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Improvement of Component
Separation of NTSC Color TV
Signals by Adaptive Filtering
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ABSTRACT  This paper represents two adaptive filtering methods for separating a composite NTSC Color TV

signal in the frame into the luminance and chrominance components. In the adaptive filtering methods, the composite
signal is filtered by the vertical filter and horizontal filter, and the output of the filters is selected dependent upon
the local chracteristics of the picture. In the first method, either the vertical or horizontal output is chosen to be
the final output by conditional switching algorithm. In the sencond method, the weighted sum of the output of hori-

zontal and vertical filters by linear combination detection algorithm becomes the final output. The filters are desig-
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ate the composite TV signal into component
signals in three-dimensions for digital interface
which has been widely found in such applications

as - predictive coding technique,’? digital

TV® etc. Utilizing field or frame store unit,
it will be possible to realize three-dimensional

filters, which exploit special properties of PAL
or NTSC signals for an efficient reduction of
present disturbances such as cross-talk, noise
and flicker effects. However, it has the follow-
ing practical problems so far: it makes the cir-
cujts large and expensive and no adaptive three-
dimensional filtering algorithms have been esta-
blished.
of component separation because the spectra of

The cross-talk results from the process

the luminance and chrominance signals are over-
laped in the same frequency band and thus the
signals cannot be separated exactly into the
original components. The problem is to separate
the signal with as few subjectively deterious

effects as possible. The simple method of lumi-

luminance
components

nance/chrominance separation can be fulfilled by
one-dimensional fixed filters such as luminance
notch filter and chrominance band pass filter.
The luminance notch suppresses subcarrier pattern
in colored areas, but leaves residual cross-lumi-
nance on colored transmition in horizontal direc-
tion, On the other hand, the chorminance band-
pass filter selects these luminance signals as colour
information, giving cross-color patterns instead
of fine black and white detail. To correct these
defects, the method for removing the chrominance
from luminance signal is with the band-limited
filters. 4 (5)(6) These filters pass
frequencies near odd multiples of half the line

comb

frequency in the range of frequencies in which
the chrominance information is expected to be
The output of this filter is subtracted
from the composite signal to obtain the luminance

found.

signal. The principal fault with this separation

method as with other fixed techniques that
are dependent on the average signal is that this

color

components
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method introduces distortion in regions of the
picture with characteristics different from the
average picture characteristics. To overcome
this difficulty, the conditional switching method
has been studied that several fixed filters are
selected and switched dependent upon the per-
ceived characteristics in the local areas surround-
ing the composite samples to be separated.(?(®
But the principal fault with this separation
methodis that it occasionally results in the error
in the luminance oscillating and producing dots
in the image.() In this paper, to improve the
performance of component separation, two
agorithms have been proposed by conditional
switching and linear combination for detecting
the local characteristics of the picture. The pro-
posed algorithms have been verified by computer
simulation for the CCITT standard color images.

II. THREE-DIMENSIONAL LATTICE DATA
ARRAY

Any image transmission system requires
an initial sampling and reformatting operation

which converts the original signal, a function of

three-dimensional signal (space and time), into
a one dimensional signal suitable for transmission
over a communication channel. One dimensional
spectrum of NTSC COLOR TV signal is illust-
rated in Fig. 1.9,

As shown in Fig.1, the luminance and chro-
minance information are transmitted in the same
frequency band. In conventional analog tele-
vision, the sampling is carried out in two dimen-
sions (only vertical and temporal) by means of
interlaced scanning. In digital processing and
transmission system, a full three dimensional
sampling is required. The three dimensional
spectrum is illustrated in Fig.2.(1°)

In this section, the three dimensional data
array which is sampled at four times the sub-
carrier frequency will be discussed with stress
on the relationship between the sampled point
In the NTSC sys-
tem, the chrominance signal C is modulated by

the color difference signal I and Q. 1t is given by

and the color signal phase.

the following equation:

C(t)=1I(t) cos(2nfsc*t)+Q(t)

n Y
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Fig. 2 The three-dimensional spectrum of NTSC

COLOR TV signal
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Here fsc is the color subcarrier frequency deter-
mined as follows:

fsc=455fH/2 (fH=15.734KHZ)

The composite signal U consists of chrominance
C and luminance Y, i.e. U(t) = Y(t) + C(t). At
4fsc sampling rate for NTSC TV signal, the sampl-
ed data U(n) is described as follows:

Un)=Y(n)+1(n) cos (nn/2)+Q(n)
sin (n7/2) (2)
For n=1, U(1) = Y(1) + Q(1), for n=2, U(2)

= Y(2) - I(2), for n=3, U(3) = Y(3) - Q(3), for
Y(4) + I(4) etc. The frequency of the color

subcarrier fsc is an odd multiple of f1/2 and
fr/2 (fl is the line frequency and fr is the frame
frequency) so that the phase of subcarrier changes
by m from line to line and from frame to frame,
The sampled three-dimensional data array is shown
in Fig.3.

Fleld +2

III. FILTER’S CONFIGURATION AND MAGNI-
TUDE FREQUENCY RESPONSES

The filters used in the component separation
consist of the vertical combfilter and horizontal
comb filter.
(FIR) digital filters with linear phase for intra-
frame processing.

They are all finite impulse response

1. Vertical comb filter

Vertical comb filter is composed of 2-line
memory. The chrominance can be derived by
difference from the mean value of upper and
lower samples in the vertical direction as follows:

As an example
C8=—1/4(SS——258+513)
=—1/4(Y—Q)—2(Y+Q) + (Y+Q))

=Q (3)

The output of vertical filter is described by eq.(4).
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Fig. 3 Three-dimensional data array
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Vo= ~1/41X (h, v-1/262.5, t) 2. Horizontal comb filter

—2X(h, v, ) + X (h,v+1/262.5, )} (4) Horizontal comb fiiter is composed of 4-

samples memory. The chrominance component

The Z-transform of Vo, H(Z) is equal to eq.(5). can be derived by difference of the mean value
between 2-delayed samples in the horizontal
H(Z)=—1/4 (Z7'~ 2 +ZY (5) direction as shown in Fig.3.

As an example
C8=-—-1/4(S6—2S8 +S10)
=—1/41 (Y—Q)—2(Y +Q) + (Y- Q)|
-Q ®

Thus, the frequency response of vertical comb

filter is as following equation:

H (ejwr) _ _,1/4 (e~1weTv_ 2+ eleTV)
=sin® (WTv) (6)

The output of horizontal filter is described by eq.
=sin’(w% f/Fv)

(9.
where
Fv=262.5[hz], Tv=1/(2Fv)[sec] (7) He= —1/4{X (h—1/2fsc, v, t) —2X (h, v, t)
+X (h+1/2fsc, v, 1)} (9)
The magnitude frequency response and simpli-
fied configuration of verticaal comb filter are The frequency response of horizontal comb
given in Fig.4. filter is defined by H(e’*")

o
"
»
A

| Tv 1 Tv 1
Y c " Y
1 1
-1/4 172 -1/4

I'ig. 4 (a) magnitude of frequency response
(b) simplied configuration

R
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h

Fig. 5 (a) magnitude of frequency response
(b) simplied configuration
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H(e™T) = —1/4 (e W8T 9 4 o/wiT8)
=sin*(WTs) {10
=sin*(r* f/2Fsc)

where

Fsc=3.58[Mhz], Ts=1/4Fsc[sec] (1)

The magnitude frequency response and sim-
plified configuration of horizontal filter are given
by Fig.5.

IV. ADAPTIVE Y/C SEPARATION ALGOR-
ITHMS

As the luminance and chrominace compo-
nents in NTSC Color TV signal are transmitted
in the same frequency band in Fig.1. The result-
ant interleaving can’t be separated perfectly by
use of the conventional comb filters. There
is a mutual leakage(cross-talk) between two com-
ponents causing cross-luminance and cross-color
interferences.  This will result in impairment
of the overall picture quality, especially in the
active area of a picture content. To prevent from
the cross-talk, an adaptive Y/C separation method
is required. This method operates on the principle
that the TV signal has an alternative correlation
in the horizontal and vertical direction in the
small areas. The adaptive Y/C separation method
in intraframe can be described by Fig.6.

X(nd
Vertical
Valn)
Alter
Deciston | C<m
Box ‘
Hortzowtef
Fter Holnd

Fig. 6 The method of adaptive Y/C separation in
intraframe

The design of the decision box shown in
Fig.6 can be largely classified into conditional
switching method and linear combination detec-
tion method. The first is a switching method
which selects either horizontal comb filter or
vertical one according to characteristics of the
picture. The selection is done by choosing the
filter of less change direction. The second is a
linear combination method which uses the weight-
ed sum of two filters’ outputs by detecting the
picture changes.

1. Conditional switching method

(1) Conventional algorithm

The conventional method is to determine
whether the vertical or horizontal filter is to be
used to separate the composite samples.(s)
It is necessary to detect less change in the picture
either in the horizontal or in the vertical direction.
A picture change is detected by comparing the
difference between two adjacent samples. If
there is a rapid change in the horizontal direction,
the vertical comb filter operating on S3, S8,
S13 is selected. Otherwise, the horizontal comb
Let Hd and Vd denote the
horizontal and the vertical difference by the

filter is selected.
following equality, i.e.:
Hd=|1-2z"|, Vd=| 1—-W?|

where Z is one sample delay and W is one line
delay.

IF Vd(n) <Hd(n)+K, K : constant 12
THEN Vy(n) =Co(n)
ELSE Ho(n) =Co(n)

Yo(n) =X (n)—Co(n) 13

Here X (n), Co(n), Yo(n) are composite,

an
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chrominance, luminance signal.

In this paper, other conditional switching
algorithm has been proposed as the alternative
method for the conventional one.

(2) Proposed algorithm A

In this algorithm the condition for selecting
the horizontal comb filter or vertical one is dif-
ferent from the inequality (12). The criterion
of this algorithm is the closeness of the separated
components, Ho or Vo to the previous ones.
The selection is based upon the less difference
between in the horizontal and verical direction.

The algorithms A is as follows:

IF |Ho(n)—Ho(n—1)|<|Vo(n)
~Vo(n—1) |
THEN Vo(n)=Co(n)
ELSE Ho(n)=Co(n)
Yo (n) =X (n) —Co(n)

The block diagram of algorithm A is given by
Fig.7.

The defect of switching method is that if
the picture change occurs in the horizontal and
or the dif-

ference of change in both direction is very small,

vertical direction simultaneously,
or the change of one direction is always less
than that of the other direction, the conditional
switching method is operated only on the direc-
tion where the picture change is less than others.
This method results in ignoring the change in the
other direction. Thus, the performance of this
method is equal to that of band-limited comb
filters.(® In this paper to correct this defect,
a new adaptive algorithm has been proposed to
combine the outputs of both filters adaptively
dependent on the picture change. This operation
can be performed by detecting the amount of
change in both directions. This proposed adaptive
Y/C separation method introduces the detection
theory to resolve these problems.

2. Linear combination detection method

(1) Proposed algorithm B
In this agorithm the adaptation to the pic-

S LI
NTSC Color -¥ Y
Signal Yo ]—1 __I Tv _{ 2Ts ]_._.l 2Ts
—u4§$ uaj7 -1/74 A /rr2 -1/4
*® D

+ )

\J‘_

Catn)

L =

Fig. 7 The block diagram of algorithm A
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ture change is realized by introducing a detection
coefficient a (0 <a<1). The algorithm B uses the
linear combination which is made by the output
of the vertical and horizontal filter according to

the detection coefficient a as follows:

C(n)=aHo(n)+ (1—a) Vo(n),
(0=a=x1) (15)

To detect the coefficient a is carried out by
subtracting two succeeding vertical line samples
from each other, thereby forming the difference
as the following eq.(16). The coefficient a is
corresponding to the magnitude of frequency
response of detector. As an example, the detec-
tion signal for the 8-th sample in Fig.3.

D8=[(S13—S3) /2| (16)

The output of detector is described by eq.(17).

Do=|1/2{X (h, v+1/262.5, t) —
X (h, v—1/262.5, t)} | an

The Z-transform of Do, D(Z) is equal to eq.(18).

D@Z)=1]1/2(0—27% | (18

The frequency response of detector is given as
eq.(19).

He™) =[1/2(1—e™*™)|
=|sin(W/Fv) | 19

The magnitude frequency response and con-
figuration of detector are shown in Fig.8.

Forming the difference of two successive lines
results in zeros of the magnitude frequency
response on multiples of line frequency in Fig.8
(a), indicating that the output of this filter is only
zero for no change in vertical direction. If there
is a change in vertical direction, additional fre-
quency lines arise between these multiples of
picture of lines frequency with a distance depend-
ing on quantity of change. These lines fall into the
passband of the filter giving significient output
value. An important attribute of this algorithm
is to recognize the picture change by considering
the sinusoidal passband characteristics in Fig.8
(a). When the picture change is only in horizontal
direction, a decreases to zero. When the picture
change is only in vertical direction, a increases
to one. To realize the algorithm B in hardware,
there needs two multipliers. Thus, the number of
multiplier can be reduced by modifying this
algorithm B as follows:

Co(n)=a(Ho(n) —Vo(n))+Vo(n) 20

Detection configuration can share a common
2-line memory with the vertical comb filter,

Tv Tv

*I

(b)

Fig. 8 (a) magnitude of frequency response
(b) simplied configuration
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Fig. 9 The block diagram of algorithm B

which may be cost-effective for hardware imple-
mentation. The block diagram of algorithm B
is shown in Fig.9.

Fig.9 illustrates the parallel implementation of
the vertical and horizontal comb filter for delay
equalization in which the middle tap of the line
delay is provided as the input of sample delay
element. The middle tap of four sample delay
is again used as an appropriate delay point for the
composite signal. And the luminance filter action
is obtained by a subtraction of the chrominance
filter output from the delayed composite signal.

{ —f

4.0800]

3.050hz] 3.580Mhz]

Fig.10 Magnitude frequency response of band pass
filter

474

One of the main advantages of this complementary
realization is that only one additional band-
pass filter is needed for the chrominance filter
output. The band-pass filtering has the task of
limiting the comb action to that frequency region
in which crosstalk is likely to appear. As the
comb filtering is only working in the subcarrier
domain, low frequency components of the lumi-
nance remain unaltered. The magnitude frequency
response of band-pass filter is shown in Fig.10.

V. THE RESULT OF SIMULATION AND
EXAMINATION

In this section the results of computer simula-
tion of the various separation methods are des-
cribed. For the sake of comparison, a total of
five methods have been selected. The method
A uses only chrominance band-pass filter and
luminance notch filter. The method B uses 2-
line memory comb filter and chrominance band-
pass filter.(6) All of the remaining three methods
use adaptive filters in horizontal and vertical

direction. The method C is switching method

www.dbpia.co.kr
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using the conventional switching algorithm.(s)
While the method D is to use the proposed algori-
thms A. The method E is using the proposed
algorithm B. We used the Miss America and
Checked Jaket of CCITT image data base to
evaluate the performance of each method. The
original pictures are obtained from 352X288
array of 8 bit samples of luminance component
Y and 176X144 array of 8 bit samples of R-Y
and B-Y component. R-Y and B-Y are converted
to I and Q.
two chrominance components I and Q are com-

The unfiltered luminance Y and

bined to form the composite NTSC signals on
which the separation methods are applied. The
saparated Y, I and Q components are compared
with their original counterparts by computing
certain objective criteria in this section. To gain
insight into the nature of error, some objective
measures for three components are computed
as follows. To measure the error distributed
overall in the picture, the normoralized mean
square error and signal/noise ratio in dB are intro-

duced into objective measures.

E(IP—P’|?

@1

where P:original image, P’: processed image

S/N=10log( 1 /nmse) @2

The block error is introduced to measure the

error centralized in the local region.(7) Let
bi(M), for odd M, denote the M x M block of

picture elements arround the i-th pel in the pic-
ture. Then, the average error in the block is given
by

bi(M) =1/MY | Ej |
ji€eBi(M) @23

where Ej is the error in the j-th pel in the block

Bi(M). The n-th absolute moment of these “block

errors’’ is
b(n,M)=1/N T |bi(M)|" 24

where N is the number of picture elements in the
picture excluding these in the outside border of
width (M-1)/2 and the summation is carried out
on these N elements. As M is increased, the value
of b(n,M) will decrease more if the errors are
dispersed than if they are clustered, since a cluster
of error is more objectionable than the same one
occuring independently, This value provides a
measure for the subjective effects of errors.
The comparisions are performed for M=1, 5,
which corresponds to having 1, 25 elements
respectively in the block. In order to estimate the
relative magnitudes of the errors, n=2 and n=5
are used. Because the relatively small error plays

a dominant role in the case of n=2, and relatively

T

SIGNAL/NOISE RATIO IN dB

Fig. 11 Signal/noise ratio for the Y, I and Q components.
The abscissa axis represent six different separa-
tion methods employed, namely, A,B,C,D,
and E
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large error does the same when n=5. The average
value of b(n,M) based upon the two pictures are
computed for each of the three components
Y, I, and Q using n=2, § and M=1, 5. The results

LUMINANCE RANGE 0-255

MEAN SGUARE ERROR

{BLOCK SIZE 1x1

Fig. 12 Mean squares of the average-block error for the
Y, I and Q components with block size of 1x1.
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Fig. 13 Mean abolute Sth power of the average-block-
error for Y, I and Q components with block
size of 1x1.
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of these computation are presented in graphical
form in Fig.11-14. It is clear by looking at Fig.
11-14 that the A, B, C, D give poorer result
than the E using the proposed algorithm B. The
performance of D is somewhat better than the
performance of C. But the difference of C and D
can be ignored in this image data. As shown in
the simulation results, algorithms D and E have
the improved performance over the other algor-

ithms

V1. CONCLUSION

In this paper, two adaptive algorithms have
been proposed for separating an NTSC signal into
its three components Y, 1 and Q. In the first
algorithm A, either a horizontal or vertical filter
is chosen to minimize the change in the separated
component values subtracted from those neighbor-

ing samples which have previously been separated.

8
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Fig. 14 Same as Fig.13, but with block size of 5xS§.

www.dbpia.co.kr



#® X/ A%% YelHol oY NTSC 2TV A5 4¢3

A4

In the second algorithm B, the linear combination
detection has been made by the output of hori-
zontal and vertical filters using the detection
coefficient a dependent upon the picture change.
It has been found that the proposed algorithms
have better performances than the conventional
methods. The performance of algorithm B is
much better than algorithm A, while the algorithm
A has the simpler structure than algorithm B
requiring multipliers. Thus, the advantageous
compromise between algorithm A and B is requir-
ed for the given circumstances. The interframe
processing in three dimensions using frame me-
mory will be the remaining subject for the very

efficient component separation.
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