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Design of Digitalized SECAM Video Encoder with Modified Anti-cloche filter
and SECAM Video Decoder with BPF and Error-free Square Root
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ABSTRACT

In this paper, we propose the Sequentiel Couleur Avec Memoire or Sequential Color with Memory (SECAM) video encoder system using
modified anti-cloche filters and the SECAM video decoder system using a band pass filter (BPF) and an error-free square root. The SECAM
encoder requires an anti-cloche filter recommended by International Telecommunication Union-Recommendation (ITU-R) Broadcasting
service Television (BT) 470. However, the design of the anti-cloche filter is difficult because the frequency response of the anti-cloche filter is
very sharp around rejection-frequency area. So, we convert the filter into a high pass filter (HPF) by shifting the rejection frequency of
4.286MHz to OHz frequency. The design of HPF becomes very easy, compared to that of the anti-cloche filter. The proposed decoder also uses
an error-free square root, two differentiators and trigonometric functions to extract color-component information of Db and Dr accurately from
frequency modulation (FM) signals in SECAM systems. Also, the BPF in decoder is used for removing color noise in chrominance and
dividing CVBS into chrominance and luminance. The proposed systems are experimentally demonstrated with Altera FPGA APEX20KE
EP20K 1000EBC652-3 device and TV sets.

7IHE

SECAM, video encoder, video decoder, ITU-R BT.470

« BOMHBT MXIR ST} wtAIDIY H4UR} : 2005, 10. 10
o DAXK : SoMNER MABED HRS



ST YA BEA T3 =52 2109 A3%

[ . Introduction

Current television broadcasting standards such as NTSC,
PAL and SECAM use the composite video baseband signals
(CVBS) of luminance and chrominance signals to transfer
color images through a broadcasting channel. The video
encoders take component video signals (e.g., RGB or YCbCr)
and encode those into the CVBS. The RGB represents red,
green and blue signals. The YCbCr represents the luminance
signal of Y and two color-component signals of Cb and Cr.
The encoded CVBS is converted into YCbCr by the video
decoder|1).

SECAM encoder system requires two filters such as
anti-cloche filter and pre-emphasis filter. Because the system
uses frequency modulation (FM), Pre-emphasis and
Anti-cloche filter must be designed for emphasizing the
amplitude of transferring signal suppressing band width[2].
The frequency response of the Anti-cloche filter has sharp and
symmettic characteristic which makes it difficult to design
Anti-cloche filter. So we changed the characteristic of
Anti-cloche filter. In other words, the band suppressed filter is
converted into high pass filter. Also, the group delay of the
modified filter is minimized to perform high quality.

The SECAM system uses FM modulation to transmit the
Db and Dr color difference information, with each component
having its own sub-carrier. The two pieces of color
information (Db and Dr) added to the monochrome signal
could be transmitted on alternate line to avoid the possibility
of crosstalk. So the color information and monochromme signal
interfere with each other and then the distributed signals make
color noise. In order to solve the problem, the proposed
SECAM decoder system uses BPF which is dividing CVBS
into chrominance and luminance signal. The divided signals
make the decoded image more vivid and more distinct. The
color information is represented by various frequencies which
are assigned by emphasized Db and Dr. The proposed
decoder system uses two differentiators, some trigonometric
functions and error-free square root for getting color
information from FM modulated CVBS[3]. Also, SECAM
decoder uses two kinds of IIR filter such as cloche filter and
de-emphasis filter which compensate the amplitude
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emphasized by SECAM encoder.

1. Proposed SECAM encoder system

The incomning YCbCr signals are converted into YDbDr
signals which are color space for encoding. The YDbDr
signal of Y and
color-component signals of Db and Dr, Equations (1) and (2)
are to generate CVBS of the SECAM system (4]. The
SECAM system transmits Db and Dr each line alternatively.

represents  the luminance two

CVBS =Y +Gsin 2zz{f0R +Mopp J;Dr(r)dr}for Driine (1)
CVBS =Y +Gsin 2;:{/03 +5, L’Db(r)dr}for Dbline  (2)

where G=23IRE, for=4.40625MHz, A for=280 kHz,
fos=4.25MHz, A fop=230kHz.

After modulation of Db and Dr, sub-carrier pre-emphasis
is applied and changing the amplitude of the sub-carrier as a
function of the frequency deviation. The intention is to reduce
the visibility of the sub-carriers in low bandwidth of
luminance and to improve the signal-to-noise ratio of highly
saturated colors[4]. This anti-cloche is given as:

=M 1+ j16F

1+ j1.26F )

where F=(f/4286)-(4286/f), f=instantaneous sub-
carrier frequency in kHz, and 2M=23IRE+2.5% of

luminance amplitude.

(a) (b)
Fig. 1 Symmetry of Anti-cloche filter and the modified
anti-cloche filter
a2 1 Anti-cloche ZE{Sf &G JEE Anti-
cloche Z&
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At digital SECAM encoder system, it is difficult to design
anti-cloche filter. Curve of the filter is so sharp that we change
anti-cloche filter into HPF by using symmetrical characteristic.
Figure 1-(a) shows the curve which is described by using Eq.
(3) and MATLARB [5]. The filter is symmetry at 4.286MHz by
Eq. (3). We shift an axis of symmetry to the point of OHz. So,
anti-cloche filter can be modified such as Fig. 1-(b). The high
pass filiter like Fig. 1-(b) is easy to design as digital. If
anti-cloche filter is modified like Fig. 1-(b), modulation method
should be changed. To use the modified anti-cloche filter, Eq.
(1) and (2) are converted into Eq. (4) and (5), respectively. The
term f,t = £, is added to the brace of Egs. (1) and (2). The
added equation is represented by trigonometric function. So
frequency modulation signal, Si 27{/ox + &or L'Dr (e)dr}
is converted to SN 27{(for = fo)t + B op I;D’(T)df . Because
the term Jor is replaced to foz — /o, the modified filter of Fig.
1-(b) can be used. The Db path is the same as Dr path.

CVBS=Y +Gsin 27r{/’0kf + M oe) ;Dr(r)d‘r}
=¥ +Gsin er{f(,t +(fonl = Sol + M e ;Dr(‘r)dr)}
=¥ +Geos2ft-Sin27{( fop = fo )t + Ao | | Dr(x)IT}

SN2yt OS2 fon = o)t + B | DPE)TY]

CVBS=Y +Gsin 2;:{/0,,: +Af,,5j'(:Db(r)dr}
=Y +Gsin 2;:{/0: (ot~ fol + Afn,,jo’ob(r)dr)}
=Y + Gleos 2t -sin 27 {( Sy — fo)l + Mop J'O'Db(r)dr;

+sin 27t 00527 {( fp —fo)H‘AfOBJ-o’Db(T)dT}]

. proposed SECAM decoder system

To get Dr(1) and Db( 1) from Egs. (4) and (5), we should
shift FM modulated signals to low frequency. Equations (6)
and (7) are the result of multiplying Eq: (4) by cos2nf,t and
sin2af,t, respectively.

Eq.(4)xcos2af,t =

Y xcos2af t+ % x G x{sin 2w {(for ~ fo )t + Mo L: Dr(z)dz} (6)
S0 22 fot + (fon = fo)t + Afon | Dr(e)dT))

Eq(4)xsin 2zt =

Y xsin2af t + % x G x{cos2x{( for — fo )t + AfORL: Dr(r)dz} %)
0272 fo + (fon = fot+ W | Dr(2)dT})
Equation (8) and (9) are given by low pass filtering Eqgs.

(6) and (7), respectively. The band width of low pass filter is
1.5MHz.

%x Gx[sin27{(for = o)t + Mon [ Da(0MT}]  (8)
X Gx[00s27((fon = fo ) + e [ DaXE] O)

Now, we use a differentiation rule in Eq. (10) for getting
Db(7) and Dr(7).

b _dy du

de dn S'w)-g'(x) (10)
When y=flu) and u=g(x) are the differentiable function,
the composite function y=f{g(x)) is differentiable by using "x’

[6] and the differential function is given like as Eq. (10).

7-GAfon = fo)+ Y ox Dy () -€0527{( fon = fo )t + Af o | Dr2)eY (11)
G Ao = fo) ¥ B o D (003510 20 ((fog = £ )i+ A o | Dr@)ET (12)

Equations (11) and (12) show the differentiated Egs. (8)
and (9) by using Eg. (10). As you can see, Eqgs. (11) and (12)
have same phase, so Egs. (11) and (12) could be arranged and
simplified by using Eq. (13).

sin® x+cos* x =1 (13)

Equation (14) is the result of Eq. (13) by using Eq. (11) and
(12), respectively.

7t x G x U= o)+ AfORDR(I)}2

And then, Eq. (14) should be treated by using error-free
square root which does not have any error. Equation (15)
shows the treated Eq. (14) by using error-free square root.

(14
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ﬂXGX{(faR_fo)+Af0RDR(t)} (15)

In Eq. (15), 7, G, (for - fo) and Afog are constant, so Dg(t)
is gotten by using simple calculations such as the four
arithmetical operations. However, before calculating Eq.
(15), we should consider the sign compensation because
values treated by square root are always positive. The
methods of sign compensation are shown below in Eq. (16}
and Eq. (17).

[sin{f(x}} I = f'(x)- cos{f(x)}
(cos{f ()} T =—-f"(x)- sin{f(x)}

By Egs. (16) and (17), we could know the sign generated

by sine and cosine differentiation. When Egs. (8), (9) and (15)

are rearranged by Egs. (16) and (17), the final equation is
shown below.

(16)
{an

EQ(8Y = ZxEq(1S) xEq(0) Eq.0) =-=xEa(15) xEa(®) (18)

Because we know already the signs of Eq. (8) and (9), the
signs of Eq. (15) could be known: easily. After sign
compensation, the Dr is gotten by using the four arithmetical
operations. The Db is calculated by the same manner of Dr
processing.

In the SECAM system, we know that the chrominance and
luminance signals use the same channel, so the different
frequencies interfere with each other. The below equation
represents the color noise effect.

Luminance =Y, + 7V, - sin(2w- f, - 1) 19)

Y; is DC level of luminance and Y; is AC amplitude of
luminance. The term, f, is any luminance frequency.
Equation (20) shows the Dr line with luminance of Eq. (19).

CVBS = Luminance + Chrominance

=Y, +Y,-sin(2x- f )+ G- sin2n{fo, -I+Af0RL'Dr(T)d7) 20)

After multiplying Eq. (19) by sub-carrier (sine and cosine)
and treating the results by using chrominance LPF, the
converted equations are shown like as below.

%.yz sin{27-(f, —fn)~1}+%-G-sin27r{(f0R ~ 1)1+ 8o (DY (21)

%.yz -cosf2z-(f, —f,)~t}+%~G-cosZn{([o,, = 1)1+ [Drie)e} (22)
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In Eq. (21) and (22), the term, f; - f;, is the frequency of
color noise. To remove the color noise, the proposed SECAM
decoder system uses BPF whose dB response is shown in Fig.
2. Figure 3 shows the luminance and chrominance processing
with BPF. The color noise can be removed by subtracting
original CVBS from CVBS filtered by BPF.

Fig. 2 dB response of band pass filter
2%, 2 Band Pass Filter®} dB &

chrominance
processing

gain L, luminance
processing

compensation

Fig. 3 Signal separation processing using BPF
8. 3 BPFE MBS ME 22

IV. Experimental Resuits

Figures 4 and 5 show the block diagram of the digital
SECAM encoder and decoder system, respectively. The
proposed systems satisfy the operating frequency of 27 MHz
in the hardware designs.

Figure 6 shows the demonstration results without BPF and
separating chrominance signal from CVBS in luminance
processing. As you can see, Fig. 6-(a) shows the FM noise in
displayed image because of remaining chrominance signal in
luminance signal and Fig. 6-(b) shows color noise over 2
MHz because luminance signal is remaining in chrominance
signal. Figure 7 shows the result decoded by proposed
SECAM decoder with BPF and separating chrominance from
CVBS in luminance processing. As you can see, Fig. 7-(a)
does not show any FM noise and Fig. 7-(b) shows the color
noise over 3.125 MHz which is higher than 2 MHz. Thus, Fig.
7 proves the effectiveness of the proposed SECAM decoder
system.
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Fig. 4 Block diagram of the proposed encoder
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secam_decoder

Fig. 5 Block diagram of the proposed decoder
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(a) Demodulated (b) Demodulated
Color bar muiti-burst
Fig. 6 Decoded result without BPF and separating
chrominance from CVBS in luminance processing
118, 6 BPF §i0| siv|MeMeitHolM CVBSERE
MAMNTE HAHsHE WHE ALESE 5520

(b) Demodulated
multi-burst

{a) Demodulated
Color ba

Fig. 7 Decoded result with BPF and separating

chrominance from CVBS in luminance processing

28, 7 BPFS} 718 {21 FOIAl CVBSZ el
MRS E MASE WHE A8 H5BI

V. Conclusions

In this paper, we proposed the SECAM encoder system
using the modified anti-cloche filter. By using the modified
anti-cloche filter, the hardware complexity of SECAM
encoder system increases, but the filter design is easy and the
structure of filter is simple. Also, we proposed the advanced
SECAM decoder system using error-free square root, BPF
and separating chrominance from CVBS in luminance
processing. The error-free square root makes it possible for
SECAM decoder to get color information from CVBS by
using trigonometric function in chrominance processing. The
BPF removes color noise in chrominance processing and the
reduced color noise makes luminance band width enlarged.
The separating chrominance from CVBS in luminance
processing removes FM noise of displayed image. Thus, the
proposed SECAM decoder system can provide more vivid
and more distinct image. We expect that the proposed
SECAM encoder and decoder system can be applied to
various display systems such as DVD player, Camcorder
digital camera, and so on available for SECAM.
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