ ssgg n%{épfi';g é1 ?/'}r'nsg gggg%lﬁ'hs%eggt ﬁ%gslgutnldn%s, for
each pi xel of easéréemne Anpthet exampheidf ah SLM fjpantligmdd srydrdlhat bl ack-

Sii ce,  and maxi nHPBITGNRBLhPeing) Sped iy SF1vtn HERIA i el s
quantized intenselemélirmines its on-tinme during a frane period. Thus,
during a frane . .

For all types of SLMs, motion displays are achieved
by updating the data in the SLM’'s memory cells at
sufficiently fast rates. To achieve intermediate levels
of illumination, between white {on) and black {off},
pulse-width modulation (PWM) techniques are used. The
basic PWM scheme involves first determining the rate at
which images are to be presented to the viewer. This
establishes a frame rate and a corfesponding frame
period. For ekample, in a standard television system,
images are transmitted at 30 frames per second, and each
frame lasts for approximately 33.3 milliseconds. Then,
the intensity resolution for each pixel is established.
In a simple example, and assuming n bits of resolution,
the frame time is divided into 2°-1 equal time slices.

For a 33.3 millisecond frame period and n-bit intensity
values, the time slice is 33.3/(2"-1) milliseconds.

Having established these times, for each pixel of
each frame, pixel intensities are quantized, such that
black is 0 time slices, the intensity level represénted
by the LSB is 1 time slice, and maximum brightness is 2"-1
time slices. Each pixel's quantized intensity determines

its on-time during a frame period. Thus, during a frame



4 period, each pixel with a quantized value of nore than O is on for
the nunber of tinme slices that correspond to its intensity. The viewer's
eye integrates the pixel brightness so that the i nage appears the sane as
if it were generated with analog |evels of light. - For addressing SLMs,
PW calls for the data to be formatted into "bit-planes”, each bit-plane
corresponding to a bit weight of the intensity value. Thus, if each pixel's
intensity is represented by an n-bit value, each frame of data has n
bit-planes. Each bit-plane has a 0 or 1 value for each display element. In
t he PWM exanpl e described in the preceding par agr aphs, during a frame, each
bit-plane is separately | oaded and the di Splay el enments are addressed
according to their associated bit- plane values. For exanple, the bit-plane
representing the LSBs of each pixel is displayed for 1 time slice, whereas
the bit-plane representing the MSBs is displayed for 2n/2 time slices.

Sk based di Pl B 84! WO REDP e ' bl Llfue '98ek"Bhan SoPL for

Al D conversi on anal og in
is on for the number of time slices that correspond to

its intensity. The viewer's eye integrates the pixel
brightness so that the image appears the same as if it’
were generated with analog levels of light.

For addressing SLMs, PWM calls for the data to be
formatted into "bit-planes”, each bit-plane corresponding
to a bit weight of the intensity value. Thus, if each
pixel's intengity is represented by an n-bit value, each
frame of data has n bit-planes. Each bit-plane has a 0
or 1 value for each display element. In the PWM example
described in the preceding paragraphs, during a frame,
each bit-plane ig separately loaded and the display
elements are addressed according to their associated bit-
plane values. For example, the bit-plane representing
the LSBs of each pixel is displayed for 1 time slice,
whereas the bit-plane representing the MSBs is displayed
for 2n/2 time slices.

SLM-based dipplay systems can be all-digital in the.
sense that, exéept for A/D conversion of analog inputs at
the front end, all data piocessing as well as the display
process are digital. Dispiay systemg are being develope'd
that optimize this all-digital capability.



the front end, all data processing as well|l as the display process are
digital. Display systens are being devel oped that optimze this all-digita
capability. SUMMARY OF THE | NVENTI ON One
aspect of the invention is a projection display systemfor displaying

| mages from data obtained froman input signal that may be one of a variety
of input signals, each having a different horizontal and vertical i nput
resolution. The system uses serial video processors (SVPs) having a given

i nput size and spatial |ight nodulators (SLMs) having a given vertical and
hori zontal output .resolution. An anal og s¢gnal interface provides YUV or
RGB data if the input signal is an analog input signal. It det.ects a signal

type of the anal og i nput signal and provides a control signal indicating
the signal type, and has an anal og-to-digital converter that sanples the
anal og 1 nput signal. A YUV-data processing unit receives the YUV data and
the control sigggumary dreenp frveMrIaRd a second SVP that performinterlaced

to progressive scan conversion i n response to the control ‘
One aspect of the invention is a projection display

system for displaying images from data obtained from an
input signal that may be one of a variety of input
signals, each having a different horizontal and vertical
input resolution. The system uses serial video
processors {SVPs] having a given input size and spatial
light modulators (SLMs) having a given vertical and .
horizontal output resolution. An analog signal interxface
provides YUV or RGB data if the input signal is an analog
input signal. It detects a signal type of the analog
input signal and provides a control signal indicating the
signal type, and has an analog-to-digital converter that
samples the analog input signal. A YUV-data processing
. unit receives the YUV data and the control signal. It
has a first and a second SVP that perform interlaced to
progressive scan conversion in response to the control
signal. A digital signal interface provides RGé data if
the input signal is a digital input signal. It detects a
signal type of the digital input signal and provides a
control signal indicating the signal type. It provides
‘the RGB data on chéee data paths, one data path for each
RGB color. An RGB-data processing unit receives THE RGB
data and the control signal. It has three duplicate sets
of components, one for each data path from the digital

signal interface. Each set of components has FIFO



signal. A digital signal interface provides RGB data if the input signa
a digital input signal. It detects a signal type of the digital input
signdl and provides a control signal indicating the signal type. It

provi des the RGB data on three data paths, one data path for each RGB

col or,., An RGB-data processing unit receives THE RGB data and the control
signal. It has three-duplicate sets of conponents, one for each data path
fromthe digital signal interface. Each set of components has FI FO
(first-in first-out) nmenories for creating nmultiple subpaths within the
RGB- dat a processing unit, down- scaling grocessors for decreasing the
hori zontal input resolution to the SVP input size, and an SVP for
perform ng vertical scaling in response to the RG control signal. A
picture quality unit receives data fromboth the YUV-data processing unit

i's

and the RGB-data processing unit. It has a matrix nmultiplier for performng

col or space CONyGhEt0in! fiddtCole dnendrYbl £t TreachA@kmiltipabl e for

perform ng de-gamma, and FIFO nenories for providing data to a frame nenory

on multiple subpaths within the RGB-data processing unit, down-
scaling processors for decreasing the horizontal input
resolution to the SVP input size, and an SVP for
performing vertical scaling in response to the RGB
control signal. A picture quality unit receives data
from both the YUV-data processing unit and the RGB-data
processing unit. It has a matrix multiplier for
performing color space conversion if the data is YUV
data, a look-up table for performing de-gamma, and FIFO
memories for providing data to a frame memory on multiple
data paths, thereby providing display-ready RGB data. A
frame memory has formatting circuitry for formatting the
display-ready RGB data into bit-plane format and has _
- memory cells for storing the display-ready RGB data for
delivery to the SiMs. Three SLMs, one for each color,
generating images based the disblay-ready RGB data. A
timing unit is in data communication with each of the
above elements of the system. It receives the control
signal from either the analog or the digital interface
and delivers timing signals in response to the control
gignal.
A technical advantage of the invention is that it
provides a DMD-based projection display system that is
suitable for institutional and professional applications,

such as in auditoriums. The display is bright even when



data paths, thereby providing display-ready RGB data. A franme nenory has
formatting circuitry for formatting the display-ready RGB data into
bit-plane format and has nenory cells for storing the display-ready RGB
data for delivery to the SLMs. Three SLMs, one for each col or, generating
| mages based the di splay-ready RGB data. Atimng unit is in data

comuni cation with each of the above elenents of the system It receives
the control signal fromeither the analog or the digital interface and
delivers timng signals in response to the control signal. A techni ca
advantage of the invention is that it proyi des a DVD-based projection

di splay systemthat is suitable for institutional and professional
applications, such as in auditoriuns. The display is bright even when

7 projected to a very large screen, and the picture quality neets high
per f or mance expectati ons. The systemis capabl e of providing displays
froma variety ' ' aksredd. 39 880k Qid183d data
pat hs for YUV a%%og&;'%%fég h| S pet%?ts f eﬂsama aﬁconpgne%:ms 1t(?dbe used

as are used for meets high performance expectations.

The system is capable of providing displays from a
variety of different input signals. It has separate
front end data paths for YOV and RGB data. This permits
the same YUV components to be used as are used for
television display systems. The use of two paths also
increases available SVP pregramming capacity for scaling
functions. The two paths will permit the system to be
easily modified for overlaying images from the two paths.
Developments in digital RGB inputs or in other inputs
such as HDTV, can be accommodated without affecting the
YOV data path. The system can algso receive data that is
already processed.

With reépect to the data processing units, serial
video processors (SVPs) are used for interlaced scan to

. progressive scan conversion of YUV data and for scaling
both YUV data’and RGB data. The system is designed so
that all data processing stays within bandwidth
limitations of its internal components. This may require
the data to be modified to match the SVP size (by
horizontal down-scaling) as well as the SIM resolution
(by horizontal or vertical scaling).

The system is easily adaptable to SLMs having
different resolutions. For SLMs Having higher

resolutions, the system is configured to meet bandwidth



tel evision display systens. The use of two paths al so increases avail abl e
SVP progranm ng capacity for scaling functions. The two paths will permt
the Systemto be easily nodified for overlaying i mages fromthe two paths.
Devel opnents in digital RGB inputs or in other inputs such as HDTV, can be
accomnodat ed w t hout affecting the YUV data path. The system can al so
receive data that is already processed. Wth respect to the data
processing units, serial video processors (SVPs) are used for interlaced
scan to progressive scan conversion of YUV data and for scaling both YUV
data and RCB data. The systemis designeg so that all data processing
stays within bandwidth limtations of its internal conponents. This may
require the data to be nodified to nmatch the SVP size (by horizontal
down-scaling) as well as the SLMresolution (by horizontal or vertical
scaling). The systemis easily adaptable to SLMs having different
resolutions. For SLMs having higher resolutions, the syst i s,gonfigured
to.meet bandwi dfgquirements %or roducing images at vigeo Yerdel.! S1& 9

general, the larger the SLM resolution, the greater the

bandwidth required for real time displays. The required

data throughput for picture quality processing, frame

memory, and formatting is achieved with parallel data

paths. As higher resolution SLMs become available and in

demand, the underlying architecture will support their

use without new component designs.



requirenents for producing inmages at video rates. In general, the |arger
the SLMresolution, the greater the bandw dth required for real tine

di spl’ays. The required data throughput for picture quality processing,
frame nenory, and formatting is achieved with parallel data paths. As

hi gher resolution SLMs becone avail able and in demand, the underlying
architecture will support their use w thout new conponent designs.

BRI EF DESCRI PTI ON OF DRAW NGS FIGURE 1 is a bl ock diagram of the
basel i ne conponents of a projection display systemin accordance with the

I nventi on. FIGURE 2 in a block diagramof a display system configured
for SLMs having a resolution of 768 x 5767 FIGURE 3 is a block di agram
of the YUV-data processing unit of the system of FlIGURE 2. FIGURE 4 is
a bl ock diagram of the RGB-data processing unit of the system of FlIGURE 2.
FIGURE 5 is a block diagramof a display systemconfigured for SLMs havi ng
a resolution of 864 x 576.

FIGURE 1 is a block diagram of the baseline
components of a projection display system in accordance
with the invention.

FIGURE 2 is a block diagram of a display system
configured for SLIMs having a resolution of 768 x 576.

FIGURE 3 is a block diagram of the YUV-data
processing unit of the system of FIGURE 2.

FIGURE 4 is a block diagram of the RGB-data
processing unit of the system of FIGURE 2.

FIGURE 5§ is a block diagram of a display system
configured for SIMs having a resolution of 864 x 576.

FIGURE 6 ig a block diagram of a display system
configured for SIMs having a resolution of 1024 x 768.

FIGURE 7 is a block diagram of the YUV-data
processing unit of the system of FIGURE 6.

FIGURE B8 is a block diagram of the RGB-data
processing unit of the system of FIGURE-G.

FIGURE 9 is a block diagram of a display system -
configured for SiMs having a resolution of 1280 x 1024.

FIGURE 10 is a block diagram of the picture quality
unit of FIGUREs 1, 2, 5, 6, and 9.

FIGURE 11 is a block diagram of the data
communication between the picture quality unit and the

format/memory unit of FIGUREs 6 and 9.



FIGURE 6 is a block diagramof a display system configured for SLMs havi ng
a resolution of 1024 x 768. FIGURE 7 is a bl ock diagram of the
YUV-dat a processing unit of the system of FIGURE 6. FIGURE 8 is a

bl ock di agram of the RGB-data processing unit of the system of FI GURE 6.
FIGURE 9 is a block diagramof a display systemconfigured for SLMs havi ng
a reSolution of 1280 x 1024. FIGURE 10 is a block diagram of the
picture quality unit of FIGUREs 1, 2, 5, 6, and 9. FIGURE 11 is a

bl ock di agram of the data conmunication between the picture quality unit
and the format/nmenory unit of FIGUREs 6 and 9.

10 DETAI LED DESCRI PTION OF THE | NVENTI,ON Overvi ew of SLM Based
Projection Display System FIGURE 1 is a block diagramof a projection
di spl ay system 10, which uses nultiple SLMs 18 to generate real -

DETAILED DESCRIPTION OF THE INVENTION

Qverview of SIM-Based Projection Display System

FIGURE 1 is a block diagram of a projection display
system 10, which uses multiple SIMs 18 to generate real-
time images from a YUV or an RGB video sighal. Three
SLMs 18 each generate an image of a different color --
red, green, and blue -- with the images combined for a
full color display. Only those components significant to
main-screen pixel data processing are shown. Other
components, such as might be used for processing
synchronization and audio signals or secondary screen
features, such as closed captioning, are not shown.

For purposes of this description, system 10 has DMD-
type SIMs 18. Comprehensive descriptions of DMD-based
digital display systems, without features of the present
invention, are set out in U.S. Patent No. 5,079,544,
entitled "Standard Independent Digitized Video System*,
in U.S. Patent Sexial No. 08/147,249, entitled "Digital
Televisgion System®, and in U.S. Patent No. 5,452,024,
entitled "DMD Display System.® Each of these patents and
patent applications is assigned to Texas Instruments
Incorporated, and each is incorporated by reference
herein. System 10 could also be used with other types of
SLMs that have operating characteristics similar to DMDs,
notably, the use of RGB bit-plane data.



time imges froma YUV or an RG video signal. Three SLMs 18 each generate
an inmage of a different color -- red, green, and blue -- wth the inages
combi’ned for a full color display. Only those conponents significant to
mai n- screen pixel data processing are shown. O her conponents, such as

m ght. be used for processing synchronization and audi o signals or secondary
screen features, such as closed captioning, are not shown. For

pur poses of this description, system 10 has DMD- type SLMs 18.

Conpr ehensi ve descriptions of DVD-based digital display systens, wthout
features of the present invention, are sefgout in U S Patent No.
5,079,544, entitled "Standard I ndependent Digitized Video Systenf, in U S
Pat ent Serial No. 08/147,249, entitled "Digital Television Systenf, and in
U.S. Patent No.' 5,452,024, entitled "DVD Di splay System " Each of these
patents and patent applications is assigned to Texas Instrunents

| ncor porated, and earle iinvieheR6poifididtebed Al BYBLERID thabyséem 10 coul d
al so be used w th other t&gﬁs of SLMs that have operatin% characteristics

sinilar to DVDsS3R8PL®|QL Hereiving Jmprtpsignals fremqatyariety of

sources. The input may be analog, resulting in YUV or
RGB data, or digital, resulting in RGB data. Each type
of data has its own front-end data path, comprised of a
signal interface 12 or 14 and a processing unit 13 or
1s.
Both YUV-data processing unit 13 -and RGB-data
processing unit 15 may be implemented with one or more
processors of a type known as serial video processors
(SVPs). The SVP is a programmable processor manufactured
by Texas Instruments Incorporated. The core of the SVP
is a one dimensional array of one-bit processing
elements, which form a SIMD architecture. Each
processing element corresponds to one pixel of a line of
video data. In the example 6£ this description, each SVP
processes 960 pixels. Each SVP has a 40 bit wide data
input register and a 24 bit wide data output register.
Data: input, computation, and data output are concurrent
operations. The data rates of the input and output
registers are both 33 MHZ. As explained below, the SVPs
include memory for storing programming, and depending on-
the type of input signal, programm@ng appropriate for
that signal is selected and executed.
A feature 6f the invention is the use of SVPs in YUV

processing unit 13 and in RGB processing unit 15 in a



The invention is directed to a system 10 that is capable of receiving

I nput signals froma variety of sources. The input may be anal og,
resulting in YUV or RGB data, or digital, resulting in RGB data. Each type
of data has its own front-end data path, conprised of a signal interface 12
or 14, and a processing unit 13 or 15. Bot h YUV-data processing unit 13
and RGE-data processing unit 15 may be i nplenented with one or nore
processors of a type known as serial video processors (SVPs). The SVP is a
programuabl e processor manufactured by Texas Instrunents |ncorporated. The
core of the SVP is a one dinensional array of one-bit processing el enents,
which forma SIMD architecture. Each proaessing el enent corresponds to one
pi xel of a line of video data. In the exanple of this description, each
SVP processes 960 pixels. Each SVP has a 40 bit w de data input register
and a 24 bit wde data output register. Data input, conputation, and data
out put are concurrent operations. The data rates of the input and out put
regi sters are boahn&3 tHdE. pdemitep hagheatkdedutdpnt irtaded?s TActhele nenory for

ST o0, o 0% ST SRR KR et S BF Bl A 19 Sl 0 I
i nvention is thehesmumierSYPsprdoceddingrekmmentedofintlie X¥pand ddwnRCB
processi ng unitségligﬁi%rocess is performed before the data enters the
SVP. 1If the required processiﬁg exceeds the programming
capability of a single SVP, multiple SVPs are connected
serially, each programmed to perform different functions.
Another feature of the invention is re-useability of
componente. As explained below, for a given system 10,
each SLM 18 has a specific image resolution, which means
that it displays each image using a certain number of
display elements per row (horizontal resolution} and a
certain number of rows per frame (vertical resolution).
This image resolution determines how system 10 must be
configured téhmeet data rate requirements for real time
displays. Processing as well as parts configuration is
also affected by the SILM resolution. Data may be down-
sampled to fit the SVP size and then upscaled to fit the
horizonal resolution of SLMs 18. Both types of
horizontal scaling (down-scaling and upscaling) may be
implemenged with parts having the same basic
architecture. As the resolution of SLMs 18 increases,
system 10 is easily modified by using parallel data paths

for picture quality, frame buffering, and formatting
tasks. '



12 manner that permts high resolution imges. |f the nunber of active
pi xel s per row of the SLMs 18 exceeds the nunber of processing el enents of
t he «SVP, a down- scaling process is performed before the data enters the
SVP. If the required processi ng exceeds the programm ng capability of a
single SVP, nultiple SVPs are connected serially, each programred to
performdifferent functions. Anot her feature of the invention is
re-useability of components. As expl ained below, for a given system 10,
each SLM 18 has a specific imge resolution, which nmeans that it displays
each imge using a certain nunber of disphgy elenents per row (horizontal
resolution) and a certain nunber of rows per frane (vertical resolution).
This i mage resol ution determ nes how system 10 nmust be configured to neet
data rate requirenents for real tine displays. Processing as well as parts
configuration is also affected by the SLMresolution. Data may be down-
sanpled to fit the SWeferZinfind theneprSFakbedodgbrientst 8 FuBUREODAI
resolution of SLMs _18. ,Both types of horizontal scali, (down-scal i ng and
upscal i ng) nmay B3NS éﬁﬁﬁf@’d'y’v\ﬂl?h”‘b%’r‘t"§sh§9i W%%"%gg@ frgnat. such
architecture. Asad i weso| WA sebap] My 4348 Neredslgnatystma 10 is easily

nodi fied by using parallel data paths for picture quality, frapme buffering,
and formatting t wing table lists these analog input signals, the

number of active lines per frame in the source, and the

number of rows displayed by each SLM 18.

Videoformat Source Line DMD Display
Resolution Reac}ution
NTSC 483 1280x960
PAL 877 1536x1080
SECAM 577 ' 1536x1080
Wide NTSC _ 483 1706x960

These signals arrive as interlaced fields, with
alternating fields of even rows and odd rows. Each of
these signals result in color difference (YUV) data. As
indicated in FIGURE 1, it is also possihlé that the
analog input signal could be an RGB signal, resulting in
RGB data. 1In this case, the analog interface 12 would
it provide RGB data to RGB-data processing unit 15 rather
than to YOV processingtunit 13.
Analog interface 12 detects the type of input
signal, and delivers azéontrSI signal to timing unit 19

to indicate the field rate, line rate, and sample rate.



13 Referring to the specific conmponents of FIGURE 1, anal og

I nterface 12 receives an anal og video signal, such as an NISC, PAL, SECAM
or 4’43 NTSC signal. The following table |lists these anal og i nput signals,
t he nunber of active linen per frame in the source, and the nunber of rows

di spl.ayed by each SLM 18. Vi deoFor mat Source Line ~ DWVD
D spl ay Resol ution Resol ution

NTSC 483 1280x960 PAL

577 . 1536x1080 SECAM 577

1536x1080 W de NTSC 483 1706x960  These
signals arrive as interlaced fields, with alternating fields of even rows
and odd rows. Each of these signals- result in color difference (YUV) data.
As

It also delivers a control signal to YUV-data processing
unit 13 {(for YUV data) or to RGB-data processing unit 15
{for RGB data), for selecting the appropriate processing
for that type of signal. Analog interface 12 separates
video, synchronization, and audio signals. It includes
components for A/D conversion and Y/UV separation, by
which the signal is converted to pixel-data samples and
the luminance ("Y") data is separated from the
chrominance ("OV*) data. The signal may be conierted to
digital data before Y/UV separation, or Y/UV separation
could be performed before A/D conversion. Regardless of
the order of Y/UV separation and A/D conversion, the
output is referred to herein as "YUV data* and is
comprised of data representing luminance and chrominance
information.

Analog interface 12 supports different input signals
by éampling the analog signal at different pixel rates.
Color-difference signalg, such as NTSC signals, may be
sampled in accordance with color burst rates, and if
there are a different number of samples than the

. horizontal resolution of SILMs 18, pixels may be added or
removed by YUV processing unit 13. Alternatively, the
luminance component may be sampled by simply dividing the
active line period into the appropriate number of sample
for the horizontal resolution of SLMs 18, and the

chrominance component sampled at the color burst rate and



indicated in FIGURE 1, it is also possible that the anal og i nput signal
could be an RG signal, resulting in RG data. In this case, the anal og
interface 12 woul d provide RGB data to RGB-data processing unit 15 rather
than to YUV processing unit 13. Anal og interface 12 detects the type
of input signal, and delivers a control signal to timng unit 19 to
indicate the field rate, line rate, and sanple rate.

14 It also delivers a control signal to YUV-data processing unit 13
(for YUV data) or to RGB-data processing unit 15 (for RGB data), for

sel ecting the appropriate processing for that type of signal. Anal og

i nterface 12 separates video, synchronizgtion, and audio signals. It

i ncl udes conponents for A/D conversion and Y/ UV separation, by which the
signal is converted to pixel-data sanples and

later scaled. This latter method is described in U.S.
Patent No. 5,347,321, entitled "Color Separator for
Digital Television System*. AaAnother sampling method is
described in U.S. Patent Serial No. 60/003,045, entitled
"Color Demodulation for Digital Television." This patent
and. patent application are assigned to Texas Instruments
Incoxrporated and are inéorporated by reference herein. A
sample rate of less than 75 Mps will maintain TTL logic
throughout the system 10. Greater sample rates can be
achieved by using ECL to TTL conversion after the
appropriate bandwidth reduction using FIFO memory. The
data provided by énalog interface 12 has a certain
horizontal and vertical data resolupfbn, which may or may
not be down-sampled or upscaled, depending on the size of
the resolution compared to the input size of any SVP(s)
used for processing the data and the image resolution of
the SLMs 18.

YUV-data processing unit 13 prepares the YUV data
for display, hy.péiﬁorming various data processing tasks.
Processing unit 13 may include whatever processing memory
is useful for such tasks, such as field and line buffers.
The tasks performed by processing unit 13 includé
conversion frém'inéérléced to ﬁrog:eséive scan format
{(proscan), scaling, and sharpness control. Interlaced to
progressive scan conversion operates on interlaced fields

of input data, and generates new data to £fill in odd



the lum nance ("Y") data is separated fromthe chrom nance ("UV') data.
The signal may be converted to digital data before Y/ UV separation, or Y/ W
separation could be perforned before A/D conversion. Regardless of the
order of Y/ UV separation and A/D conversion, the output is referred to
herei.n as "YUV data" and is conprised of data representing |um nance and
chrom nance information. Anal og interface 12 supports different input
signals by sanpling the anal og signal at different pixel rates.
Col or-difference signal's, such as NTSC signals, may be sanpled in
accordance with color burst rates, and if there Are a different nunber of
sanpl es than the horizontal resolution offéSLMs 18, pixels nmay be added or
renoved by YUV processing unit 13. Al ternatively, the | um nance conponent
may be sanpled by sinply dividing the active line period into the
appropriate nunber of sanple for the horizontal resolution of SLMs 18, and
t he chrom nance conponent sanpled at the color burst rate and

lines of even fields and even lines of odd fields.

Scaling is the process of changing image resolution, with
horizontal scaling changing ﬁhe number of active pixels
per line and vertical scaling changing the number of
active lines per framwe.

If the input signal is digital data, a digital
interface 14 receives the data and detects the type of
input signal. It delivers a control signal to timing
unit 19 indicating the frame rate and horizontal and
vertical resolution, as well as a control signal to RGB-
data processing unit 15 to select the appropriate

. processing. It also performs whatever buffering and

- timing tasks are needed to prepare the data for

processing. This data is assumed to be progressively
scanned RGB data, such as are the VGA and SVGA formats.
Like the YUV data, the RGB data provided by digital
interface 14 has a certain horizontal and vertical data
resolution, ' which may or may not be down-sampled or
upscaled, depending on the size of the resolution
compared to the input size of the SVP{s) used for

processing the data and the image resolution of the SLMs
is.

RGB-data processing unit 15 receives RGB data from
either analog interface 12 or digital interface 14. It
prepares the RGB data for display, and may include

whatever processing memory is useful for such tasks, such



| ater scaled. This latter nethod is described in U S. Patent No. 5,347,321,
entitled "Color Separator for Digital Television Systenf. Another sanpling
method is described in U S. Patent Serial No. 60/003,045, entitled "Col or
Denodul ation for Digital Television.” This patent and patent application
are assigned to Texas Instrunents Incorporated and are incorporated by
reference herein. A sanple rate of less than 75 Mps will maintain TTL | ogic
t hroughout the system 10. Greater sanple rates can be achi eved by using ECL
to TTL conversion after the appropriate bandw dth reduction using FIFO
menory. The data provided by analog interface 12 has a certain horizontal
and vertical data resolution, which may @ may not be down-sanpl ed or

upscal ed, depending on the size of the resolution conpared to the input
size of any SVP(s) used for processing the data and the i mage resol ution of
the SLMs 18. YUV-data processing unit 13 prepares the YUV data for

di splay, by perform ng various data processing tasks. Processing unit 13

may i ncl ude whade£\ElelR 8A&SEIr¥) BWREREY. | TheSBhsks f¥readnba tBys Bp-SuUch as
field and Iine buffers. The tasks performed by processing unit 13 include

conversi on frorf3%® SPseesing Wwisqlssincladec anatingrmshappesasan), scal i ng,
and sharpness cQfirQl, Lﬂaesﬂag%%teoﬂ RSl ve scan conversion operates

on interlaced fields of input data, and generates new data to fill in odd
Picture quality unit 16 performs tasks such as color

space cohversion and de-gamma. Colorspace conversion
converts Y/C data to RGB data. De-gamma undoes gamma
correction in signals intended for CRT displays and is
required hecause.unlike CRTs, DMDs are linear displays
with no inherent gamma characteristics.

Display memory/format unit 17 receives processed
pixel data from picture quality unit 16. It formats the
data, on input or on output, into ;bit-plane" format, and
delivers the bit-planes to SLMs 18 one at a time. One
SLM 18 receives red bit-planes, one SLM 18 receives blue
bit-planes, and the third SLM 18 receives green bit-
planes. As discussed in the Background, the bit-plane
format permits each display element of SLMs 18 to be
turned on or off in response to the value of 1 bit of
data at a time. In system 10, this formatting is
performed by hardware associated with display
memory/format pnit 17. However, in other embodiments,
the formatting.cﬁuld be performed by processor units 13 '
and 15 or by dedicated formatting hardware in the data
path before or after display memory/format unit 17.

In a typical display system 10, display
memory/format unit 17 has a "double buffer" memory, which



16 lines of even fields and even lines of odd fields. Scaling is the
process of changing i mage resolution, with horizontal scaling changing the
nunber of active pixels per line and vertical scaling changi ng the nunber

of active lines per frane. If the input signal is digital data, a
digital interface 14 receives the data and detects the type of input o
signal. It delivers a control signal to timng unit 19 indicating the frane

rate and horizontal and vertical resolution,- as well as a control signal
to RGB- data processing unit 15 to select the appropriate processing. It

al so perfornms whatever buffering and timng tasks are needed to prepare the
data for processing. This data is assune g o be progressively scanned RGB
data, such as are the VGA and SVGA formats. Like the YUV data, the RGB data
provided by digital interface 14 has a certain horizontal and vertical data
resol ution, which may or may not be down-sanpl ed or upscal ed, dependi ng on
the size of the resolution conpared to the input size of the SVP s) used

for processing t a he | nage Leso [ he S . '
RGB- dat a pr ocesﬁ%&gugﬁ?é‘% rr“gge+vceag’aﬁ&§ydé% ﬁ‘?&%fﬁg%t%wé’r Iua 3?‘.% interface
12 or digital irfxameace The buffer cfoar enet Absiady datme foan despbad , owmtnd may

' ncl ude to SLMs 18 while the buffer another display frame is
"being written. The two buffers are controlled in a
*ping-pong”" manner so that data is continuously available
to SiMs 18.

The bit-plane data from display memory/format unit
17 is delivered to SIMs 18. Details of a suitable SIM 18
are set out in U.S. Patent No. 4,956,619, entitled
"Spatial Light Modulator®, which is assigned to Texas
Instruments Incérporated and incorporated by reference
herein. Essentially, each SLM 18 uses the data from
display memory/format unit 17 to address each display
element of its display element array. The "on" or “off™"
state of each display element forms an image. The data
for different colors (red, green, and blue) is
concurrently used to display three images, one on each
SLM 18.

Display optics ﬁnit 18a has optical components for
illuminating SLMs 18 and for receiving the image from
SLMs 18. The images from SLMs 18 are combined by display
optics unit 18a to produce a single image.

Master timing unit 19 provides wvarious system:
control functions. Timing unit 19 is implemented with a
field programmable gate array (FPGA). to handle different

frame resolutions and frame rates. Asg stated above, it



what ever processing nenory is useful for such tasks, such

17 as field and line buffers. The tasks perfornmed by RGE- data
processing unit 15 include scaling, sharpness control, and aperture
correction. Picture quality unit 16 perfornms tasks such as col or space

conversion and de-ganmma. Col orspace conversion converts Y/ C data to RGB
data. De-gamma undoes gamma correction in signals intended for CRT displays
and is required because unlike CRTs, DVDs are linear displays with no

i nherent ganma characteristics. Di splay nmenory/format unit 17 receives
processed pixel data frompicture quality unit 16. It formats the data, on
I nput or on output, into "bit-plane” fornpgd, and delivers the bit-planes to
SLMs 18 one at a tinme. One SLM 18 receives red bit-planes, one SLM 18
receives blue bit-planes, and the third SLM 18 receives green bit- planes.
As discussed in the Background, the bit-plane format permts each display
el ement of SLMS 18 to be turned on or off in response to the value of 1 bit

of receives a control signal from analog interface 12 or
from digital interface 14 indicating the type of input
signal, so that a corresponding frame rate, line rate,
and sample rate (if analog) can be selected. The display
frame rate of SLMs 18 is locked to the frame rate of the
input signal. For high frame rates, the data resolution
(bits per pixel) may be reduced for processing.
FIGUREs 2 - 11 illustrate four variations of system
10, each suitable for a system 10 having SLMs 18 of a -
different resolution, identified in order of increasing
resolution, as Resolution Levels 1, 2, 3, and 4. For
Resolution Levels 3 and 4, YUV-data.processing unit 13
and RGB-data processing unit 15 are modified from those
of Levels 1 and 2. For Resolution Levels 3 and ¢ picture
quality unit 16 is used in parallel paths. For
'Resolution Levelé 2, 3, and 4, the display memory/format
unit 17 uses special DMDRAM devices in parallel instead
of a VRAM as does a Level 1 system.’ '

Resolution Level 1

FIGURE 2 ie a block diagram of display system 20,
configured Eor'SLMs 18 having a resolution of 768 x §76 '
{Resolution Leveél 1). Referring to both FIGUREs 1 and 2,
system 20.has the same basic components as system 10, but

the YUV-data processing unit 13, RGB—daﬁa processing unit



data at a tine. In system 10, this formatting is performed by hardware
associated with display nenory/format unit 17. However, in other

enbodi ments, the formatting could be perforned by processor units 13 and 15
or by dedicated formatting hardware in the data path before or after

di splay nmenory/format unit 17. In a typical display system 10, display
menory/format unit 17 has a "double buffer” nenory, which

nmeans that it has a capacity for at |least two display franes. The buffer
for one display frame can be read out to SLMs 18 whil e the buffer another
display franme is being witten. The two buffers are controlled in a

"pi ng- pong" manner so that data is continyously available to SLMs 18.

The bit-plane data fromdisplay.nenory/format unit 17 is delivered to SLMs
18. Details of a suitable SLM 18 are set out in U S. Patent.No. 4,956, 619,
entitled "Spatial Light Mdulator”, which is assigned to Texas |nstrunents
I ncorporated and i ncorporated by reference

15, and display memory/format unit 17 are specific to
768 x 576 SLMs 18.

FIGURE 3 is a block diagram of the YUV-data
processing unit 13 of system 20. Referring to both
FIGUREs 2 and 3, YUV-data processing unit 13 comprises
two field delay memories 31 and 32 and two SVPs 33 and
34. The SVPs 33 and 34 implement a motion adaptive
interlaced to progressive scan conversion process, where
the method of generating additional rows of pixel data
varies depending on whether there is motion in successive
images. The field delay memories 31 and 32 and a first
SVP 33 are used to obtain a motion value, K‘, for every
pixel. The second SVP 34 generates pixel data to fill in
odd rows of even-row fields and even rows of odd-row
fields. A method of performing motion adaptive
interlaced to progressive scan conversion with an SVP
processor is described in U.S. Patent Serial No.
08/147,249, referenced above. Essentially, 4-bit K
values, as well as 8-bit pixel valgeé for a current field
and a delayed field are used to generate new 10-bit
pixels. .

SVP 34 may be further programmed to perform vertical
or horizontal scaling if the data does not fit the SLM
size. A method of performing vertical scaling with an
SVP processor is described in U.S. Patent Serial No.

08/147,249, referenced above. Typically, the data will



herein. Essentially, each SLM 18 uses the data from di splay nenory/fornmat
unit 17 to address each display elenent of its display elenent array. The
"on" or "off" state of each display elenent forns an i nage. The data for
different colors (red, green, and blue) is concurrently used to display

t hreer i rages, one on each SLM 18. Di splay optics unit 18a has optical
conponents for illumnating SLMs 18 and for receiving the i mge from SLMs
18. The inmages from SLMs 18 are conbi ned by display optics unit 18a to
produce a single inage. Master timng unit 19 provides various system
control functions. Timng unit 19 is inplemented with a field programuable
gate array (FPGA). to handle different frane resolutions and frame rates.
As stated above, it 19

receives a control signal fromanalog interface 12 or fromdigital
interface 14 indicating the type of input signal, so that a corresponding
franme rate, line rate, and sanple rate (if anal og) can be selected. The

di splay franme rle canipletiMt 18 ratel pesekting Lhefdwernsanples Gext éne

than the horizontal resolution of SIMs 18. Thus,
horizontal scaling will be some sort of interpclation
process to generate additional pixels. If the data were
sampled at a rate that resulted in more pixels per line
than the row size of SVP 33, YUV processing unit 13 woald
have an additional processor {not shown) to reduce the
number of pixels per line before the data is input to SVP
33.

For YUV-data processing, the luminance and
chrominance data can be processed at different bit-
depths. For example, luminance data, which is more
perceivable to the eye, can be processed as 10-bit data
with chrominance data being processed as 7-bit data.

FIGURE 4 is a block diagram of the RGB-data
processing unit 15 of display system 20. The data for
each color follow a different data path. These three
data paths have_ identical subunits, identified as
subunits 15(1);“15(?). and 15(3). Referring to both
FIGUREs 2 and 4, RGB-data processing unit 1S is used for
digital scaling. FIFOs 41 are double-row FIFOs, which
buffer data to reduce the data rate from digital
interface 14. The three FIFOs 41 divide the input data
rate by a factor of 3. A first FIFO 41 receives the data
for row 1, then a second FIFO receives the data for row

2, then a third FIFO receives the data for row 3. After



I nput signal. For high frame rates, the data resolution (bits per pixel)
may be reduced for processing. FIGUREs 2 - 11 illustrate four
variations of system 10, each suitable for a system 10 having SLMs 18 of a
different resolution, identified in order of increasing resolution, as

Resol ution Levels 1, 2,
processing unit 13 and
of Levels 1 and 2. For
used in parallel paths.

3, and 4. For Resolution Levels 3 and 4, YUV-data
RGB-data processing unit 15 are nodified fromthose
Resol ution Levels 3 and 4 picture quality unit 16 is

For Resolution Levels 2, 3, and 4, the display

menory/format unit 17 uses speci al DVDRAM devices in parallel instead of a

VRAM as does a Level 1

system Resghution Level 1 FIGURE 2 is a

bl ock di agram of display system 20, configured for SLMs 18 having a
resolution of 768 x 576 (Resolution Level 1). Referring to both FIGUREs 1
and 2, system 20 has the sanme basic conponents as system 10, but the
YUV-data processing unit 13, RGB-data processing unit

20 the first three rows are received in this manner, data
can be delivered from each FIFO 41 to one of three down-

scaling processors 42 along three parallel channels. As’

data for one row is being read out of a FIFO 41, data for

a new row can be written .in.

Down-scaling processors 42 are used to reduce the

data if

there are too many pixels per row to fit into SVP

43. For example, if SVP 43 has 960 processing elements

and the data has more than 960 samples per line, the data

must be downsampled. This downsampling can be as simple

as simply removing the data for the extra pixels. Down-

scaling

processors 42 can be implemented as hardwired

logic devices or with programmable processing devices. A

technique known as horizontal polyphase resampling may be

used for the down-scaling process. As explained below in
connection with FIGUREs 7 and 8, this technigue may also

be used

permits

for upscaling in higher resoclution systems and

pProcessors 42 to have the same architecture as

other horizontal scaling processors.

SVP processor 43 performs vertical scaling and

aperture correction. It may also perform horizontal

interpolation for input data if the number of samples per

lines is less than the number of pixels per row of SLMs

18. The input register of SVP 43 receives data from

down-scaling processors 42 simultaneously, such that data

for three different rows is being input in parallel.



15, and display nmenory/format -unit 17 are specific to 768 x 576 SLMs 18.
FIGURE 3 is a block diagramof the YUV-data processing unit 13 of system
20. Referring to both FIGUREs 2 and 3, YUV-data processing unit 13
conprises two field delay nenories 31 and 32 and two SVPs 33 and 34. The
SVPs.33 and 34 inplenent a notion adaptive interlaced to progressive scan
conversi on process, where the nethod of generating additional rows of pixel
data varies depending on whether there is notion in successive inmages. The
field delay nmenories 31 and 32 and a first SVP 33 are used to obtain a
notion value, K, for every pixel. The second SVP 34 generates pixel data
to fill in odd rows of even-row fields ared even rows of odd-row fields. A
nmet hod of perform ng notion adaptive interlaced to progressive scan
conversion with an SVP processor is described in U S. Patent Serial No.
08/ 147, 249, referenced above. Essentially, 4-bit K values, as well as 8-bit
pi xel values for a current field and a delayed field are used to generate
new 10-bit pixels. WitBi{R edchresubaaituls (19r -pre¢Iarere@GBedges f or m verti cal
or horizontal scaling. f the d%%a does_not fit the SLM,size.,, A nethod of

perforning vert PRATEEARE HEhi 1% SACBRS AroBcdatt Rathyds srhidy inhoy, s,
Patent Serial Nehréi/subpathf. IKEtRTCPEEcesINGG a pitGplbyer the data will

combines the subpaths back into RG or B data paths.
Referring again to FIGURE 2, for system 20,
memory/format unit 17 has a formatter and a VRAM memory,
which are two separate devices. The formatter is a field
programmable gate array (FPGA), programmed to format the
data into bit-planes. A total of 36 4-Mbit VRAM devices

are required.

Resolution Level 2

FIGURE S is a block diagram of a display system 50,
configured for SIMs 18 having a resolution of 864 x 576
(Resolution Level 2). Referring to both FIGUREs 2 and S,
system S0 is similar to system 20, but has a different
memory/format unit 17.

For 864 x S76 SIMs 18, memory/format unit 17 is
comprised of DMDRAMs, which are an application specific
device (ASIC). An example of a suitable DMDRAM is
described in U.S. Pat. Serial No. 08/160,344, entitled
*Digital Memory for Display System Using Spatial Light
Modulator®, assigned to Texas Instruments Incorporated
and incorporated by reference herein. The DMDRAM
described therein has an format on output feature but the
format could alternatively be performed on input.



21 be sanpled at a rate resulting in fewer sanples per line than the
hori zontal resolution of SLMs 18. Thus, horizontal scaling wll be sone
sort of interpolation process to generate additional pixels. |If the data
were sanpled at a rate that resulted in-nore pixels per line than the row
size of SVP 33, YUV processing unit 13 would have an additional processor
(not shown) to reduce the nunber of pixels per line before the data is

i nput to SVP 33. For YUV-data processing, the |um nance and

chrom nance data can be processed at different bit- depths. For exanple,

| um nance data, which is nore perceivable to the eye, can be processed as
10-bit data wth chrom nance data bei ng pgocessed as 7-bit data.

FIGURE 4 is a bl ock diagram of the RGB-data processing unit 15 of display
system 20. The data for each color follow a different data path. These
three data paths have identical subunits, identified as subunits 15(1),
15(2), and 15(3). Referring to both FIGUREs 2 and 4, RGB-data processing
unit 15 is used for gbhfitemdelseadtiMy]. 4Fbifiam! Heticesicidel eefoirdd fgex, which

buffer data to reduce the data rate fromdigital interface_14, The three
FIFCs 41 di vi deStHel? npvgar £o¥ fhe phree fs&glsoP-aofaS‘?“A&f PEst2 FiFoO 41

recei ves the dapmphkfmm d&¥icks hR€usdds &f Ofgktie S0l ecei ves the data for row
2, then a third FIFO receives the data for row 3. After

Resolution Level 23

FIGURE 6 is a block diagram of a display system 60,
configured-for SLMs' 18s having a resolution of 1024 x 768
{Resolution Level 3). Referring to both FIGUREs 1 and 6,
system 60 has the same basic components as system 10, but
the YUV-data processihg unit 13, RGB-data processing unit
15, and display memory/format unit 17 are specific to
1024 x 768 SLMs 18.

- FIGURE 7 is a block diagram of the YUV-data
- processing unit 13 of display system 60. Referring.to

both FIGUREs 6 and 7, YUV-data processing unit 13 has the
same unit 13 as do systems 20 and 50 for lLevels 1 and 2.
But for system 60, YOV-data processing unit 13 also
accommodates the need to upscale the data for higher
resolution SIMs 18. FIFOs 71 operate in a manner similar
to FIFOs 41 of FIGURE 4, each receiving every third row
of data. Processors 72 and 73 perform horizontal
interpolation and sharpness tasks, respectively. 1In this
system 60, the second SVP would not perform any
horizontal scaling, but rather this task is performed by

processors 72. An example of a sharpness process is



22 the first three rows are received in this manner, data can be
delivered fromeach FIFO 41 to one of three down- scaling processors 42
along three parallel channels. As data for one row is being read out of a
FI FO 41, data for a new row can be witten in. Down- scal i ng processors
42 are used to reduce the data if there are too many pixels per rowto fit
into SVP 43. For exanple, if SVP 43 has 960 processing el enents and the
data has nore than 960 sanples per line, the data nust be downsanpl ed. This
downsanpling can be as sinple as sinply renoving the data for the extra

pi xel s. Down- scaling processors 42 can be inplenmented as hardwired | ogic
devices or with progranmabl e processi ng @ vices. A technique known as

hori zont al pol yphase resanpling may be used for the down-scaling process.
As expl ai ned below in connection with FIGUREs 7 and 8, this technique may
al so be used for upscaling in higher resolution systens and permts
processors 42 to have the sane architecture as other horizontal scaling
processors. described in U.S. Patent _Serial No. 08/147,249,

referenced above.

FIGURE 8 is a block diagram of the RGB-data
processing unit 15 of display system 60. The data for
each color has an identical processing unit, identified
as units 15(1), 15(2), and 15{3). Referring to both
FIGUREs 6 and 8, RGB-data processing unit 15 is similar
to the RGB-data processing unit 15 of system 20, except
that it has a processor 84, which upscales the data if it
has been decimated to fit SVP 83. This upscaling is done
by an interpolation process aﬁd results in the data
having the same number of samples per line as display
elements per row of SIMs 18. Processor &4 may also
perform aperture correction, which is especially useful
for font-intensive RGB data. For each color, data is
output from processing unit 15 in three parallel paths.

In both FIGUREs 7 and 8, the horizontal scaling
processors 72, 82, and 84, may be implemenced.with
hardwired logic or with programmable processors. As
stated above; all horizontal scaling may use a horizontal
polyphase resampling technique. This permits the
horizontal scaling processors 72, 82, and 84 to have the
same basic architecture as each other and as the down-
scaling processor 42 in FIGURE 4. An example of a
suitable device for such scaling is the ACUITY device



SVP processor 43 perforns vertical scaling and aperture correction. It may
al so performhorizontal interpolation for input data if the nunber of
sanpl es per lines is |less than the nunber of pixels per row of SLMs 18. The
i nput register of SVP 43 receives data from down-scaling processors 42

si mul t aneously, such that data for three different rows is being input in
paral lel. 23 Wthin
each subunit 15(1) - 15(3) of RGB-data processing unit 15, each RGor B
data path is split 'into three subpaths. After processing, a multiplexer 44
conbi nes the subpaths back into RG or B data pat hs. Referring again
to FIGURE 2, for system 20, 26

commercially available from Genesis Microchip
Incorporated. )

The memory of memory/format unit 17 for system 60 is
comprised of the same DMDRAM devices described above for
system 20. However, for system 60, 12 DMDRAM devices are
required per SLM 18, for a total of 36 DMDRAM devices.
The process of transferring data to memory/format unit 17

is described below in connection with FIGURE 11,

Resolution Level 4

FIGURE 9 is a block diagram of display system 890,
configured for SLMs 18 having a resolution of 1280 x 1024
(Resolution Level 4). Other than SLMs 18, system 90 has
the same components as system 60, However, because of
the "wider" image, the data is more likely to require
down scaling to fit the SVP of RGB-data processing unit
15 and subsequent upscaling to match the horizontal
resolution of-SLMs.la.

pict oualitv Unit |

FIGURE 10 is a block diagram of picture quality unit
16. Picture quality unit 16 ies implemented as an
application specific integrated circuit (ASIC) and used
for all sizes of SLMs 18. As explained below, this ASIC
combines multiplexing, colorspace, and de-gamma

operations, and is referred to as an "MCD ASIC".



menory/format unit 17 has a formatter and a VRAM nenory, which are two
separate devices. The formatter is a field progranmable gate array (FPG&A),
progtammed to format the data into bit-planes. A total of 36 4-Mit VRAM
devices are required. Resol ution Level 2 FIGURE S is a block
di agtram of a display system 50, configured for SLMs 18 having a resol ution
of 864 x 576 (Resolution Level 2). Referring to both FIGJREs 2 and 5,
system 50 is simlar to system 20, but has a different nenory/format unit
17. For 864 x 576 SLMs 18, nenory/format unit 17 is conprised of
DVDRAMs, which are an application specifihe device (ASIC). An exanple of a
suitable DVMDRAMis described in U S. Pat. Serial No. 08/160, 344, entitled
"Digital Menory for Display System Using Spatial Light Mdulator",
assigned to Texas Instrunents Incorporated and incorporated by reference
herein. The DVDRAM described therein has an format on out put feature but
the The ASIC for picture quality unit 16 is designed for
Resolution Levels 1 and 2. For larger SLM resolutioms,
multiple ASICs are used, such that two or more channels
of data are processed in parallel. For example, for
Resolution Levels 3 and 4, three ASICs are used in
parallel. As an example of using three ASICs to reduce
the data rate, if the data rate out of processing unit 13
or 15 were 96 MHZ, it would be reduced to 32 MHZ. This
is consistent with a 40 MHZ bandwidth limitation of
memory/format unit 17.
Consistent with the preceding paragraph, for a Level
1 or 2 system 20 or 50, picture quality unit of FIGURE 10
is a single ASIC that receives the entire frame line-by-
line. For a Level 3 or 4 system 60 or 90, FIGURE 10
illustrates one of three ASICs of picture quality unit
16, and this ASIC receives every third line of the frame.
~ Picture quality unit 16 receives both RGB data or
YUV data (YUV datal. YUV data is delivered to a 3x3
matrix multxplier 101, where color space conversation is
performed An example of an appropriate coloxr space
conversgation process is described in U.S. Patent Serial
No. 08/147,249, referenced above. The output of
multiplier 101 is RGB data. The RGB data may arrive from
RGB-data processing unit 15 or it may arrive directly to
picture quality unit 16 from an external source. RGB

data bypasses matrix multiplier 101.



format could alternatively be performed on input.

24 For Level 2 SLMs, 4 DNVDRAM devices are required per SLM 18.
Thus,” for the three SLMs 18, a total of 12 DVDRAM devices are used in
system 50. Resol ution Level 3 FIGURE 6 is a block diagramof a

di spl.ay system 60, configured for SLMs 18s having a resolution of 1024 x
768 (Resolution Level 3). Referring to both FIGUREs 1 and 6, system 60 has
t he sane basic conponents as system 10, but the YUV-data processing unit

13, RGB-data processing unit 15, and display nenory/format unit 17 are
specific to 1024 x 768 SLMs 18. FIGURE 7 is a bl ock diagram of the
YUV-data processing unit 13 of display sygtem 60. Referring to both FI GUREs
6 and 7, YUV-data processing unit 13 has the sane unit 13 as do systens 20
and 50 for Levels 1 and 2. But for system 60, YUV-data processing unit 13
al so

Although not shown in FIGURE 10, data from a
separate processing unit for on-screen display (0SD) can
be multiplexed at the inputs to picture quality unit 16,
either for RGB data or for YUV data.

Multiplexexs 102, one for each color data path,
select between data from the YUV data path, which is now
RGB data, or from the RGB data path. The selected data
is delivered to a de-gamma look-up table (LUT} 103, which
linearizes the data. This process is required to undo
the gamma correction that is performed on video signals
intended for CRT displays. An example of an appropriate
de-gamma brocess is described in U.S. Patent Serial No.
08/147,249, referenced above.

From LUT 103, the RGB data goes to FIFO's 104, which
buffer the data before transfer to memory/format unit 17.
The data transfer process is explained below in
connection with FIGURE 11. EBach of the three channels,
RGB, drives four DMDRAMs of mewmory/format unit 17.

As stated above, for Resolution Levels 3 and 4, the
picture'quality unit 16 is comprised of three MCD ASICs.
Also, for Resclution Levels 3 and 4, the memory/format
upits 17 of systems 20 and 60 are comprised of multiple
DMDRAM ASICs. For a Level 3 system 60 or Level 4 system
90, there are 36 DMDRAMs.



accomodat es the need to upscale the data for higher resolution SLMs 18.
FIFOs 71 operate in a manner simlar to FIFOs 41 of FIGURE 4, each
recefving every third row of data. Processors 72 and 73 perform hori zont al
i nterpol ati on and sharpness tasks, respectively. In this system 60, the
second SVP woul d not perform any horizontal scaling, but rather this task
Is perfornmed by processors 72. An exanple of a sharpness process is

25 described in U S. Patent Serial No. 08/147,249, referenced above.
FIGURE 8 is a block diagram of the RGB-data processing unit 15 of display
system 60. The data for each col or has g I dentical processing unit,
identified as units 15(1), 15(2), and 15( ?. Referring to both FI GUREs 6
and 8, RGB-data processing unit 15 is simlar to the RG-data processing
unit 15 of system 20, except that it has a processor 84, which upscales the
data if it has been decimated to fit SVP 83. This upscaling is done by an

nterpolation process. A’ £ 4h1Get faddl® 2" ZaliRddihub {0 SAIPLOLIRE! O
picture quality control unit 16 and memory format unit 17
of system 60 or 90.

The three duplicate processing MCD ASICs of picture
quality unit 16 receive and procees data for a different
line of each frame. Where L is the number of lines per
frame, a first MCD ASIC processes lines 1, 4, 7,..., L-2.
A second MCD ASIC processes lines 2, 5, 8,..., L-1. A
thixrd MCD ASIC processes lines 3, 6, 9,...., L.

Referring to both FIGUREs 10 and 11, FIFOs 104 at the

output of picture processing unit 16 store lines of data

for delivery to frame memory/format unit 17. The three

columns of DMDRAMs operate in parallel, such that at any

given time, three lines of data are being read in to the
 DMDRAMs.

- For system 50, which has Level 2 SLMs 18, the
conf;gﬁration would be similar to that of FIGURE 11, but
mémory/format unit 17 would have 4 DMDRAMs per color
rather than 4. -

Othexr Esbodiments

Although the invention has been described with
reference to specific embodiments, this description is
not meant to be construed in a limiting sense. Various
modifications of the disclosed embodiments, as well as

alternative embodiments, will be apparent to persons



el ements per row of SLMs 18. Processor 84 may al so perform aperture
correction, which is especially useful for font-intensive RG data. For
each °col or, data is output from processing unit 15 in three parallel paths.
In both FIGUREs 7 and 8, the horizontal scaling processors 72, 82, and 84,
may be inplenmented with hardwired |l ogic or wth programuabl e processors. As
stated above, all hori.zontal scaling nay use a horizontal pol yphase
resanpl i ng techni que. This permits the horizontal scaling processors 72,
82, and 84 to have the sane basic architecture as each other and as the
down- scaling processor 42 in Fl GURE 4. Agoexanple of a suitable device for
such scaling is the ACU TY device

26 comercially available from Genesis Mcrochip |ncorporated.

The menory of nenory/format unit 17 for system 60 is conprised of the same
DVDRAM devi ces descri bed above for

skilled in the art. It is, therefore, contemplated that
the appended claims will cover all modifications that

fall within the true scope of the invention.



system 20. However, for system 60, 12 DVDRAM devi ces are required per SLM
18, for a total of 36 DVDRAM devices. The process of transferring data-to
menory/format unit 17 is described below in connectionwith FI GURE 11,
Resol ution Level 4 FIGURE 9 is a bl ock diagram of

configured for SLMs 18 having a resolution of 1280 x 10F\i‘mmnﬁmﬂmnvel

4). Other than SLMs 18, systen190 has the same conponents as syst%nﬁGO
However, because of the "wider" image, the data is nore likely to require
down scaling to fit the SVP of RG-data processing unit 15 and subsequent
upscaling to match the horizontal resolution of-SLMs 18. Picture
Quality Unit FIGURE 10 is a block dmagram of picture quality unit 16.
Picture quality unit 16 is inplenmented as an application specific
integrated circuit (ASIC and used for all sizes of SLMs 18. As expl ai ned
bel ow, this ASIC conbines nultiplexing, colorspace, and de-ganma
operations, and is referred:-to as an "MCD ASI C'
WHAT IS CLAIMED IS:
1. A projection display system for displaying
images from data obtained from an input signal that may
be one of a variety of input signals, each having a
different horizontal and vertical input resolution, said
system uging serial video processors (SVPs) having a
given input size and spatial light modulators (SLMs)
having a given vertical and horizontal output resolution,
comprising:
an analog signal interface that provides YUV data if
said input signal is a YUV analog input signal, that
detects a signal type of said YUV analog input signal,
that provides a YUV control signal indicating said signal
type, and that has an analog-to-digital converter that
samples said YUV analog input signal;
a YUV-data processing unit that receives said YUV
data and said YUV control signal and that has a first and
a second SVP for perxforwming interlaced to progressive
scan conversion in response to said-YUV control signal;
a digital gignal interface that provides RGB data if
said inpdt'signal is a digital ihput signal, that detects
a signal type of said digital input .signal, that provides
an RGB control signal indicating sﬁid signal type, and
that provides said RGB data on three data paths, one of
said data paths for each RGB color;
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The ASIC for picture quality unit 16 is designed for

Resol ution Levels 1 and 2. For larger SLMresolutions, nultiple ASICs are

used: such that two or

nore channels of data are processed in parallel. For

exanple, for Resolution Levels 3 and 4, three ASICs are used in parallel
As an exanple of using three ASICs to reduce the data

rate out of processmg unit 13 or 15 were 96 MHZ, it W

32 MHZ. This is consistent with a 40 MHZ bandwi dth I|n1tdi|dn ®
menory/format unit 17. Consi stent w t§zthe precedi ng paragraph, for a
Level 1 or 2 system 20 or 50, picture quality unit of FIGURE 10 is a
single ASIC that receives the entire frame line-by- |line. For a Level 3 or
4 system 60 or 90, FIGURE 10 illustrates one of three ASICs of picture

quality unit

an RGB-data processing unit that receives said RGB

data and said RGB control signal and that has three

duplicate sets of components, one for each said data path

from said digital signal interface, each said set of

components having FIFO (first-in first-out) memories for

creating multiple subpaths within said RGB-data

processing unit, down-scaling processors for decreasing

said horizontal input resolution to said SVP input size,

and an SVP that scales said vertical input resolution

response to said RGB control signal;

in

a picture quality unit that receives said YOV data

from said YUV-data processing unit or said RGB data from

said RGB-data processing unit, said picture quality unit

having a matrix multiplier for performing color space

conversion of said YUV data, a look-up table for

performing de-gamma, and FIFO memories for providing data

to a frame memory on multiple data paths, thereby
providing display-ready RGB data;

a frame wemory having formatting circuitry for
.formatting said display-ready RGB data. into bit-plane

format and having memory cells for storing said display-

ready RGB data for delivery to said SIMs;

three SLMs, one for each said color, for generating
images based on display-ready RGB data in said bit-plane

format; and



16, and this ASIC receives every third line of the frane. Picture
quality unit 16 receives both RGB data or ° YUV data (YUV data). YUV data is
delivered to a 3x3 matrix rmultiplier 101, where col or space conversation is
performed. An exanple of an appropriate color space conversation process
Is described in U S. Patent Serial No. 08/147,249, referenced above. The
output of multiplier 101 is RGB data. The RGB data may arrive from RGB-data
processing unit 15 or it may arrive directly to picture—quality unit 16

froman external source. RGB data bypasses matrix multiplier 101, =

pz)?ocesm ng uﬁ: E h?g?hogogcfgg\gﬂd: gpr;%(REOSjQ? cgﬁt gef :ncj)lmtl Mﬂmfnﬂ "'m”m

i nputs to picture quality unit 16,

a timing unit that receives said YUV control signal
or said RGB control signal and delivers timing signals to
said analog signal interface, said YUV-data processing
unit, said digital signal interface, said RGB-data
processing unit, said picture guality unit, said frame

memory, and said SLMs in response to said control signal.

2. The system of Claim 1, wherein said second SVP
of said YUV-data processing unit scales said vertical

input resolution in response to said YUV control signal.

3. The system of Claim 1, wherein said YUV-data
processing unit further comprises FIFOs that receive said
YUV data from said second SVP and divides said YUV data
onto multiple subpaths and further comprises a horizontal
scaling processor on each of said multiple subpaths that

scales said horizontal input resolution.

4, The ‘system of Claim 1, wherein said YUV-data
prpcessing unit increases the pixel resolution of the.

luminance component of said YUV data.

5. The system of Claim 1, wherein said RGB-data
processing unit further comprises a multiplexer that
‘receives said RGB data from said SVP and combines said

subpaths back into said three data paths.



either for RGB data or for YUV data. Mul ti pl exers 102, one for
col or data path,

RGB data, or fromthe RGB data path. The selected data is delivered

sel ect between data fromthe YUV data path, which is

de-gammma | ook-up table (LUT) 103, which |linearizes the data. This pr
is required to undo the ganma correction that is pér

i nt ended for

g
CRT displays. An exanple of an approprii *Illm uﬂ)mwﬂrﬁ“lcess
' ' ovex

is described in U S. Patent Serial No. 08/147, 249, referenced

the RGB data goes to FIFO s 104, which buffer the data
before transfer to nenory/format unit 17. The data transfer process
expl ai ned bel ow in connection with FIl GURg411. Each of the three channels,

From LUT 103,

RG@B, drives four

Level s 3 and
ASI Cs. Al so,

system 60 or

4,
for

each
now
to a
ocess
I gnal s

i's

DVDRAME of nenory/format unit 17. Menor y/ For mat
Unit (Resolution Levels 3 and 4) As stated above, for Resolutio

the picture quality unit 16 is conprised of three MCD

n

Resol ution Levels 3 and 4, the nenory/format units 17 of

systems 20 and 60 arge COfRé i ited o Uttdihl &, DMRBAMA\S S Répicatalevel
Level 4 system 90, there are 36
processing unit delivers said RGB data on saxd subpaths

to said picture quality unit and wherein said picture

quality unit has three duplicate data paths, each having

said matrix multiplier, said look-up table, and said FIFO

memories.

7. The systeﬁ of claim'l, wherein said RGB-data

processing unit further comprises a horizontal scaling

processor on each of said subpaths that receives said RGB

data from said SVP and horizontally scales RGB data.

8. The system of Claim 1, wherein said picture

‘quality unit is implemented with an application specific

integrated circuit.

9. The system of Claim 8, wherein said picture

quality unit is duplicated for multiple data paths.

10. The system of Claim 1, wherein said frame

memory is comprised of a video random access memory

(VRAM) and a formatting circuit.

11. The system of Claim 1, wherein said frame

memory is an application specific integrated circuit with

said memory cells and said formatting circuitry

3



29 FIGURE 11 illustrates the data conmunication between picture
quality control unit 16 and nenory format unit 17 of.system 60 or

The three duplicate processing MCD ASICs of picture quality unit 16 recei ve
and process data for a different |line of each frame. Xnﬂ nunber
of lines per franme, a first MCD ASIC processes |ines mh@?”lﬂ”@j

second MCD ASIC processes lines 2, 5, 8,..., L-1. Athfrde

processes lines 3, 6, 9,...., L. Referring to both FIGJREs 10 and 11 Fl PCs
104 at the output of picture processing unit 16 store lines of data for

delivery to frame nenory/format unit 17. The three colums of DVDRAMs
operate in parallel, such that at any givegstinme, three lines of data are

being read in to the DVDRAMs. For system 50, which has Level 2 SLMs 18,
the configuration would be simlar to that of FIGJRE 11, but nenory/format
unit 17 woul d have 4 DVDRAMs per color rather than 4. O her

Enbodi nment s

integrated in a single device, said device being
duplicated in accordance with the resolution of said
SLMs.

12. The system of Claim 1, wherein said analog
signal interface further provides RGB data if said input
signal is an RGB analog input signal, detects a signal
type of said RGB analog input signal, provides said RGB
control signal, and delivers said RGB data to said RGB-

data processing unit.

13. A projection display system for displaying
images from data obtained from an input signal that wmay
be one of a variety of input signals, each having a
different horizontal and vertical input resolution, said
system using spatial light modulators (SLMs) having a
given vertical and horizontal output resolution,
comprising: -

_ ‘an analog signal interface that provides YUV data if
said input signal is a YUV analog input signal, that
detects a signal type of said YUV analog input signal,
that provides a YUV control signal indicating saidJsignal
type, and that has an analog-to-digital converter that
samples said YUV analog input signal;

a YUV-data processing unit thaf receives said YUV

data and said YUV control signal, that has a first and a



Al t hough the invention has been described wth reference to specific

enbodi nents, this description is not neant to be construed in alimting
sense. Various nodifications of the disclosed enbodi nents, as well as
alternative enbodi nents, will be apparent to persons

30 - skilled in the art. It is, therefore, contenpl atH"I“HH'""HHIIu;HMded
clains will cover all nodifications that fall within the*truetsc#pesof*the
i nvent i on.

36

second ser;al video processor (SVP) for performing
interlaced to progressive scan conversion in response to
said YUV control signal, that has FIFOs that receive said
YUV data from said second SVP and divide said YUV data
onto multiple subpaths, and that has a horizontal
scaling processor on each of said ﬁultiple subpaths that
horizontally scales said YUV data in response to said YUV
contrxol signal;

a digital signal interface that provides RGB data if
said input signal is a digital input signal, that detects
a signal type of said digital input signal, that provides
an RGB control signal indicating said signal type, and
that provides said RGB data on three data paths, one of
said dat; paths for each RGB color;

an RGB-data-processing unit that receives said RGB
data and said RGB control signal and that has three
duplicate sets of components, one for each said data path
from said'digital gignal interface, each said set of
components having FIFO (first-in first-out) memories for
creating multiple subpaths within said RGB-data
processing unit, and a horizontal scaling processor on
each of said subpaths that horizontally scales said RGB
data in response to said RGB contrel signal;

. @& picture quality unit that receives said YUV data
from said YUV-data processing unit or said RGB data from

said RGB-data processing unit, said picture quality unit



31 VWHAT IS CLAI MED | S: 1. A projection display systemfor

di spl aying i mages from data obtained froman input signal that may be one
of a‘variety of input signals, each having a differenT'horTzontak“and
vertical input resolution, said systemusing serial yj (SVPs)
having a given input size and spatial |ight nodul at ommﬁﬁﬂﬁfsﬂi‘

given vertical and horizontal output resolution, conpkl st analog
signal interface that provides YUV data if said input signal is a YWV
anal og i nput signal, that detects a signal type of said YUV anal og input
signal, that provides a YUV control signalkzindicating said signal type, and
that has an analog-to-digital converter that sanples said YUV anal og i nput
si gnal ; a YUV-data processing unit that receives said YUV data and
said YWV control signal and that has a first and a Second SVP for
performng interlaced to progressive scan conversion in response to said
YW control si gnn&vmg mula:.ﬂiegid@lliekgé\aiatjanbetﬁﬁpaaatchahaptmg/iades RGB dat a

if said input si naI 1ta| i nput _si gnal, at detects a signal type
of said digiiar FRGE SMIRAPELer Sor PeRAcatnn ples GRAEEFOR IR

i ndi cating said sfgwdd wmedaeéld al haéx Ak \Ha@&é 86 pPEBrlphd dyr three data
pat hs, one of said data paths for each col or;

gamma, and FIFO memories for providing data to a frame
memory on multiple data paths, each data path thereby
providing display-ready RGB data; .

a frame memory having formatting circuitry for
formatting said display-ready RGB data into bit-plane
format and having memory cells for storing said display-
ready RGB data for delivery to said SLMs,.said memory
cells being in data communication with said picture
quality unit such that said frame memory is capable of
receiving multiple lines of said display-ready RGB data
in parallel; '

three SLMs, one for each said color, for generating
images based on display-ready RGB data in said bit-plane
format; and '

a timing unit, which is in data communication with
each of the above elements of said system, that receives
said YUV control signal or said RGB control signal and
delivers timing signals in response to said control
signal.

14. The system of Claim 13, wherein said Yuv-data
processing unit has a vertical scaling processor for

vertically scaling said input resolution.



32 an RGB-data processing unit that receives said RGB data and
said RGB control signal and that has three duplicate sets of conponents,

one foor each said data path fromsaid digital signal interface, each said
set of components having FIFO (first-in first-out) msmlllmmlﬂmu IIEEMIng
mul tiple subpaths within said RGB-data processing uni

processors for decreasing said horizontal input resolutiofi tb shid SVP

i nput size, and an SVP that scales said vertical input resolution in
response to said RG control signal; a picture quality unit that
receives said YUV data from said YUV-dat azgrocessing unit or said RGB data
fromsaid RGB-data processing unit, said picture quality unit having a
matrix multiplier for performng col or space conversion of said YUV data, a
| ook-up table for perform ng de-gamma, and FI FO nenories for providing data
to a franme nenory on nultiple data paths, thereby providing display-ready

RGB dat a; a frang.meoRe Ysystemngt fedaint is NOviEreddi bayd fsicohar sept i ng
sai d display-reaq% RGB data.into bit-plane format_and havi ng nenory cells
for storing sai (°Hi%3H6aYUVrdakR PREEESEANG MBIt RETEPIMS VOIS SLMs:

three SLMs, one géuhq)@cafsguh q_qlbqg rés¥1u@8BR!r at i ng. i.mages based on
di spl ay- ready RGB data in said bit-plane format; and

*

16. The system of Claim 13, wherein said RGB-data
processing unit has vertical scaling processors on each
of said subpaths for vertically scaling said input

resolution.

17. The system of Claim 16, wherein said vertical

scaling processors are SVPs.

18. The system of Claim 13, wherein said horizontal
scaling processors of said YUV-data processing unit are

SVPs.

19. The system of Claim 13, wherein said horizontal

scaling processors of said RGB-processing unit are SVPs.

-20. 'l;lge sjstem of Claim 13, whereih said frame
memory is an application specific infégrated circuit with
.said memory cells and said formatting circuitry '
integrated in a single device, said device being’
duplicated in accordance with the resolution of said
SIMs.



atimng unit that receives said YUV control signal or said RG contro
signal and delivers timng signals to said anal og signal interface, said
YUV-data processing unit, said digital signal interface, said RGB-data
processing unit, said picture quality unit, said frame nenory, and said

SLMs «.i n response to said control signal. 2. The systemof Claim1l
wherein said second SVP of said YUV-data processing unit scal es said
vertical input resolution in response to said YU control_signal. 3.

The systemof Claim1, wherein said YUV-data processing LTig SHERTRAS BEEN
conprises FIFGs that receive said YW dat;& fromsaid secpnd SYpppacesli vi dgs
said YUV data onto multiple subpaths and Urt her conpris -
scal i ng processor on each of said nultiple subpaths that scales said

hori zontal input resolution. 4. The system-of Caim1, wherein said
YUV-data processing unit increases the pixel resolution of the.

DMD-BASED PROJECTOR
FOR INSTITUTIONAL USE

ABSTRACT OF THE DISCLOSURE

A baseline display system {10} is capable of
receiving different types of input signals, analog or
digital, having different horizontal and vertical input
resolutions. The system uses serial video processors
(8VPs) (33, 34, 43, 83) that have a given input size and
spatial light modulators (SLMs) (18) that have a given
output (displgy) resolution. The baseline system (10) is
configurable to meet bandwidth requirements for
displaying real time images on SLMs of increasing
resolution. Data is decimated (downscaled} when
appropriate to fit the SVP input size (FIGUREs 4 and 8)
and upscaled, vertically or horizontally, when
appropriate to fit the SLM display resolution (FIGUREs 3,
4, 7, and 8). Pour systems (20, SO, 60, 90), each

appropriate for a different SLM resolution are described.

Figure 3, 4, 7 and 8

This Sheet Has Been Reli

(AT



| um nance conponent of said YUV data. 5. The system of O aim 1,
wherein said RGB-data processing unit further conprises a nultiplexer that
receives said RGB data fromsaid SVP and conbi nes sai d subpaths back into
said three data paths. 34
6. The systemof Claim1l, wherein said RGB-data processing unit delivers
said RGB data on said subpaths to said pihghure quality unit and wherein
said picture quality unit has three duplicate data paths, each having said
matrix multiplier, said | ook-up table, and said FIFO nenori es. 7.
The system of Caim1, wherein said RGB-data processifag unit further
conprises a horizontal scaling processq on each of %gid subpat hs t hat
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data fromsaid SVP and horizontally scal es RGB dat a. 8. The system
of Caim1, wherein said picture quality unit is inplenmented with an

appl tcation specific integrated circuit. 9. The systemof C aim8,
wherein said picture quality unit is duplicated for nmultiple data paths.
10. The systemof Caim1l, wherein said frame nenory is conprised of a

vi deo random access nenory (VRAM and a %/ mat ti ng circuit. 11. The
system of Claim1, wheregq said fraﬁeﬁmg is an application specific
integrated circuit with sgid menor Y. .S d said forrrq(_gvt&g‘qm%i try

L~13
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integrated in a single device, said device being duplicated in accordance
with the resolution of said SLMs. 12. The systemof Claim1l, wherein
sai d anal og signal interface further provides RGB data if said input signal
is an RGB anal og i nput signal detects a signal type of said RGB anal og

I nput -si gnal, provides said RGB control signal, and delivers said RGB data
to said RGB- data processing unit. 3/%3. A projection display system
for displaying images fromdata obtained froman input signal that may be

one of a variety of input signals, each having a dj ent _horizontal and
vertical input res | I d system using sﬁﬁhi | b ul ators
(SLMs) havi ng dhéi and_forizontal outp oR, =

conpri si ng: ap |afratog=—stemal ™Mterface thay pf ¢V des UV f said

anal gy i fpBEdi gnal , thatdef ¢dts @ Ti gndl t¥pe of
sign®l, tfhat Srovides a YV pérftrof i gn@l iTdicating
tha _’:nas an anal og-to-digita onver@er fhat sanples

i nput signal is(8§
sai d YUV anal og~hn
said signal ty

said YUV anal og inp si gnd ; a YUV-data procesdi unit fhat receives
said YUV data and sai Vlﬁ confirol signal, at_has a fifrst and a
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36 second serial video processor (SVP) for performng interlaced to
progressi ve scan conversion in response to said YUV control signal, that
has FI FOs that receive said YUV data fromsaid second SVP and divide said
YUV data onto nultiple subpaths, and that has a horizontal scaling
processor on each of said multiple subpaths that horizontally scales said
YWV data in response to said YUV control signal; a digital signa
interface that provides RCB data if said/mput signal is a digital input
signal, that detects a signal type of il digital input signal, that
provides an RGB control signal indi cag’s% id signal type, and that

provi des said RGB data on three data pat ne of said data pat hs for
each RGB col or; =F! , ei ves said RGCB
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duplicate sets of components, one for each said data path fromsaid digital
signal interface, each said set of conponents having FIFO (first-in
firsts-out) nmenories for creating nmultiple subpaths within said RGB-data
processing unit, and a horizontal scaling processor on each of said
subpat hs that horizontally scales said RGB data in response to said RGB
control signal; a picture quality unit that receives said YUV data
fromsaid YU-data processing unit or sag ? ,RCB data from sai d RGB-data
processing unit, gaid picture quality un

37 havi ng nul&iple duplicate data paths, each having a matrix

mul tiplier for pe®ormng col or space conversion of said YUV data, a

| ook-up table for *perform ng de- ganmsg, and&EEEﬁ)nenDrles for providing

data to a frame ry on nmultiple data pdE@% g@ch data path thereby
provi di ng dlspqu eady RGB dat a; a frans’nennry havi ng fornattlng
circuitry for foTfatting saFE=EF§pFETEH§mﬁf#&EFﬂara ettt ane
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format and having nmenory cells for storing said display- ready RGB data for
delivery to said SLMs, said nenory cells being in data comrunication with
said Picture quality unit such that said frame nenory i s capabl e of
receiving multiple lines of said display-ready RGB data in parall el
three«sSLMs, one for each said color, for generating i mages based on

di spl ay-ready RGB data in said bit-plane format; and atimng unit,
which is in data comunication with each ghythe above el enents of said
system that receige control signal or said RGB control signa
and delivers t®nin resppnse to said control signal. 14.
The system of C ai : YUV-data processing unit has a

verti cal SCM|q5)p q er gical |y scaling said input resolution.

38 15+ ThE d ai P14, wherein said second SVP
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of said YUV-data processing unit perfornms vertical scaling of said input
resol ution. 16. The systemof Caim 13, wherein said RGB-data
processing unit has vertical scaling processors on each of said subpaths
for Vertically scaling said input resolution. 17. The system of
Claim 16, wherein said vertical scalingvprocessors are SVPs. 18.
The system of O aim 13, wherein said hori’Zdntal scaling processors of said
YUV-data processing unit are SVPs.¥~ 19. The system of Caim 13,
wherein said horizontal scaling proeessors of said RGB-processing unit are
SVPs. 20. The systemof C aim 13, wherein said frane nmenory is an
application specific integrated cirgQit with said nenory cells and said
formatting circuitry integrated in Sgsingle devi ce, said device being
duplicated in accordance with the rlkgol ution of said SLMs.
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DMD-BASED PROJECTOR
FOR INSTITUTIONAIL USE

ABSTRACT OF THE DISCLOSURE

A baseline display system (10) is capable of
receiving different types of input signals, analog or
digital, having different horizontal and vertical input
resolutions. The system uses serial video processors
(SvPs) (33, 34, 43, 83) that have a given input size and
spatial light modulators (SLMs) (18) that have a given
output (display) resolution. The baseline system (10} is
configurable to meet bandwidth requirements for
displaying real time-images on SLMs of increasing
resolution. Data is decimatéd (downscaled) when
appropriate to fit the SVP input size (FIGUREs 4 and 8)
and upscaled, vertically or horizontally, when
appropriate to fit the SIM display resolution (FIGUREs 3,
4, 7, and 8). Four systems (20, so, 60, 90}, each

appropriate for a different SILM resolution are described.

Figure 1



