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Using FPGAs

for HDTV design

oday’s rapid proliferation of large-screen HDTVs
(high-definition televisions) requires the use of
highly complex video-processing algorithms to
achieve high resolution, which in turn necessi-
tates faster data rates to address the many artifacts
that viewers would not typically notice on small-
er screens. To overcome these challenges, designers are now
beginning to apply dynamic image-processing algorithms in
FPGAs to convert and map digital-video signals onto display
panels. Designers are using many approaches for handling,
processing, and displaying clean, smooth images on flat-panel

HDTVs.
DESIGN CHALLENGES

The consumer market for HDTVs presents a significant
challenge for product designers. To compete for the best-sell-
ing brand names, designers must consider both cost and video-
performance quality. Even many ASSPs (application-specific
standard products) target video-dis-

(Figure 1). The front-end tuner demodulates the RF signal to
baseband for video decoding. Typically, the decoder is either
MPEG-2 or MPEG-4/H.264. HDTVs must also receive other
video-signal sources, such as external-component and com-
posite signals. The internal microcontroller multiplexes and
selects all of these video-signal streams for further video pro-
cessing and enhancement before the video processor maps the
video pixels onto the flat-panel display.

One of the components of a video processor is a deinter-
lacer, which converts interlaced video to progressive video us-
ing a variety of algorithms. Television standards, such as PAL
(phase-alternation line) and NTSC (National Television Sys-
tem Committee), commonly use interlaced video, but LCDs
require progressive video, which is often more useful for sub-
sequent image-processing functions. The basic algorithm for
progressive video is the bob-or-weave algorithm. Weave dein-
terlacing creates an output frame by filling all of the missing
lines in the current input field with lines from the previous in-
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From an architectural point of view,
an HDTV usually receives a digi-
tal-TV signal from either a terres-
trial or a cable/satellite set-top box
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fer storage in either on- or off-chip
memory, depending on the device,
to allow the weaving together of
lines from different fields. For this
reason, the weave deinterlacer re-
quires a built-in triple-buffering
function. Bob deinterlacing verti-
cally scales up input fields by a fac-
tor of two. The two types of scaling
for bob deinterlacing are scan-line
duplication and scan-line interpo-
lation. Scan-line duplication sim-
ply scales by twice repeating each
scan line in Input Field O to create the output frame and dis-
carding Input Field 1. Scan-line interpolation re-creates the
lines missing from Input Field O by performing an unweighted
mean of the lines above and below them and discarding Input
Field 1. At the bottom of Field 0, only one line is available.
The interpolator merely replicates this line as in scan-line du-
plication.

Another enhancement algorithm, motion-adaptive dein-
terlacing, involves a progressive-scan-video sequence con-
sisting of a 3-D array of data in the horizontal, vertical, and
temporal dimensions (Figure 2). In the absence of motion,
the deinterlacer identically reconstructs the interlaced se-
quences. In a fast-motion-video sequence, the motion detec-
tor uses the deinterlacer to separate stationary or moving ar-
eas within the same video frame. The motion-detection out-
put uses this deinterlacer as a trigger to select either a spatial
interpolation or a temporal interpolation to generate a pro-
gressive video.

Another building block in video processing is a scaler for
converting video signals between arbitrary resolutions. The
processor usually uses the scaler to convert low-resolution in-
terlaced SD (standard-definition) signals to the high-resolu-
tion, noninterlaced signals that HDTV uses. A scaler’s basic
function is similar to that of a line doubler with extra video-
signal processing and optimizing. The system designer can also
use various tools and IP (intellectual property) to implement
a scaler.

The human eye is less sensitive to color than to luminance.
You can improve video-transmission bandwidth by storing
more data affecting luminance than data affecting color. A
viewer notices no perceptible loss when viewing a smaller TV
panel sampling the color detail at a lower rate. Video systems
achieve this feature through the use of color-difference com-
ponents. They divide the signal into a Y’ (luma) component
and two color-difference components (chroma) in a video-
camera. Larger panels require further chroma resampling to
enhance the video quality of the display.

Chroma resampling deviates from color science in that
the luma and the chroma components form naturally as a
weighted sum of gamma-corrected R’G’B’ (red/green/blue)

52 EDN | JANUARY 24, 2008

| BANDPASS |}
FILTER

DETECTION [ K

FRAME FRAME +
DELAY DELAY

T f

LUMINANCE
DATA

A basic video motion detector uses bandpass and lowpass filters.
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A color-space converter provides a flexible and efficient
means of converting image data from one color space to another
and provides a method for precisely specifying the display of
color using a 3-D-coordinate system.

components instead of linear-RGB components. As a result,
luminance and color detail are not independent of one an-
other; some “bleeding” of luminance and color information
occurs between the luma and the chroma components. The
error is greatest for highly saturated colors and can be some-
what noticeable between the magenta and the green bars of a
color-bars test pattern. This approximation allows a designer
to easily implement color resampling. Using this fact, video
transmitted in the Y’CbCr (luminance/chroma-blue/chroma-
red) color space often subsamples the color components, Cb
and Cr, to save data bandwidth. The video-sampling format is
Y’CbCr of 4:4:4, 4:2:2, or 4:2:0. The 4:2:2 and 4:2:0 formats
are subsamples of the 4:4:4 format. How the chroma resam-
pler performs this subsampling depends on the type of appli-
cation, whether in the professional-broadcasting arena or in
the consumer market. These sampling formats are parts of
the MPEG-1, MPEG-2, MPEG-4, and other standards. You
might wonder why standards don’t use the full 4:4:4 sampling.
The following video-resolution detail provides the answer:
720X486 resolution=349,920 pixels/frame; 349,920 pix-
elsX 10 bits/sample X3 samples/pixel=10,497,600 bits/frame;
10,497,600 bits/framex<29.97 frames/sec=314,613,072 bps;
and 314,613,072 bpsX3600 sec=141.58 Gbytes/hour. For a
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A timing controller is a key element of an HDTV-LCD module.

1920%x1080-pixel HDTV, that figure
would reach 840 Gbytes/hour. There-
fore, using 4:4:4 sampling for a consum-
er HDTV is neither feasible nor cost-ef-
fective. A typical consumer HDTV pro-
cesses a 4:2:0 video format.

A nonlinear relationship always ex-
ists between a pixel value and its dis-
played intensity on an HDTV monitor.
This nonlinear relationship is roughly
a power function: L=V_, .., where L
is the displayed intensity and V, . .
is the pixel value with gamma correc-
tion, a nonlinear operation that design-
ers use to code and decode luminance
values in a video-image-processing sys-
tem. The gamma-correction function
allows designers to modify video streams
for physical properties in display devic-
es. For example, CRTs and LCD moni-
tors display a brightness that has a non-
linear response to the voltage of a vid-
eo signal. To account for this response,
designers program the gamma-correc-
tion function with a look-up table that
models the nonlinear function and then
use that function to transform the video
data and produce the best image on the
display.

FIR AND MEDIAN FILTERING

One of the most common video-en-
hancement blocks is the FIR (finite-
impulse-response) filter. A FIR filter
multiplies and sums a sequence of re-
ceived-video-data impulses, creating a

2-D convolution process. A 2-D FIR
filter can perform 2-D convolution us-
ing matrices of 3X3, 5X5, or 7X7 coef-
ficients. A 2-D FIR filter’s key provides
sharpening, smoothing, and edge de-
tection of a video image. By designing
the proper coefficients and applying the
correct matrix, you can produce a crys-
tal-clear video output. However, the
electrical system can introduce video
noise into a video stream during trans-
mission in any channel. A median filter
provides a simple and effective noise-
filtering process. The median value of
all the pixels in a population—that is,
a selected neighborhood block—deter-
mines each video pixel. The median
value of a population is that value in
which one-half of the population has
smaller values than the median and the
other half has larger values than the
median value.

You can combine an OSD (on-screen
display) and an alpha-blending mixer
to provide a method to layer streams of
video onto a display screen with text and
other graphics. One of the most com-
mon applications is the EPG (electron-
ic-programming guide) for an HDTV
display. A typical valid range of alpha
coefficients is [0, 1], where 1 represents
full translucence and O represents full
opaqueness. For N-bit RGBA (red/green/
blue-alpha) values), the range is [0, ZN—
1]. This range interprets (ZN—1) as 1
and all other values as the alpha value
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menting OSD in an FPGA
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use a local microcontroller
either within or outside the
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ment on this article.

video processing and signal
enhancement and before
interfacing to the display
panel. The controller must
correctly map all video
color pixels on the display

FPGA to generate the graph-
ics or text characters, and you use a vid-
eo-line buffer to mix the generated text.

A color-space converter provides a
flexible and efficient means of convert-
ing image data from one color space to
another and provides a method for pre-
cisely specifying the display of color us-
ing a 3-D-coordinate system (Figure 3).
Different color spaces are appropriate for
different display devices, such as R’G’B’
for computer monitors or Y'CbCr for
HDTV. Color-space conversion is of-
ten necessary when transferring data
between devices that use different col-
or-space models. For example, to trans-
fer a TV image to a computer monitor,
you must convert the image from the
Y’CbCr color space to the R’'G’B’ color
space. Conversely, transferring an image
from a computer display to a TV may re-
quire a transformation from the R’G’B’
color space to Y'CbCr. Video displays
for SDTV and HDTV require differ-
ent conversions, such as to or from the
Y’IQ (perceived-luminance/color-lumi-
nance-information) model for NTSC
systems or the Y'UV (luminance-band-
width-chrominance) color model for
PAL systems.

You achieve conversions between col-
or spaces by providing an array of nine
constant coefficients and three con-
stant summands that relate the color
spaces. Given the constant coefficients
A0, Al, A2, BO, B1, B2, CO, C1, and
C2 and the constant summands SO, S1,
and S2, you calculate the output values

on channels 0, 1, and 2 (d
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A timing controller is a key element
of an HDTV-LCD module (Figure 4).
It is the last building block you imple-

with precise timing without
incurring video-quality degradation. As
in the past, designers currently imple-
ment these controllers using fully cus-
tomized ASIC devices or ASSPs. Nei-
ther of these types of devices provides
the full scalability of an FPGA, which
allows you to scale a design for a small
display to a large display. FPGAs also
provide a built-in LVDS (low-voltage-
differential-signal)- or RSDS (reduced-
swing-differential-signal)-interface for-
mat that the timing controller typically
uses to directly drive the HDTV-display
panel. You can program FPGA-based
timing controllers to support nonstan-
dard resolutions and different LCD-
panel configurations from various LCD
manufacturers.

Designers have over the last two years
made significant improvements in the
quality of image processing for HDTV
flat-panel displays. In addition to a vari-
ety of standard available ASSPs, design-
ers are now using low-cost FPGAs with
built-in features, such as DSP blocks,
memories, microcontrollers, and differ-
ential interfaces, to leverage the rapid
design cycle. FPGAs can serve as stand-
alone units or as complements to an
ASSP-system design to provide superior
video enhancement for the digital-TV-
display market.
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