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Colour Signal Transmission and Reception



Television Signal Propagation
• Radio waves are electromagnetic waves, which when radiated from transmitting antennas,

travel through space to distant places, where they are picked up by receiving antennas.
Although space is the medium through which electromagnetic waves are propagated, but
depending on their wavelengths, there are three distinctive methods by which propagation
takes place. These are:

(a) ground wave or surface wave propagation

(b) Sky wave propagation

(c) space wave propagation.

(a) Ground Wave Propagation

• Vertically polarized electromagnetic waves radiated at zero or small angles with ground,
are guided by the conducting surface of the ground, along which they are propagated.
Such waves are called ground or surface waves. The attenuation of ground waves, as they
travel along the surface of the earth is proportional to frequency, and is reasonably low
below 1500 kHz



(b) Sky Wave Propagation
• Ground wave propagation, above about 1600 kHz does not serve any

useful purpose as the signal gets very much attenuated within a short
distance of its transmission

• Therefore, most radio communication in short wave bands up to 30 MHz
(11 metres) is carried out by sky waves. When such waves are transmitted
high up in the sky, they travel in a straight line until the ionosphere is
reached. This region which begins about 120 km above the surface of the
earth, contains large concentrations of charged gaseous ions, free electrons
and neutral molecules

• The ions and free electrons tend to bend all passing electromagnetic
waves. The angle by which the wave deviates from its straight path
depends on
• Frequency of the radio wave
• Angle of incidence at which the wave enters the ionosphere
• Density of the charged particles in the ionosphere at the particular moment
• Thickness of the ionosphere at the point



Ray paths for different angles of 
incidence (φ) at the ionosphere.



(c) Space Wave Propagation

• As explained above, propagation of radio waves above about 40 MHz
(which is the beginning of television transmission band) is not possible
through either surface or sky wave propagation

• Thus, the only alternative for transmission in the VHF and UHF bands,
despite large attenuation, is by radio waves which travel in a straight line
from transmitter to receiver. This is known as space wave propagation.
Its maximum range, because of the nature of propagation, is limited to
the line of sight distance between the transmitter and receiver

• For not too large distances, the surface of the earth can be assumed to
be flat and different rays of wave propagation can reach the receiver
from transmitter as shown in Figure



Space wave propagation

Computation of line-of-sight 



• where Eo is the field strength at unit distance from the transmitter,
and f is the frequency of the transmitted signal. The field strength
varies inversely as the square of the distance between the two
antennas but is directly proportional to their heights



(a) Co-channel Interference

• Two stations operating at the same carrier frequency, if located close by,

will interfere with each other. This phenomenon which is common in fringe

areas is called co-channel interference

• As the two signal strengths in any area almost equidistant from the two co-

channel stations become equal, a phenomenon known as ‘venetian-blind’

interference occurs

Interference suffered by TV signals



(b) Adjacent Channel Interference

• Adjacent channel interference may occur as a result of beats between any two of these frequencies or

between a carrier and any sidebands

(c) Ghost Interference:

• Its arises as a result of discrete reflections of the signal from the surface of buildings, bridges, hills,

towers ect



CHANNEL BANDWIDTH FOR COLOUR 
TRANSMISSION



• TV pictures the colour video signal does not extend beyond about 1.5
MHz. Therefore, the colour information can be transmitted with a
restricted bandwidth much less than 5 MHz. This feature allows the
narrow band chrominance (colour) signal to be multiplexed with the
wideband luminance (brightness) signal in the standard 7 MHz
television channel. This is achieved by modulating the colour signal
with a carrier frequency which lies within the normal channel
bandwidth. This is called colour subcarrier frequency and is located
towards the upper edge of the video frequencies to avoid interference
with the monochrome signal

• In the PAL colour system which is compatible with the C.C.I.R. 625 line 
monochrome system the colour subcarrier frequency is located 4.433 
MHz way from the picture carrier. The bandwidth of colour signals is 
restricted to about ± 1.2 MHz around the subcarrier



MODULATION OF COLOUR DIFFERENCE SIGNALS

• The problem of transmitting (B-Y) and (R-Y) video signals simultaneously with one
carrier frequency is solved by creating two carrier frequencies from the same
colour subcarrier without any change in its numerical value. Two separate
modulators are used, one for the (B-Y) and the other for the (R-Y) signal.
However, the carrier frequency fed to one modulator is given a relative phase
shift of 90° with respect to the other before applying it to the modulator

• Thus, the two equal subcarrier frequencies which are obtained from a common
generator are said to be in quadrature and the method of modulation is known as
quadrature modulation





Quadrature amplitude modulated colour difference signals and the position of resultant subcarrier phasor for the 
primary and complementary colours.



• After modulation the two outputs are combined to yield C, the resultant
subcarrier phasor. Since the amplitude of C, the chrominance signal,
corresponds to the magnitudes of colour difference signals, its
instantaneous value represents colour saturation at that instant.
Maximum amplitude corresponds to greatest saturation and zero
amplitude to no saturation i.e. white

• Similarly, the instantaneous value of the C phasor angle (θ) which may
vary from 0° to 360° represents hue of the colour at that moment. Thus
the chrominance signal contains full information about saturation and
hue of various colours



Example

• It would be necessary to first express (R-Y) and (B-Y) in terms of the
three camera output voltages. This is done by substituting

• Y = 0.59G + 0.3R + 0.11B in these expressions. Thus (R-Y) becomes 

• R – 0.59G – 0.3R – 0.11B 

• R = 0.7R – 0.59G – 0.11B 

• Similarly, (B-Y) becomes 

• B – 0.59G – 0.3R – 0.11B 

• B = 0.89B – 0.59G– 0.3R



Example for pure red

• Now suppose that only pure red colour is being scanned by the colour
camera. This would result in an output from the red camera only, while the
green and blue outputs will be zero

• Therefore, (R-Y) signal will become simply + 0.7R and (B-Y) signal will be
reduced to – 0.3R

• The resultant location of the subcarrier phasor after modulation is
illustrated in Fig

Note that the resultant phasor is counter clockwise to the position of

+ (R-Y) phasor



Example for pure blue

• Next consider that the colour camera scans a pure blue colour scene.

• This yields (R-Y)= – 0.11B and (B-Y) = 0.89 B. The resultant phasor for
this colour lags + (B-Y) vector by a small angle.

• Similarly the location and magnitude for any colour can be found out



• Another point that needs attention is the effect of desaturation on
the colour phasor

• Since desaturation results in reduction of the amplitudes of both (B-Y)
and (R-Y) phasors, the resultant chrominance phasor accordingly
changes its magnitude depending on the degree of desaturation.
Thus any change in the purity of a colour is indicated by a change in
the magnitude of the resultant subcarrier phasor



Colour Burst Signal

• Suppressed carrier double sideband working is the normal practice
for modulating colour difference signals with the colour subcarrier
frequency. This is achieved by employing balanced modulators. The
carrier is suppressed to minimize interference produced by the
chrominance signals both on monochrome receivers when they are
receiving colour transmissions and in the luminance channel of colour
receivers themselves



• However, even at 100% modulation two-thirds of the total power is in
the carrier and only one-third is the useful sideband power. Thus
suppressing the carrier clearly eliminates the main potential source of
interference. In addition of this, the colour-difference signals which
constitute the modulating information are zero when the picture detail is
non-coloured(i.e., grey, black or white shades) and so at such times the
sidebands also disappear leaving no chrominance component in the
video signal

• The transmitted does not contain the subcarrier frequency but it is
necessary to generate it in the receiver with correct frequency and phase
relationship for proper detection of the colour sidebands. To ensure this,
a short sample of the subcarrier oscillator, (8 to 11 cycles) called the
‘colour burst’ is sent to the receiver along with sync signals



Colour Burst



WEIGHTING FACTORS
• The resultant chrominance signal phasor (C) is added to the luminance

signal (Y) before modulating it with the channel carrier for transmission.
The amplitude, i.e., level line of Y signal becomes the zero line for this
purpose. Such an addition is illustrated in Fig. for a theoretical 100
percent saturated, 100 percent amplitude colour bar signal. The peak-to-
peak amplitude of green signal (± 0.83) gets added to the corresponding
luminance amplitude of 0.59. For the red signal the chrominance
amplitude of ± 0.76 adds to its brightness of 0.3

• Similarly other colours add to their corresponding luminance values to
form the chroma signal

• However, observe that it is not practicable to transmit this chroma
waveform because the signal peaks would exceed the limits of 100
percent modulation



• This means that on modulation with the picture carrier some of the colour
signal amplitudes would exceed the limits of maximum sync tips on one side
and white level on the other. For example, in the case of magenta signal, the
chrominance value of ± 0.83 when added to its luminance amplitude of 0.41
exceeds the limits of 100 percent modulation of both white and black levels.
Similarly blue signal amplitude greatly exceeds the black level and will cause a
high degree of over modulation.





Generation of composite colour signal for a theoretical 100% saturated,
100% amplitude colour bar signal



• If over modulation is permitted the reproduced colours will get
objectionably distorted

• Therefore, to avoid over modulation on 100 percent saturation colour
values, it is necessary to reduce the amplitude of colour difference video
signal before modulating them with the colour subcarrier. Accordingly,
both (R–Y) and (B–Y) components of the colour video signal are scaled
down by multiplying them with what are known as ‘weighting factors’.
Those used are 0.877 for the (R–Y) component and 0.493 for the (B–Y)
component



• The compensated values are obtained by using potentiometers at the
outputs of (R–Y) and (B–Y) adders

• Note that no reduction is made in the amplitude of Y signal. It may also
be noted that since the transmitter radiates weighted chrominance
signal values, these must be increased to the uncompensated values at
the colour TV receiver for proper reproduction of different hues.

• This is carried out by adjusting gains of the colour difference signal
amplifiers. The un weighted and weighted values of colour difference
signals are given below in Table





Formation of the Chrominance Signal

100% saturated, 100% amplitude colour-bar signal in which the colour difference signals are reduced by weighting factors 
to restrict the chrominance signal excursions to 33% beyond black and peak white levels.



Chroma Signal Phasor Diagram

Magnitude and phase relationships of compensated chrominance signals for the primary and complementary colours.



Phasor diagrams of the I and Q signals in the NTSC system.



Encoding of Colour Picture Information

Functional diagram of a NTSC coder.



NTSC  COLOUR  RECEIVER

Simplified block diagram of a NTSC receiver



(a) Basic principle of Pal-D demodulation. 
(b) Summation of consecutive line phasors in a PAL-D receiver



Block Diagram of PAL Coder



Seminar Topics

• Block diagram of PAL-D colour Receiver
• SECAM System



TELEVISION STANDARDS





Details of Line-Blanking Intervals



Details of Field-Blanking Intervals



Principal Television System
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