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New Products &
Technologies

Digital Filter LSI Chip Set for Ghost Canceller”

1 Introduction

In August 1989, major television stations in Japan
successively started practical “clear vision” broadcasting.
Clear vision, a TV broadcasting system intended to
improve picture quality while maintaining compatibility
with the NTSC {National Television System Commit-
tee) system, is also referred to as EDTV (enhanced
definition TV). The clear vision technology includes a
technique for correcting the deterioration of picture
quality which occurs in the process of modulating video
signals first into NTSC signals, then demodulating them
back into the original signals, as well as a technique for
canceling ghost images resulting from broadcast signals
reflected from obstacles. Since GCR (ghost cancel refer-
ence) signals, which are added to NTSC signals to can-
cel ghosts, present fewer problems with the introduction
of broadcasting equipment than other picture quality
improvement techniques, many TV stations across the
country began transmitting GCR signals first. At the
same time, manufacturers of household electric
appliances have started marketing ghost cancellers.

A ghost canceller requires digital filters having a clock
frequency of 1432 MHz and about 640 taps. The
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authors, in cooperation with Zoran Corporation, a U.S.
company with an excellent track record in the field of
digital filters, developed two types of digital filter chip
sets, “ZR33072” and “ZR33288." which were marketed
in September 1993. Described in the following are the
architecture of the chip sets and their application to
ghost cancellers.

2 Cause of Ghosts and Ghost Cancellation
Principle

A ghost is generated when a TV signal transmitted
through a broadcasting antenna is reflected from obsta-
cles such as buildings and mountains before reaching a
household TV antenna, as illustrated in Fig. 1, and is
then added to the directly arriving TV signal. Since a
TV receiver scans the screen from left to right, the re-
flected signal arriving after the original is duplicated on
the screen as a ghost image on the right-hand side of
the true picture. The position and strength of the ghost
image depend on the delay time, phase shift, and
strength of the reflected signal. In many cases, plural
ghosts are observed.

While a ghost can be cancelled by superimposing the
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Fig. 2 Japanese GCR signal

negative equivalent of the reflected components on the
incoming TV signal, it is not easy to distinguish be-
tween direct and reflected signals. To solve this problem,
a method was conceived whereby a standardized signal
(GCR signal) is added at a position which offers no pos-
sibility of affecting the images created by direct TV sig-
nals, Shown in Fig. 2 are wavetorms of the GCR signal
used in Iapan. The level and delay time of a ghost can
be determined from the state of deformation of an
incoming GCR signal. The width of the GCR signal,
44.7 ps, is the range within which a ghost can be detect-
ed.

Once the level and delay time of a ghost are deter-
mined, the ghost can be cancelled by digital flters
through reverse operation of the determined spectrum
from the point at which the ghost was added. Two lypes
of digital filters are available: the finite impulse response
(FIR) type, with no signal feedback loop, and the infi-
nite impulse response (IIR) type, which is an FIR type
with a signal feedback loop included. In general, in
structuring a ghost canceller, an FIR digital filter with
fewer taps is used for waveform equalization and remov-
al of near-by ghosts, followed by ghost cancellation by

3 Architecture and Functien of Chip Sets

Table 1 shows the main specifications of the newly
developed chip sets.

{1) The ZR33072 is an FIR digital filter with 72 taps for
use in the FIR filter section of a ghost canceller for
waveform equalization and removal of near-by
ghosts.

{2y The ZR33288 1s an FIR digital filter with 288 taps,
two of which are cascaded to provide 576 taps for
use in the IIR filter section of the ghost canceller
for removing the remaining ghosts.

Both types are provided with 14.32 MHz of clock fre-
quency, 8 bits of data, and 10 bits of coefficients.

Figure 3 is a block diagram of the chip sets.!! The
ZR33288 performs 288 tap FIR flter operation on data
input from DIN and outputs the result from CASQUT.
DOUT is a delayed output from the DIN. However, an
8 clock delay resulting from the pipeline structure is
added to DOUT and CASOUT. Cascade connection can
be realized by connecting DIN and DOUT, and CASIN
and CASOUT, to further increase the number of taps.

The ZR33072 performs 72 tap FIR filter operation on
data input from VIDIN and outputs the resull from
RESOUT and VIDOUT. The difference between the
outputs of the two systems is the bit width or accuracy.
A reference tap, output shift, and input for IIR connec-
tion are provided as additional functions.

By turning on the reference tap switch of the
ZR33072, data input from VIDIN can be added to the
37th tap of a 72 tap FIR filter to make it a reference
tap. As a result, the FIR filter can be used exclusively
for correction. In other words, i a range that can be
expressed by 10 bit 2’s complement number is set to

an [IR digital filter covering the whole remaining range. from

-1

Table 1 Specifications of the digital filter chip set

to +{1 —27%, a coefficient of up

ZR33072

ZR33288
1ap # 72 Tap L .288 Taﬁm—
Clock frequency 7 14.3:Z MHZ 14.32 MHz
Filter structure FIR FIR
Data input -8 bit 8 bit
C()f;’f"f_icient inp_ut l(] blT._ o 10 bit
Data output 8 bit and- o 18 bit
10/11/12/18 bit
Accumulator  24bit 26 bit
Coefficient bank -2 Stage 2 Stage
Oim;;ﬁ;l ft;;cticjn Reference tap Cascade connection
Output shift
IIR structure
}’_ackage Plastic QFP 100 Pin Pla.;s{i'c QFP 128 Pin

to
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Fig. 3 Block diagram of the chip set

+(2 — 27% can be provided to the reference tap position.

The output shift function, which is arranged to pro-
vide coefficients between —2 and +(2 — 27%) for all 72
taps by shifting the FIR filter output 1 bit to the left,
can set a reference tap to any position. However, the
accuracy of the coefficients in this case equals 9 bits,

The CASIN input of the ZR33072 is an input for use
of the ZR33288 as an IIR filter, into which a 12 clock
delay is inserted when the 37th tap of the ZR33072 is
set as a reference tap. As a resuit, the loop delay of the
IIR section becomes 36 clocks in total and, as shown in
Fig. 4, taps after the 36th tap following a reference tap
may be assigned to an [IR filter without their overlap-
ping an FIR filter. The ghost range covered by the first
36 taps and the second 611 taps is —2.5 us to +42.7 us,
which is capable of cancelling all ghosts in the range of
up to 44.7 us detectable by GCR signals. One tap is
equivalent to 69.8 ns {= 1/14.32 MHz).

As the accumulator bit width, 24 bits (ZR33072) and
26 bits (ZR33288) arc secured to eliminate overflow and
rounding error in the accumulater section. Since,
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however, the input to configure the cascade input/out-
put and IIR is limited to 18 bits (7 bits above and 11
bits below the decimal point), rounding error occurs
only in this section.

As described above, the characteristics of these chip
sets provide the ideal architecture for application to
ghost cancellers.

4 Concluding Remarks

In cooperation with Zoran Corporation in the United
States, the authors developed and Kawasaki Steel Corp.
has started marketing of two types of digital filter chip
sets suited for application to TV ghost cancellers. The
ability to cover 648 taps without gaps using only three
chips (ZR33072 x 1 and ZR33288 x 2) and an addition-
al circuit included to realize an FIR-plus-IIR configura-
tion can substantially reduce the number of required
parts and thus contribute to cost reduction and wider
application of ghost canceller systems.
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