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ABSTRACT

A low-cost digital video decoder for NTSC signals is
present in this paper. The new fully digital design
employs a DDFS (digital direct frequency synthesizer)
basing upon trigonometric quadruple angle formula,
and an adaptive digital PLL to track and lock the de-
modulation clocks. The complexity of the digital video
decoder, hence, is drastically reduced. The overall cost
of the proposed design is 6.0 mm? (39 K gates). The
mazimum power dissipation is 86 mW at the highest
clock rate which is 21.48 MHz.

Indexing terms : video decoder, NTSC, color burst,
DDFS, line delay, comb filter

1. INTRODUCTION

Video decoder (VD) plays a very important
role in the design of the most popular consumer elec-
tronics, TVs. Particularly, NTSC-based TVs [2], [3],
[5], [1] - The tasks of the VD include the Y/C separa-
tion, sync separation, and color demodulation. Many
prior works have been reported to pursue the digital
version of NTSC TV, e.g., [4], [7], [8], which possesses
the edge of compatibility and cost reduction over tradi-
tional analog NTSC solutions, e.g., [6]. However, all of
these digital solutions required sophisticated adaptive
comb filters to cope with the poor signal quality such
that the Y/C separation is feasible. The price to pay if
these methods are used is the area as well as the power
dissipation, since more gate count is needed to carry
out the 2-line comb filter, or even 3-line comb filter.
The difficulties to recover the color information are
resulted from the poor received signal quality which
in turn introduces serious jitters existing in the clocks
of color burst as well as the H-sync and V-sync. We,
thus, propose a novel method to recover the clock in
a DPLL (digital PLL) as well as a DDFS clock gener-
ator based upon a trigonometric quadruple angle (46)
formula. The recovery of color burst clock and sync
signals is drastically simplified such that the hardware
cost is reduced.
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2. DIGITAL VIDEO DECODER DESIGN

A color bar sample of a NTSC line is shown in
Fig. 1. An ADC is used to convert the NTSC analog
signal into 8-bit sampled data which are the input to
the proposed video decoder. An overview of the NTSC
video decoder system is shown in Fig. 2. An NTSC
signal is given in Fig. 3.
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Figure 1: A color bar NTSC signal
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Figure 2: Overview of a digital NTSC video decoder
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Figure 3: NTSC signal in time domain and frequency
domain

2.1. Y/C separation

The most important task of the video decoder
is to extract the Y (luminance) and C (chrominance)
signals to restore images. A widely used solution is
to employ so-called comb filters to attack this prob-
lem. Prior works proposed many complicated comb
filter designs to pursue the quality of the decoded im-
ages. What worse is that a high-resolution ADC might
be required to resolve the problem. The bottom line
of this problem resides in the line length variation of
the received NTSC signal which leads to the synchro-
nization difficulties of H-sync edges. We adopt two
methods to relax this problem :

Weighting Window : The system clock is aimed at
over 20 MHz which samples 6 points at the edges of the
signal. The correct edge is detected by the convolution
of the window shown in Fig. 4 with the NTSC signal.
If the convolution result is close to 0, then the edge is
detected as shown in Fig. 5. If the edges are correctly
detected, the timing signals, including H-sync, V-sync,
color burst, and odd/even field, will be extracted by
using counters.

Digital PLL : The jitter of the burst clock causes
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Figure 4: Convolution of an NTSC signal with a
weighting window
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Figure 5: Zero-crossing edge detection

the locking problem of the burst clock. The received
NTSC signal has neither constant swing nor ampli-
tude. A sophisticated DDFS is used to replaced the
common VCO in Fig. 6. Notably, the large and slow
cos and sin ROMs can be removed by using a modi-
fied 46-based DDFS which will be described later in
the following text.

The PFD (phase-frequency detector) in Fig 7
is responsible for detection of the phase difference be-
tween the generated clocks of DDF'S, cos(wt +6,) and
sin(wt+46,) and the input burst reference clock, cos(wt+
0;). 6. is the output phase difference.

[sin(wt + 6,) - cos(wt + 6;)] - [sgn(cos(wt + 6,)) -
cos(wt + 6;)]

= =sinf, -sgn(tcosbe) ~ 0, if b, is small (1)

The sampling frequency is selected to be an in-
teger times of the sub-carrier’s frequency to minimize
the phase error. If it is not the case, a significant vari-
ation of phase error will be produced. For instance,
since there are 18 samples in a cycle, the integrator
in Fig. 7 will accumulate the non-fixed periods’ error
to generate the large fluctuations in Fig. 8. With the
the same phase errors, 7% and 10%, the PFD can not
lock the clock given a 20 MHz sampling frequency. By
contrast, if the sampling frequency is identical to the
system clock which is 21.48 MHz, these phase errors
are clearly detected.
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Figure 6: DDFS-based VCO block diagram
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Figure 7: PFD block diagram

Loop Filter : A digital version of the loop filter (LF),
which is a 1st-order IIR, is shown in Fig. 9. It is noted
that C; and C are constants to be determined by the
following equations.

l 4C, K, K4

T\ 4— (201 + CQ)KOKd

¢ = C1 4C, K, K4
2.0\ 4- (2C1 + CL)K, K4
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b
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where T is the sampling period, K, and K  denote the
gain of PFD and VCO, w, is the natural frequency,
T, is the lock time.
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Figure 9: Digital loop filter

ROM-less DDFS : A modified 46-based DDFS [9]
is employed to carry out the function of the required
VCO such that the slow and large ROMs in Fig. 6 can

be removed. The central frequency is set to be 3.58
MHz. Referring to Fig. 6, the p fed into the phase
accumulator determines the central frequency,

Fsc p (3)

Fs 2k—1’
where k is the wordlength of the phase accumulator,
Fsc is the sub-carrier frequency (3.58 MHz), and Fgs
is the sampling frequency (21.48 MHz). p is derived to
be 44739242. The sin and cos ROMs are pre-computed
by [9] and hard-wired with combinational logic to get
rid of real embedded and slow ROMs.

2.2. Chrominance Demodulator

The chrominance demodulator receives the
digital PLL sub-carrier output as well as the C gen-
erated by the Y/C Separation block as shown in Fig.
10. The C is derived to be [3] :

C = (Cp—128)-0.504 - sinwt
+(C, — 128) - 0.711 - coswt (4)

The Cp and C, are produced after the multi-
plication products of C' and the outputs of the digital
PLL are low-passedly filtered.

2-1.406 - coswt - C
= (Cr—128) + (C, — 128) - cos 2wt +

filtered
(Cp —128) - 0.504 - 1.406(sin 2wt) (5)

~ v

filtered

2-1.984 - sinwt - C
(Cp — 128) — (Cp — 128) - cos 2wt +

fltered
(C, —128)-0.711 - 1.984(sin2wt)  (6)

filtered

The LPF to execute the filer operation is also
shown in Fig. 10 which is a 20-tap transposed FIR.
Notably, the 128 in Eqn.(5) and (6) is an DC offset of
the 8-bit ADC. Hence, the correct results of Cy and C,.
are composed of the outputs of Eqn.(5) and (6) and
the 128 DC offset.

3. SIMULATION AND IMPLEMENTATION

Artisan 0.35 ym 1P4M CMOS technology cell
library is adopted to implement the proposed design.
Fig. 11 shows the die photo and the layout of the
design. Pre-layout RTL and post-layout simulation
results of proposed video decoder are respectively re-
vealed in Fig. 12 and Fig. 13. The overall charac-
teristics of the proposed video decoder as well as the
comparison with prior works are summarized in Table
1.
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Figure 10: Chrominance demodulator

4. CONCLUSION

We have proposed a novel NTSC video de-
coder design in this paper. The traditional VCO is
replaced with a ROM-less 46-based DDFS to reduce
the phase tracking problem such that the complicated
comb filter design is relaxed. Not only is the chip area
saved, the power dissipation is also reduced.
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Figure 11: Die photo and layout of the proposed video decoder

[4]t [6] ours
Area | N/A 67.76 mm?} 6.02 mm?
Power | N/A | 980 mW@15 MHz | 86 mW@21.48 MHz
Gate# | N/A N/A 39 K
Process | N/A 1.2 ym 2P2M 0.35 pm 1P4M

T : functional simulation by SystemView S/W only

i:

estimated from the die photo

Table 1: Performance comparison
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Figure 12: Pre-layout simulation result
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Figure 13: Post-layout simulation result



