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ABSTRACT 

In this thesis stuc!y, the,syOchronizing signals 
which are used in the transmitter systems of the tele­
vision'that is the most common mass communication 
means of today have been studied and a practical studio 
pulse generator which produces necessary synchronizing 
signals for both black and white and colour television 
syst~ms, have been reali~ed. 

In this study, the PAL system which is currently 
being used in Turkey and is .about, to change into colour 
system has been emphasized and all the output Signals 
of the generator have been presented according to the 
requirements of this system. 

In the study, at first, general information related 
to colour television. system" has been give,n, and them 
the detailed structure of the pulse generator has been 

'- presented. By means of thi s pulse ~enerator, tne students 
who are interested in the subject of television or those 
who attend television courses/have been shown and made 
known in laboratory, the black-and-white and colour 
fundamental synchronizing Signals, and thus the subject 
of synchronisation has been aimed at being better under­
stood. 
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OZETQE 

Bu tez Qal~~mas~nda glirilimlizun en yayg~n kitle ileti­
~im arac~ olan televizyonun, verici sistemlerinde kulla­
n~lan senkronize sinyalleri incelenmi~ ve bem siyab'beyaz, 
bem de renkli televizyon sistemleri iQin gerekli senkro­
,nize sinyallerini veren pratik bir studyo darbe ureteci 
gerQekle~tirilmi~tir. 

Qal~~mada, renkli televizyon sistemine geQmek lizere 
olan ulkemizde kullan~lan PAL sistemine ag~rl~k verilmi9 

-

ve gerQekle~tirilen uretecin tum Q~k~~ sinyalleri bu sis-
temin gerektirdigi olQulerde sunulmu~tur. 

Tez Qal~~mas~nda, once renkli- televizyon sistemi ile 
i 19i li genel bi 19i ler veri lmi 9, daba sonra gerQekle~ti ri~ 
len darbe uretecinin ayr~nt~l~ yap~s~ sunulmu~tur. Yap~lan 
bu derbe lireteci vas~tas~yla televizyon dersi alan yada 
televizyon konusuna ilgi duyan ogrencilere laboratuvarda 
renkli ve siyah beyaz temel senkronize· sinyallerinin gos-. / 

terilerek tan~t~lmae~ ve boylece senkronizasyon konusunun 
daha iyi anla~~lmas~ amaQlanm~~t~r. 
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INTRODUCTION 

Sync Pulse- Generator designed in this thesis study 
is the central item of equipment in studio and field 
operations. It establishes the timing of the.line and 
field scanning for both transmitter and receiver. Tbe 
object of this thesis. is .to design a practical Sync 
Pulse Generator that can be used in laboratory as a 
teaching device. It contains both black and white, and 
colour television pulses used in transmitter systems. 

( All colour television systems at present in use 
owe their origin to the NTSC (National Television System 
Committee) system,which was invented and developed in the 
United States of America, but most of the emphasis in this 
thesis - since it is used in Turkey - is n~cessarily 
devoted to the PAL (Phase Alternation Line) system, which· 
was developed to reduce the effects of phase distortion 
of the colour signal. The third-system, which falls outside 

. of the scope of this study is)roown as SECAM (Sequentiel 
Couleur a Memo! re) • 

The thesis study consists of eight chapters. Chapter 
·lgi:ves the i"uncti on of Sync Pulse Generator and its' output 
signals, Chapters 2-5 include the general colour informa­
tion and the principles ot PAL colour television system, 

, . / 

Chapters 6-7 cover the presentation of Sync Pulse Genera-
tor's design details and circuit diagrams. Finally iu 
Chapter 8,8 conclusion is presented_.Greater detail of 
the subuects discussed in Chapters 1-7 can be found in 
references. section given at the end of the thesis. 



CHAPTER 1 

INTRODUCTION 

1.1. NECESSITY FOR SYNO PULSE GENERATOR 
~ . 

In all television broadcasting systems it is usual to 
synchronise all picture sources feeding a studio from the 

I 

same synchronising pulse generator. Sync pulse generator, 
which supplies the various pulses necessaryfor~perating 
a TV studio is the central equip~ent of ,both black and 
white, and colour television transmitter systems. Generally, 
it has a controlled oscillator at twice line frequency 

--(e.g., 2fb-=: 3l250Hz)·and counts down from this frequency 
. to line, field and picture frequencies. Four sets of sta­
tion pulses are distributed to picture-generating sources: 
(1) Composi~te synChronising pulses, comprising the hori­
zontal, equalizing and vertical pulses fl], (2) Horizontal 
driVing pulses, (,) Vertical driving pulses, (4) CompOSite 
blanking pulses. 

The time ofarrlva1 of the pulses at the callera, en­
other source, has to be adjusted so that ~ll pictures arrive 
at the control-room mixer in time synchronism. For PAL 
colour television, it is necessary to distribute three 
:rUrther sets of signals, so that all coders can prodUCe 

'similar colour pictures at the inputs to the vision mixer. 
(5) A·continuous subcarrier reference sinewave is-distri­
buted so that all-balanced modulators are fed with pre­
cisely the same subcarrier frequency. (6) A burst-fiag 
pulse is also distributed, so that all coders key-out 
the colour burst from the continuous reference sinewave at 
the same time. (7) A third pulse train is required to ensure 
.that the PAL alternation sequence is the same in all coders. 
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-nese" extra pulse trains, and the twice Une frequenc7 
"l1eeded::fo't' generating the other stuci:i0 pulses, are derived 
~m.;a' crystal-controlled oscillator ot very bigh stabi-

':. :: li:t7~"hi:ch p1:'oduces the . continuous. reference sinewave. The 
': detailed specifications ot the sync, drivil1g,. blanking, 
. and, extra .·station pulses a't"e shown il1 Fig. 1.1 and fig. 1.2 . 

. 1 
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.1. 2 BASIC REQUIREMENTS OF A COLOUR TELEVISION SYSTEM 

. It is helpful to summarize the main properties which 
a colour television system should possess. 

The system must produce a 'picture of realistic colour, 
adequate brightness aud good definition. In designing it 
due. account must be taken of tbe properties aud limitatious 
of the human eye. 

CO!DPati bi li2_ 
.8) The colour television signalJIIUst produce a uormal black 
and vbi te pi cture on a monochrome recei ver and do so without. 
any modificatiou to the receiver circuitr.y • 

. b) A colour receiver must be able to produce a black aud 
"white picture .trom' a normal monochrome signal~ This is 

sometimes referred to as nreverse compatibility". 

ConditiousBecessary to Establish C0!patibility 
I 

To, be fully compatible tbe colour television signal 
must: 

: .~, Occupy, the same bandwidth as the corresponding monochrome 
signal. 

,b) Employ the same location and spacing of the sound and 
vision carriers. 
c)'Use the same deflection!requencies. 
d)-Employ tbe same, line aDd field synchroni,ziug signals . ' 

e),Conta1n.the same tuD¢emantal brightness (i.e., lullinance) 
, . 

information as would a .onochrome signal transmitting the 
same scene. 

· f) .. Contain additional colour information together with the 
, , .. ancillary signals needed to allow this to be decoded~ 

g) Carry the colour i~ormationin such a way that no visible 
sign' of it appears on a monochrome receiver's picture. 



COLOUR PERCEPTION 

2.1 . COLOUR VISION AND OOLOURMIXING 

The human eye is not uniformly sensitive over the 
visible spectrum. Fig. 2.1 shows the relative response 
of the "average eye" to light of constant luminance pro­
jected at, various wavelengthstbrougbout tbe spectrum. 

, The curve peaks in the yellow-green region and it is inte­
resting to note that a curve showing the distribution of 
energy in suuligb~, peaks in this same area. The full-line 
curve shows the average observer' s subjective -impression 
of brightness under daylight conditions. As shown by the 
second curve, under near dark conditions the response curve 
shifts to the left. Light of a single wavelength is said 
to be monochromatic. Our ability to distinguish a ·variety 
of different colours might be supposed to indicate the pre­
sence of au equal number of different types of cones in 
retina; each type being "tuned" to only a small band, of 
frequencies. If the cones were monochromatic in this w.BY, 
tben a given colour impression .could "only" be produced 
by e.m. energy baying tbe~ppropriate wave-len~b. This is 
not, however, true. Shining monochromatic light on the 
retina.isnot the only way of creating a given colour impres~ 
sion. For example, some monochromatic yellows may: be matched 
by the simultaneous arrival at the retina of red. and ,green 
light. Almost all colours can be matched by mixing only 
three coloured tights; red, green, and blue.(~mar,y Colours). 

This behaviour of tbe eye is consistent with tbere 
being three, types of cones only, each ~having a different 
response curve; the three response curves overlapping in 
such a way that all-spectral colours are beneath either 
one only, or else part17 under two t of the three curvEts. 
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Fig. 2.2 illustrates this. It will be seeu that yellow 
.aotivates both red aud greeu cones. It is . logical to 
. deduce that when red aud gre~~ light reaches the retina 
at the same time, the simultaneous excitation of the red 
and green cones gives a mental impression which is in­
distinguishable from monochromatic yellow. , 

In order for colour to be seen, e.m. energy has to 
reach the eye. An object is seen by the light reflected 
from it. If it looksr-green in daylight, "tben this must 

'. imply that although it is bathed in "whi te" sunlight, 
it is only reflecting the green part of the light back 
to our eyes. The remainder of' the spectrum is "absorbed". 
An object therefore looks-coloured because it only reflects 

" . \ '. ~ . 

part of the visible spectrum and absorbs the rest. The 
colour stems from the incident light. 

The colour of an object is determined by pigments. 
These, are chemicals which create a given colour by s,ub­
trac'ting parts o~ the spectrum of the incident white 
lihgt. The remaining light is reflected and this gives . . 

the object its characteristic colour. Making colours by 
mixing paint pigments may therefore be described as a 
process of "subtractive mixing", since each added pigment 

. subtraots more from \ the' whi:te light and leaves: less to 
to. reflected to the eye.'Oonversely, it is possible to 

. create. colours by the addition of coloured lights. This. 
is knO!ffi as flAdditive miXing". These two distinctly diffe­
rent processes are now discussed in turn. 

Additive.Mixing 

AdditiVe mixing is simpler to reme'mber than the theory 
of subtractive mixing. A colour television receiver does. , 
not cr~ate colour by starting with white light and subtract­
ing parts from it. Here colours are created by mixing red, 

green and blue lights. The process used in this system is 
( 

shown in Plate I. ", 
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Red + ~reen = Yellow 

,Red + Blue = Magenta 

Blue + Green =·~.CYan 

Red + Blue + Green = White 

Red, green, and blue are called primary colours, while 
':~ yellow, magenta, and cyan are mown as complementaries. 

If,· a' oomplementary is' added in appropriate proportions 
to' the one primary which it itself does not contain (e.g., 
yellow + blue), white is produced. 

Subtractive Mixing 
\ / 

This may be demonstrated by imagining that various 
.. -,- . 

. '. colour'pigments are superimposed one upon another. Plate II 
'. '-illustrates the result when the three complementary colours, 

yellow,' magenta, and cyan are used. ~ese ar.e shown partially 
.... overlapping so that the' effects ~ of any combination of them 

\ 

may be seen. It must be remembered ~hat it is no longer light 
,so\n.~cesthat are being considered. White light is shining 

- ~ dOWn 'on' the 'pigments which then absorb parts of the spectrum 
and· reflect the rest. The results are summarized below: 

Yellow'= Vhite- Blue 

/Magenta & White - Green 

:'lyan = White' - Red. 

YellOw and Magenta = White - Blue -.JGreen = Red 

'" Yellow and Cyan • Wbi te - Blue - Red a Green 

Magenta andOyall :Wbite - Green-Ked • Blue 

.low aDd Magenta and o,.an = White - Blue - Green - lled ;; Black 

"·This: expre'ssions are intended to show the sequence ot 
events"wben the pigments are added in turn. For example,,, 
yellow on its own merely subtracts blue light leaving the 

. red and' green parts of the Spectrum which when seen together 
"-look~ellQW. Magenta 0Jl' tbe other band, takes out green 

lean.,ng only 1'ed and blue whicb is seen as Hagenta. When 
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, , the, twopis*ents, yellow aud.' Magenta,are added ,there 
is only one colour whicb both reflect. This is red, 
whicb is wbat is seen. 

Grassman's Law 
It is found experimen;tally' that ,the eye behaves as though , 
~be noutputs" ot the three, types o~ cones~ ,are additive. 
The subjective impression whiCh is gained wben red" green~ 

, ! ) 
and blue lights reach the eye'simultaneously, Ilay be, 

I ' 

"nmatched" by a single Ught source baving a colour wb1ch 
i's judged the salle as that recorded, by tbe eye when receiving: 
the three separate' primaries andot a luminance numerically 
equal to tbe SUIl ot the luminances ,of thetbree primaries. 
This apparent property: of the eye of producing a reJ5ponse 
which depends upon the algebraiesull of the red, green, 
and.-blueinputs is relerred to as Grassman's law. 

!Tichromatic'UDits 
, 

The following luminance equation expresses tbe approximate 
, quantities of the' tbree colom-television primaries, which 
, arenecessa-ry to produce one lumen (the quantity of luminous 

" • flux which taIls per second upon a surface ot unit area 
placed unit distance ,f'roll a Iliglit 80urce' ot' one, candela)' 

ot' white light: 
11. ot wbi te = 0.:;0 ll1 :of T'ed .. 0.59 1. of lHen ,~ 0,.11 Ill' 

of' blue (1) 

These 4 proportions are referredto'many .times during a 
I ' 

stUdy' of colour television enginee1:'ing. !Por some pUJ'Poses 
, bOwever,they make things unduly complicated. To overcoae 
this the concept of trichromatic units i,s used. By definition, 
when measured in T-units,white Ugbt is said to be Ilad~ 
up of equal quantities of tbethree pMmaries. hrther, the 
magnitude of the T-unit is such that: 

1 lumen of vhi te II 1 ~uDi t of red + 1 T-uni t ot green + 
1 T-unit of' blue (2) i.e. ,\ 

1 1. white = IT (R) + 1 T (G) + 1 T (B) 
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A comparison of (1) aDd (2) shOws .that: 

1 !-unit ot red a:: 0.3 lumen 

1 T-unit ot sreen~'= 0.59 lumen 

1 T-unit ot blue ~ 0.11 lumen 
\:;.< 

It. is thus easy to translate a given number ot T-units 
of. any primary into lumens it neces~ar.Y. Meanwhile, by / 
the use o~ T,units,. the' awkward numbe1's are removed 
£1'om a great deal ot the discussion of colou1' theory. 

2.2 COLOUR TRIANGLES AND CHROMATICITY' DIAGRAMS 

'.~ Ac.olour triangle is a diagram which allows the 1'e18-
tionship between given. chosen p1'imarie~ ,and the colours 
which maybe obtained by mixing them, to be port1'ayed in 8 

simpl~ and convenient torm. Oarried to ~hei1' most sophi&­
ticated torm (e.g., in the e.I.E. ch1'omaticity diagram), 
tgey become devices which allow any colour to be precisely 
.d~signated numerically in te1'IDS ot cO-0l:'dinates-on the 
di,gram. Fig. 2.3 shows an equilateral triangle With the 
th1'ee primaries in th~ corne1's. The colours tormed by· 
airing red and green a1'e shown along the side R.G. Yellow 
£a1-1s .. midway between -red and green, wi tb orange on ·\one . 

r~side of'it and "yellowish greenn - on the other. Similarly 
magenta falls between' redaud blue, and' c78n is between' 

:blb~·and,green. Con~butions f1'olll all three primaries are 
. needed. to create all hues which lie within the triangle, 
~ as distinct f't'om on its boundaries. At the centre of the· 
triangle the

i 
contriJbutions of thetbl.'ee primaries are I 

equal so that this'is the position of wbite. Tbe two colour~ 
_ connected by a111 st"raight line dr.-awn diametric~lly across I 
the triangle to pass through Ware complementar.y colours; I 

. i.e., togetber they f01'm white. 
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G 

\ / \; I I i 

cyo";.(. I w' 'Yellow 
I , / /'\ _/ , I ./' ' __ 

"-~/ 
While 
/' ...... 

/' I "-
//' I ( ' .... ~ 

/' -: ',,-
,,/ I "-/ 
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Blue \ , "'ogenlo \ ( Red 

Additive mixing colour triangle 

Hue and. Saturation 
At point R, red is completelY pure aDd is said to 

" -
be "full1' saturated". On aoviug towards W on the line RW, 

. the red becomes diluted .with white 80 that the pure red 
"':; changes toa pastel shade of red (pink) and.-tinally the . . , 

red tint dissapears altogether at paint w. 
A colour is said to be "desaturated" when vhiteis 

. added to it. In colour technology, the WOM "bue" is 
used to describe the characteristic which normally is 
known-as colour. To describe ~ given colour impression, 
three qualities have to be considered. These are brightness 
(i.e., luminance), hue, and saturation. A colour triangle 
is only tvo dimensional and shows bue and saturation but 

. not brightness •. In Fig. 2~3 pOint P represents a red hue 
ot low saturation. Another dimeneion (e.g., out of the 
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paper, along a line perpendicular to point P) would 
be needed to show the brightness of the red hue at P. 

However, in a tele~sion sigqal, it has already been 
pointed out that the brightness of a colour is trans­
mitted as the "luminancea signal. The other two qualities 
ot "hue" and "saturation", hence represent the extra 
information,which has to Qe transmitted in a colour 
television signal. A colour triangle ~s therefore help­
ful in demonstrating what it is that has to be accomm~ 
dated by the "chrominance" (i •• e. colour-bearing) signal 
which, when transmitted with the luminance signal, will 
provide -' the colour receiver with a complete descripti on 
ot the colour in the scene, i.e., its hue, saturation, 

• 
and brightness. 

The diagram becomes more usefUl if it allows the 
proportions of the three primaries which are needed to 
create a given hue to be read off and also allows the 
position of the hue to be designated simply by quoting 
co-ordinates. It is possible to use an equilateral triangle 
for this purpose but a right-angled triangle is simpler 
and more convenient to use. 

Fig. 2.4 shows such a triangle. Let the quantity 
. of each hue shown, be LT-uni t. Red is plotted along the 
x: axis and green along the y axis. The amount of blue 
prese?t in a given hue is deduced by a simple application 
of Grassman's Law. Since 1 T-unit of each hue has been 
specified, the sum of the red green, aDd blue components 
of a given hue is unity. Hence the number of T-units of 
blue is found by subtracting the sum of the red and green 
T-uni ts trom 1. 
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Additive mixing colour triangle 

Two examples will serve to show bow the triangle is used: 
(8) The bue IQ': Thish~e is located by quoting the co­
ordinates R::O.5,G.O.2." These numbers also indicate that 

, 

1.T-uBi t of the hue '<I I contains 0.5 T-uni ts of red and. 

e.2 T-units'of green. It- follows that the amount of,blue 
is l'-~ (0.5+0.2) • 0.3 T-l1nits, i.e., 1 T-unit of i/-

4 

A = 0.5 T(R) • 0.2 T(G) + O~3T(B). 

(b) The hue 'PI: This hue is located on the x axis.~ Its 

,'co-ordinates are x,·,-= 0.25, '7 I: o. 
at a thus consists of 0.25 T-units 
green, and '1·- 0-.25 = 0.75 T-units 

ODe T-uni t of the hue 
of red, 0 T-uni ts of . 
of blue. 



COLOUR TELEVISION SIGNALS 

3.1 INTRODUCTION 

As it is seen earlier, the picture information in 
a :.compatible transmitted signal consists of two parts; 
a ."luminance" signal representative of the brightness of 
the element being scanned and a IIchrominance" signal 
which bears the extra data on hue and saturation necessary 
for a complete description of the colour of the picture 
element. The luminance signal alone serves the needs of 
a monochrome receiver, producing at the c.r.t. a voltage 
proportional to picture brlghtness~' In a colour receiver, 
the ultimate requirement at the display device is three 
voltages proportional to the red, green, and blue content 
of the scanned element. 

The red, green, blue, and luminance voltages are 
often wri tten as ~, EG, ~ and By. As a si mplifi cati on, 
the prefix E is omitted and the. symbols R, G, Band Y 

"represent these voltages directly. These usually appear. 
• I T 

'primed'- as R , G , B , and Y', which indicates that the 
voltages have been': "Gamma corrected II • 

3.2 GAMMA (~) CORRECTION 

4Regarded overall a television ~ystem ought (as a first 
approximation) to be Unear; i.e., the light em,tted trom 
the receiver should be directly proportional to the' light 
falling upon tbe camera target plate. However, a receiver 
c.r.t. does not emit light in direct proportion to the 
voltage applied between grid and cathode. This is Chiefly 
due to the non-linearity of the beam current against grid 
voltage characteristic, rather than the light output 

, against beam current characteristic, which is largely' 
linear. If the luminance (L) of the screen is platted 
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against the grid-to-cathode input voltage (Vg), the 'curve 
(f'or low values of' V g) is roughly parabolic, i. e., ), 

'L cc: (V g)2. In general terms the non-linear relationship 
between light output and voltage input may be expressed 
by writing L ~ (V g)'I • To compensatef'or this non-linear-
ity at the receiver c.r.t., an opposite distortion, refer­
red' to as gamma correction, is introducted at the picture 
sourpe. If' E is the camera voltage resulting f'rom a ~ven 
light input (L), then a gamma corrected voltage of BYt 

will yield a light output at the receiver which is directly 
proportional to the light input at the camera. Hence: 

Receiver light output ex: (V g)'t:o:; (EYt)t cc E 

Fig. ;.1 shows a plot of' both the transmitter and receiver 
characteristics. 

I .: --~--~-'r-~-,---.- ---,.-,.....--,h---,---, 
. i I I i 

... I 3 -' --- -- - 't-- --l---.--~-+_-'-----1--+-+--:-----'~ 
~ ; '1· i 
~ I 2~---~~~~~~~--~J-~-4~~~~ 

i " 
"5 I I 
Q. I I -~--"-------'---+---"---i--+-+--;i"'--::~=---~ 
~. Camera output at t~e 

~ I O~ transmitter is pre-distorted ---i--:----:;IC-+----+--r--~ 
o , . by !he appl,cation of a I 

~, gamma correction of, I --,;~f-f--t---i---~-+---i o 9;------- y = ,t'/z'2 , j-. 
~ ~ 0 S"-- ! "-, i· i 
o 8 

f 

!'ranaJrltter and receiTer'tga..-at curnt8 

(tort =2.2) 
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It is presupposed that the camera voltage E,has been 
arranged to be linearly related to the light input. The 
chosen value for £ris~.2 i.e., the transmitted signal' 
is ,said to have a gamma of 1/2.2 =-0.45. 

, ,For the transmitter, the x axis is the, camera vol­
tage output, and. the y axis is the gamma-corrected versi.on 
oftbis voltage (i.e., y= x¥t = X~·2). For the receiver 
the x axis is the voltage input to the c.r.t. and the y 
axis is the c.r.t.'s light output. Both axes are scaled 
in relative amplitudes, from 0 to 1.0; i.e., 1.0 repre­
sents the ma,ximum value the quantity may have and all 
other levels then fall between 0 and 1.0. 

In a more general sense the words "system gamma" are 
used to express the relationship between the light output 
at the receiver and the light input at the camera, i.e., 
to describe the overall "light characteristic" of the 
enti re system. 

3.3 COLOUR DIFFERENCE VOLTAGES 

To drive a.colour re~eiver c.r.t. (e.g., a sbadow 
mask tube) the volta~es R', G', and B' are required. A 
voltage l' is available from the demodulated luminance 
signal. By providing three othe~r voltages (R'-I'), (G'-I'), 
and (~'-I'), referred to as colour-difference voltages, 
the required R', G1 , and B' colour yoltages are obtained 
by simple algebraic addition. Thus: 

(R '-I') + I' 

(G'-I') + I' 
(B'-I I) + I' 

----
--

R' 
G' 
B' 
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'HWiietion of Luminance and Colour~Difference Voltages, 

Fig.' 3~2 shows how these voltages may be derived at the 
t-ransmitter. The scene is analysed into its -red, green 
and blue content by passing images of it through red, 
green, and blue filters to three cameras. On white, 
these three cameras are adjusted to give equal output' 
voltages. On "peak-whiten (i.e., m~mum brightness) 

,let the common level be taken as unity, e.g., 1 V~ On 

gr'eys (i. e., on whites, of lower brightness) the three 
voltages remain equal but have a level of less than lV. 

r, -------------:-] ep~y,) " ,. 
" . ' i 

I IP:Y"! '1-1---'_ 

i 
i, 
I 

! 
i 

A4d~1 t 

-=- - ---,.- - - - -- --
II ' 

---_._-- _. ---_. --------------. 

Fig. ,.2 

Productioh of l~nance and colour-difference 

voltage. 

To produce" a voltage representative of the luminance of ,the 
scene, the proportions 0.30,0.59, and 0.11 of RI, GI, and 

B'respectivelrare added. Then: 
yl = 0.3R ' .O.59 G'+ O.llB' 
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Colour difference voltages are derived by substracting 
the luminance from the colour voltages. Only CRt_yt) 
and CB,-yt') are produced. It i~ only necessary to 
transmit two of the three colour-differ~nce signals 
since the third may be derived from the other two. 

A circuit in which signals are combined in given 
required proportions is called a matrix. The essential 
properties of a matrix are that it must: 
(a) operate upon the input signals to establish them, , 
wi th the relative amplitudes and polarities needed for 
the combined signal. 
(b) provide a method of combination which prohibits 
interaction Ci.e.,cross-talk) between the va-cious signal 
sou-cces. 

, Often a matrix may consist simply of resistors which 
act as attenuators to set the input signals at the neces­
sary relative amplitudes. It may, however, include non­
inverting and/or inverting amplifiers. In Fig. 3.2, ~he, 
dotted box marked A includes a simple resisto-c matrix 

, for establishing the R t, G', and B t signals in theapprox­
i1Date proportions 0.3, 0.59, and 0.11. If the -output 
impedances Ro of the cameras are low and Rl , ~, and R3 are 

'" _ "all made much larger than ~oth Ro ~nd the commonresi stor 
Rc across which the Y' ,signal is developed, then cross­
talk-is minimized. If "peak-white" is assumed to be present 
and the camera voltages are all at lV,' the required 
immunity from cross-talk may be arrived at by reducing 
the Y' voltage across Rc to a level much lower than lV, 
and then passing the Y' signal through an amplifier to 
establish, Y' at 1 V. This makes Rc small compared with Rl , 

R2 and R,. 
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The resistor values for the three potential dividers 
R1Rct R2Rc' and R3Rc ~are therefore calculated not only 
to achieve the correct R', G', and B' relative levels 
of 0.3, 0.59, and 0.11 but also to scale down these 
three voltages by a 'factor n equal to the gain of the 
amplifier. In this way the resistors Rl , R2 , and R3 
serve the dual purpose of adjusting the relative 
amplitudes of the R', G'_, and B' signals and of isolating 
the cameras from one another. To obtain (R'-Y') and 
(B'-Y'), the II signal output from the yl amplifier is 

. first inverted (so that + yl becomes -Y') and then added 
to R I. and B I • 

The Chrominance Signal 

The two colour-di-fference signals are modulated on 
to sub-carriers and combined to form what is then called 
the chrominance signal. It is the method of modulated 
which marks the difference between the NTSC, PAL, and 
SECAM systems... In the broadest sense the quality of 
"chrominance" defines the difference between a coloured 
area and a neutral grey of ... , the same luminance, and the 
expression "chrominance information ll embraces that part 
of· a video signal which enables a colour receiver tb 
describe an area in colour rather than in monochrome. 

Disappearance of Colour-Difference SignalS on "Whites ll 

,. 
The colour-difference signals equal zero when greys 

or whites are-being transmitted. Tbat this must be so, 
is easily seen • 
(a) on peak-white. 
Sere RI=:G I = B' = 1.0 but 
Y' =. o. 3 R' + 0 .. 59 G' ... O. 11 B 1=:0. 3 (],) + o. 59 (1) + 0.11 (1) = 1 

hence 
(R'-Y') = (1-1) = 0 and eBI-y') = (1-1) = 0 
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(b) On gr:eys~ 

Again·R'=G' =B' but the level is less than 1. In general 
case, let the common voltage be V, then 
Y' = 0.:; R' + 0.59 G- '+: O. 11 B' = 0.3 v... o. 59 v... 0.11 V = V (1) = V 
hence 
(R'-Y') = (V-V) = 0 and (B'-Y') = (V-V) = 0 

. The disappearance of the colour difference signals during 
the grey or white content of a colour scene, or completely 

. during a monochrome transmission, is an aid to compatibility 
in the NTSC and PAL systems. 

Values of Luminance and Colour-Difference Signals on Colours 

On colours, the voltages RI, G', and B' are not equal. 
Tbe Y' signal still represents the monochrome equivalent of 
the colour since the proportions 0.3, 0.59, and G.ll taken 
op RI, G', and B' respectively, repre.sent the contributions 
which red, green, and blue light make to the luminance of 
the colour. Let's see an example for a de saturated purple: 
The word desaturated indicates the presence of some white 
light so' that R', _ G' ,and B I voltages must all be produced. 
The hue, however is pur..ple which implies.a mixture of red . 

. and blue. Hence R' and B' predominate and both must be of 
greater amplitude than G' .. Suppose R'=0·7, G'=0.15, and 
B'=O .. 6.·The white content is represented by equal quantities 
of the three primaries and the actual amount.must therefore 
be indicated by the smallest of the three; i.e., in. this 
example G'. Thu s white is due to o. 15 R', 0.15 G', and 
0.15B'. The remaining 0.55R' and 0.4-5B' togetberrepresent 

tbe magen:ta J1ue. 
(i) To calculate the luminance signal 

y.' a 0.3R' ... 0.59G' ... O.llB' 

= 0.:; (0.7)'" 0.59 (0.15) ... 0.11 (0.6) 

= 0.21 .... 0.0885 ... 0.066 = 0.:;645 
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(ii) To calculate the colour-difference signals 

(R' -Y' ) = (0.7-0.3645) = + 0.3355 

(BI-Y' ) = (0.6-0.3645) =- + 0.2355 

(iii) Reception by a colour set. 

In a colour receiver these three signals (i.e., the 
luminance at (i) and the two colour-difference signals 
at (ii) are recovered. The missing (G'_yl) colour-dif-

,ference signal is recovered by combining suitable pro­
portions of (R'-Y') and (B'-Y'), clearly (G'-Y') = 
(0.15-0.3645) = - 0.2145. 

Then, by a process 'of matrixing, the required original 

colour voltages are obtained. Thus: 

R' = (R'-Y')+I' = 0.3355+ 0.3645= 0.7 

G' = (GI-I')+I' = -.0.2145+0.3645 = 0.15 

Bt = (B'~I') + I' = 0.2355 .. 0.3645 = 0.6 

(iv) Reception by a monochrome set •. 
..., 

In a monochrome receiver only the luminance signal I': 0.3645 
is recovered. Since peak -white to the same relative scale' 
wopld.be 1.0, it is clear that the purple colour described, 
shows up only as a fairly dull grey in a black~and-white 
picture. This is as would be expected for this colour. 

~oiarity of Colour-Di!r~~nce Signals 

In the example above, it is seen at (ii) that both (R'-Y') 
and (B'-I') are positive. Whereas, both (R'-I') and-(B'-I') 

. may be either positive or negative, depending upon tbe 
bue tbey represent. Table 3·1 shows their polarities for 

various groups of hues. 



Hue 

Purples (magentas) I 
Red, orange, ~eJlo\>' 
Yello\>' -green, green 
Blue-green (cyan), hlue 
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Po/a rill' of 
(R' - or') 

+ 

Table 3.1 

PO/llrill' 01 
(B' - "}") 

+ 

Colour-difference signal polarities for variou~ hues 

3~4 CHOICE OF CHROMINANOE SUB-CARRIER FREQUENCY 

To meet the requirements of compatibiljty the chrominance ~. 

signal has to be contained within the "existing bandwidth 
of the corresponding monochrome signal. 

In the:.,.~· ,;:~25 -"line system video frequencies extend 
from 0 to 5.5 MHz. The chrominancesignal has to fit 
within this bandwidth. It is a self-contained signal and 

"is simply added to normal"picture information (i.e., the 
II luminance 11 "detail) to become part of the video signal 
which 4 modulates the vision carrier~ Fig. 3.3 (a) shows 
the bandwidth of the normal 625 - line vision signal. In 
Fig. 3.3 (b) the chrominance signal is. added as a shaded 
area approximately centred on a sub-carrier frequency 
shown as fsc' where fsc= 4.43361875 MHz. (PAL system) 

It is helpful to summarize some of ""the!actors which 
.govern the choice of the subcarrier frequency fsc: 
(a) For minimum interference, fsc must be as high as 

possible 
(b) Having specified a bandwidth of approximate'Q-y lMHz 
for the colour-difference signals which modulatetbe 
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Ttle"l~to"'· C'hQn~! 
bond.,d't; : B M"1: 

(b) 

U.X.· 625-line television signals ahow~ t.requencies expressed relative 

to the Yiaion carrier (r ) 
. TC l' 

(a) ShOW's a norul -.nOchrOlle signal 

(b) Shows the corresponding colour signal 

'Bub~carrier, it must be sufficiently below 5.5 MHz to 
'aliow in the upper sideband of the chro,minance signal. 

(c) In'the ,PAL system, the chrominance signal is ampli­
tude modulated and "equiband" (i.e., its two parts are 

:.~ of equal bandwidth). It requires a total bandwidth of . 

-2 MHz . centred on the sub-carrier. The highest possible 

'val~e for fsc is henc~ (5.5 - 1) = 4. ~ MHz, 'if both side­
bauds are to be fully accomodated. 
(d) Cross-talk between chrominance and luminance infor­

mation must be minimized. 
r 

(e) Since the sub-carrier falls in the normal video 

frequency ,spectrum it. will pass through the video ampli­
(i'ers in monochrome receivers. 
As it is a high frequency it will give rise to a 'dot­

'patte'tn' along each raster line. The nume-r:ical relationship 

_ . between fsc and the line frequency i , .. ,,',:-" .fh must be 
- 'chosen so that the dot-pattern Sh~fts horizontally on 

successive raster lines in such a way the visibility of 
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-

this interference is minimized. As a conclusion, it is 
found that the most, suitable place for the subcarrier 

"is between the 283 and 284th~barmonics of the video 
carrier. 

Frequency Interleaving 

When the spectrum of a television vision signal is ana­
lysed, it is found that the energy is not uniformly 

'distributed throughout the channel bandwidth but exists 
in buncaes of frequencies centred on harmonics of the 
line frequency. The reason' for this is easily seen. 
For simplicity, suppose that the vision carrier fvc is 
modulated by a video signal of the. form' shown in Fig. 3.4 
(a"). This represents 'black' ras"ber lines. Fig. 3.4 (b) 
shows the negatively modulated vision signal bearing 
this information. For every frequency component in the 
modulating waveform, there will be a pair of side-fre­
quencies one lying above and the' other below f vc • But 

) 

, the fundemental'frequency of' the modulating waveform is 
15,625 Hz, i.e., f h • Because it is a tsquare,' type shape,' 
of an unequal mark-to-space ratio, this waveform is 

, equivalent t9 the sum total of an infinite series of 
sine wave harmonics of f h , i.e., ~h' 2'f'b' 3fh' etc. 

'" . 
"t:l 

: ~ Feo k .... !"lIt€ lev-et 
Ci, 
E, 
o 
o. 
~ i Block le~et 
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f 

(0) (b: 

Fig. 3.4 

(a) Show~ the form of
/
_ a monochrome system video signal 

on 'black' lines. 

(b) Shows ~e form of the corresponding negatively 

modulated vision carrier 
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,. 

Th"ese sine waves grow progressively smaller in amplitude 
as the frequency gets higher. The spectrum of this vision 

signal is thus fvc±fh , fvc:t2fh~fvC±3fb.' ••• , etc. 
). . 

Tbe highest harmonic accomodated i~ the vision signal 
is clearly: 

(5.5 MHz+fh) = 5.5 x 106 + 15625 = 352. 

Fig. 3.5 (a) illustrates this distribution of-line 
harmonics in the vision signal. If the video waveform on 
its own is considered,. this itself is modulated· by 50 Hz 
and 25 Hz components due to the field synchronizing signal . 

. Each line harmOnic therefore has groups of 'side-frequen­
'cies' around it, at 25 Hz intervals. For any static scene, 
since all detail repeats ori succ~ssive.pictures, .the 
bunching is very marked. With normal pictures, where 
detail is constantly changing, the spectrum is more complex 
but there are still regularly spaced clusters of frequency 

" 

components with intervening spaces which are only sparsely 
, . 

. occupied. It'is into these spaces that the chrominance 
signal is fitted. 

~:n,bit peS··'OI' 
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Showing the principle of frequency interleaVing 
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In the original NTSC system the chrominance sub-
carr1er was made to fit exactly between two line harmonics, 
i'.e., its frequency was of~set-'by half the-line frequency 
from a line harmonic. This is known as 'half-line offset' 
and it involves choosing a subcarrier of frequency equal 
to an odd multiple of half the line frequency. In the 
U.S.A., fsc = 455 x fh/2o Since the chrominance signal is 

itself an r.f. carrier which is interrupted at line fre­
quency, it also, bas a spectrum consisting of bunches of 
side frequencies'spaced at intervals_of f h • These range on 
either side of f sc • In the composite vision signal the 
cbrominance bunches clearly interleave with those of the 
luminance signal. This is illustrated in Fig. 3.5 (b). 

Dot-Patterns 

The sub-carrier causes the brightness of a raster line 

" to rise and fall sinusoid,ally from one end of the line to 
the other~ If the posi ti ve and negative peaks are regarded, 
as producing white and black dots it is ,possible to ,assess 
the overall pattern by working out how the white dots on 
successive lines are positioned relative to one another. 
The number of sub-carrier cycles per line is equal to 
fsc/fho But in NTSO, fsc= n(fh/2) where n is an odd number. 

Therefore 
n 

---
2 

Since n is an odd number, there is therefore an odd number 
of half cycles on each line. On any ,two successively scan­
ned lines of one field, the white dots move along by half 
a cycle. Vertically this tends to give cancellation since, 
white and black dots fall beneath one another. 
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. Since one line contains an odd number of balf cycles, 
it takes two lines to contain an even'number of full 
cycles. But one picture contains an odd number of lines 
so that on 'corresponding' lines of 'successive' pictures 
the sub-carrier is in antiphase, again tending to give 
cancellation. As it takes two pictures to contain an even 
number of cycles the dot pattern follows a two picture 
i.e., a four-field cycle. Working out the rel~tive positions 
of sub-carrier cycles on raster lines over a four-field 
sequence, establishes that any remaining visible pattern 
is in the form of slanting black and white lines at an angle 
of about 450

• This gives minimum interference since slanting 
patterns of dim closely packed lines are far less visible 
than similar vertical lines. 

The nature of the PAL system is, howeyer, such that 
if the sub-carrier were chosen on the basis of half-line 
offset, then -on certain hues- dots tend to line up verti­
cally to give an annoying interference. To overcome this 
"quarter-line offset" is used i.e., fsc is equal to' an odd 
multiple of one quarter of the line frequency. For optimum 
results this is modified slightly by the ad:lition of 25 Hz ' 
to create a phase reversal on each successiye field and 
the actual relatibnshiP between fsc and fh in the PAL system 
is given by: 

fb 
1 + £:L fsc - (284 - -) - 4 2 

fsc = 15625 (283.75) + -22- = 4.43361875 MHz, 
2 

With quarter-line offset, four lines are needed to contain 
'J an even number of sub-carrier cycles and four 'pictures' are 

needed to produce a total number of lines whicb is divisible 
by four. The dot pattern therefore follows a four-picture or 

-eight-field sequence. The pattern repeats once each 8/10 se-
.. ,' cond, i.e., at the rate of 6.25 times per second. 
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3·5 CHROMINANCE SIGNAL BANDWIDTH 

In the c .. 625 - line system, with a video bandwidth 
of 5.5 MHz, the chrominance signal is double sideband up 
to 1.07 MHz (i.e., 5.50 - 4.43 = 1.07 MHz), but the attenua-

~ 

tion of higher frequencies is thereafter more rapid in 
the upper sideband than in the lower. 

Some other 625 - line systems (e.g., in Europe), have 
a video bandwidth of 5.0 MHz but use the'same chrominance 
signal sub-carrier frequency as the' U.K. for PAL colour 
televisi on signals (i:-e., fac = 4.43361875 MHz). Since the 

. same colour difference signal bandwidth of 1 MHz is also 
used, the chrominance signal is of vestigial sideband 
teype. The upper sideband attenuation slope starts at 0.57 
MHz (i.e., 5.0 - 4.43 = 0.57 MHz), but the lower sideband 
extends to 1. 0 MHz before attenuati on begins. 



COLOUR-BAR SIGNALS 

4.1 INTRODUCTION 

A standard colour-bar waveform produces on a colour 
receiver screen, eight vertical bars of uniform width. 
These include the three primaries, the three complemen­
taries, white, and black. They are arranged in descending 
order of luminance from left to right. This places them 
in the order: 

white yellow cyan green magenta red blue black 

On a monochrome set this produces a peak-white stripe on 
the left of the screen, followed by grey stripes which 
grow progressively darker from left to right. Colour-bar 
si.gnals are in practice entirely electronically generated 

"\. 
so that actual li~ht a~d cameras have no part in the forma-
tion of such signals. However, an electronically generated 
signal represents coded information about light and gives 
rise to· the appropriate light output at the receiver. Each 
bar is treated in turn. The luminance and chrominance signal 
amplitudes are calculated and the composite video signal 
is then deduced by adding these two components to the line 
blanking period waveform •. 

4.2 QUADRATURE AMPLITUDE MODULATION (Q.A.M.) 

PAL and NTSC systems botb employ quadrature amplitude 
modulation (Q.A.M.) of the cbrominance signal. The Q.A.M. 
chrominance signal may be resolved into two sine-waves of 
sub-carrier frequency at 900 to one another (i.e., in quad­
rature). One of these is proportional in amplitude to the 
(R'-I·') colour-difference signal and the otber to (B'-I'). 
Each of the colour-diffe~ence signals may be either posi­
tive or negative. The subcarrier sine waves which represent 
(R'-I') and (B'-I') bave to indi~ate what polar~ty these 
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'~signals have as well as showing their amplitudes. This 
is achieved by making the polarity reveL'sals of colouL' -
difference signals cause the sinewavesL'epL'esenting these 
signals to be inverted (i.e., to change phase by 1800 ). 

Hence each sine wave may have one of two possible phases. 
The phase' of the sine wave representing + (B'-Y') is taken 
as the reference phase of 0 0

; and this sine wave switches 
to a phase of ~1800 wben (B'-Y') is negative. The otheL' 
sine wave is at ~900 when CR'-Y') is positive and ~2700 
(i.e., -900

) when (R'-Y') is negative. This may be illustra­
ted by a pbasor (i.e., vectoL') diagram on which each of 
the subcarL'ieL' frequency signals is represented as a phasor. 

(Figure 4.1). The diL'ection in which each phasoL' points and 
its length give a direct indication of the polarity and 
amplitude re~pectively of the colouL'-difference signal the 
sine wave represents. 

In a PAL signal, the sub-carrieL' sine wave repL'esenti?g 
,(~I_y') is phase inverted on alteL'nate lines. Suppose, for a 
particular hue (e.g., red), that in the NTSC signal the 
CR'-Y') component bas apbase of ~900. In a PAL signal one 
line is identical to tbe NTSC signal but on the next the 
phase of this component is switched to +2700

; returp.ing, 
again to' 900 on'the following line etc. This ~ase ·Alternation 
Line ~ by-Line of the (R'-Y') component gives the system 
its name of PAL. The chrominance phasor may rest in any of 
the four quadrants of B circle because there are foul:' possible 
combinations of polarity of its two components. Also when 
tbe CR'-Y') component is inverted on alternate lines in 
the PALsi.gnal, the effect is to cause tbe chrominance phasor 
to switch acL'OSS the 'x' ,i.e., (B'-Y') axis to the quad­
rant adjacent to the one it occupies on its normal NTSC 

phase. 
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These facts are summarized in Table 4.1 and the form 
.ofthecorresponding chrominance signal phasor diagrams 
are shown in Fig. 4.1. Note that if a and b are the ampli­
tuaes of the sub-carrier frequency sine-waves bearing 
(R'-y') and CB'-Y') colour-difference signal<information 

.... respectively, then. the ampli.tude Cb of the cbrominance 
signal is given by: 
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~ eO ~
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+IB'-Y')" 
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~.: ton"'" f 
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lei YELLO.-i;MEN~.liAEEN 

SOlleo· + f."~·f 

+IB·-Y·1.c. 

I ~) Me; OIIAOoG{. 'ELLO. 

8°,&'0-- f~"~'f 
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/ Hues C olour-dlfjcrelUT Suh-Cilrricr plU/.lcs i Chrominan("c .Iignal 
s(qllal poluritic.1 II 

IW- n 
(R' - nil (B' - }') (R'- n Quadrant Appearance 

I sillc Inne , -Sill£' IWI'£' in which a/phasor 

i phasor lies diagrams 

Purples + (-) 0< I 90· (270') 1st (4th) see Fig. a.J (a) 
Red. orange. - + (-) 180· 90e (270') • 2nd (3rd) see Fig.4-I(b) 

yellow 
Yellow- - - (+) 180' 270· (90") 3rd (2nd) see Fig,4J(c) 

greens. 
green 

see Fig4J(d) Blue-greens. + - (+) 0' ")70' (90~) I 4th (1st) 
blue 

I - I ! 

Table 4.1 

('The figures in bracket:! show the polarities and the angles 
on the alternate ,I PAL -1 ines' .) 

4.3 SATURATION AND AMPLITUDE 

i 
I 
I 

! 

Saturation and amplitude are the two parameters used 

to describe colour-bar signals (e.g., 100~ sat., 100~ amp.; 
95%(sat. ,100~ amp., etc.). The description 100%satut'ation' 

indicates that each of the colour-bars is a pure hue, undi­
lU,ted by white light; 95% saturation implies that each coi 
bar'consists of 95% of the given hue together with 5% of 
white light. The term 100~ amplitude indicates that one 
• (at. least) of the three cameras is giving maximum output 

(e.g.,lV) 

4.4, 100% SATURATED, lOO~ AMPLITUDE COLOUR-BAR SIGNAL 
(UNWEIGHTED) 

Let us give an example for yellow bar: 

Here R 1.0 ; G = 1.0; B = 0 

R'~ 1.0 ; G1= 1.0 B ' = 0 

(i) Luminance signal 

yl = 0.30 R'+ 0.59 G' + 0.11 B'::. 0.30 + 0·59 = 0.89 
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(ii) Oolour - difference signals 

(R'-Y') = (1-0.89) = + 0.11 

CB'-Y') = (0-0.89) = - 0.89 

(iii) The Q.A.M. chrominance signal. 

Since CR'-Y') is positive, the sub-carrier frequency sine­
wave representing it has a phase of + 900 on I NTSC - Lines I 
alternating to + 2700 on 'PAL - Lines'. Meanwhile (B'-Y') 
is negative so that the (B'~Y') subcarrier sine-wave has 
a phase of 1800

• The amplitude of the chrominance- signal is 
given by: 

,Ch =JCB'-Y' tsc+ CR'-y'lsc = )(-0.89)2+ (*0.11).2 

=VO.7921 + 0.0121 = VO.8042 = 0.9 

4.5 WEIGHTING FACTORS 

The colour-difference signals are transmitted by ampli­
tude modulation of the subcarrier. The subcarrier is then 

_added to the compatible monochrome signal so that the peak 
-. excursion of the composite signal is greater than for mono­

chrome. In" order to limit the total excursion of the" compo­
. site signal to an arbitrary maximum of 1.33, the colour-' 
difference signals are reduced in amplitude before tbeyare 
modulated onto tbe 8ubcarriet'; 

V R'-Y' 0.877 (R'-Y') = = 
1.14 

U B'-Y' = 0.493 (B'-Y') = 2.03 

4.6 "100~ SATURATED, 100~ AMPLITUDE COLOUR-BAR SIGNAL 

(WEIGHTED) 

Let us give an example again fot' YELLOW BAR: 

R = 1.0, G = 1.0, B = 0; 

R'= 1.0, G1= 1.0, B':O 
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(i) Luminance signal 

Y'= 0.30 + 0.59 ~.0.89 

(ii) Colour-difference signals 

(R'-Y') = (1.0-0.89) = 0.11 
(B'-Y') = (0-0.89)=-0.89 

(iii) Weighted colour-difference signals 

U = 0.493 (B'-Y') = 0.493 (-0.89) = - 0.4387 
V = 0.877 CR'-Y') = 0.877 (+ 0.11) = + 0.0965 

(iv) Chrominance signal amplitude 

Ch = 0u2+V2 = 0C-0.4387)2 + (0.0965)2 _ 0.44 

(v) Chrominance signal phase angle 

on 'NTSC ~ lines' the phase angle is given by: 

. e = 1800 
- tan-l V/U = 1800 -tan-l 0.0965/0.4387=167°~ 

In the PAL system, the chrominance signal phase angle on 
the alternate lines is deduced, by switching the 'NTSC-line' 
phasor across the U axis to its mirror-image position in 
the adja?ent quadrant. For yellow, the angle on 'PAL-lines' 
is therefore: 

Proceeding in this way for the remaining colour-bars yields 
the result shown in Table 4.2. 
Fig. 4.2 shows the composite video signal for the 100.% ampli­
tude 100% saturated weighted colour-bar signal and the 
corresponding vision carrier modulation levels are shown 
to the left' of the diagram. 95 % saturated; 100'% ampli tude 
COlour-bar signal can also be calculated in detail as 

shown above [3J. 
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(","011 r·"<1 r r' I\B' - nl(R' - r)1 L'~ V= Chromo <1mp Chromo ph<1-'<' 

! 0·493(8' - Y') 0'877(R' - Y') 
= JU2 + V 2 angle 

I (' NTSC-line ') 
I .~, 

'·\'hite I I) 0 0 0 0 0 -
Ycllow o S9 -089 ... 011 - 0·4388 00965 0'44, 167· 
('yan Oi ~0'3 -07 ~ 0·1479 -0'6139 0·63 283' . 
( ireen 059 -059 -0·59 -0·2909 -05174 0·59 241 0 

'.tagenta 0·41 ... 0·59 +0·59 .,. 0·2909 ... 0·5174 0,59 61· 
Red 03 -0·) +07 -0·1479 +0'6139 0·63 103" 
Blue 011 ~ 089 -0·11 .,. 04-'88 -0,0965 0·44 3470 

Alack 0 0 0 0 0 0 -, , , 

. Table 4.2 

Details of a 100% amplitude, 10ryAsaturated colour-bar signa} when 

colour-difference signal weighting faCbOr5"are employed 

~ 100%1 
::J 76 % 

a. 
E 
o 

~ 
<; 
u 

c 
o 
;;; 
:> 

Fig. 4.2 

~t-
;< 
a. 
E 
0 

0 

'" '0 
:; 

'" ~ r 
:2 
'" cr: 

100% saturated, 100% amplitude ,colour-bar 8ignal in which the colour­

difference signals are reduced by weighting factore to restrict the 

chrominance signal excursion to 0.33 beyond black and peak-white levels 
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4.7 COLOUR PHASE ANGLE CHART 

Using the information in Ta'ble, 4.2 a diagram may be 
drawn showing the chrominance phasor positions for the 
primary and complementary colours. This-is shown in Fig. 
4.3. It is easily seen that: 

C" -u 

,,r----., 
.' Gree"" \ 
~ 2lt 1c 

+ v - - - - - - - - - Note -
V·0877(R'-Y') 

07 

NC'e' 
U.O 493 (E-Y') 

Fig. 4.3 

Chrominance' ~ignal phasor positions for the primary and 

complementary colou~ 

(8) Each compelentary hue is diametrically opposite its 
associated primary. (e.g., yellow is opposite blue) 
(b) The amplitudes of these apposite pairs of phasors are 

equal. 
(c) "Projection from a given phasor to the U and V axes 
shows the relative amplitudes of the weighted (B'-Y') and 
.(R'-Y') subcarrier signals which together form the chro-

minance signal. 
(d) Tbe positions of the phasorson 'PAL-lines' may be 
found simply by switching the phasor to the opposite side 
of the U axis;.i.e., p~line phasors are'the mirror image 

ofNTSC-line phasors. 



CHAPTER 5 

BASIC 'PAL' CODER AND TRANSMI~T.E~ ARRANGEMENTS 

5.1 'PAL' VIDEO AND VISION SIGNALS 

Fig. 5.1 shows the modulation levels for the nega­
tively modulated 625-line vision carrier when bearing a 
95% sat., 100~ amp., colour-bar signal. Since the ch'ro­
minance signal consists of two suppressed carrier signals, 
a replacement carrier has to be generated at the receiver. 
For the purpose of locking the frequency and phase of the 
re-iuserted sub-carrier generated.by the receiver's 'refer­
ence oscillator' a burst of subcarrier is transmitted 
during the back porch in the line-blanking period. (Fig. 5.2~ 
This consists of 10tl cycles. In an NTSC signal the burst 
pbase is 1800

• With PAL, however, the burst phase angle 
is switched on a line-by;-line basis from 1350 on 'NTSG-
·,lines', to 2250 on the alternate 'PAL-lines'. This is done 
to allow the receiver to identify NTSC and PAL lines. 

In the PAL signal, since the burst switches in phase by 
450 -line'-by-line, about 1800

, its average ph'ase is still 
180°. which is the same as that in the original NTSC system. 
This phase angle was chosen to give minimum interference 
d'uring the line fly-back stroke in colour receivers. Although 
under normal operation the burst is gated out of the signal 
path to the chrominance demodulators and directed only to 
that part of the receiver where itis required (i.e., to 
the reference oscillator's automatic frequency and phase­
controlling circuit), it is possible under fault conditions 

, ' 

for the burst to get through to the demodulators. This gives 
rise to an output voltage which modulates the beam current 
during line fly-back and causes interference.'Ele choice of 

: ,a burst phase angle of 1800 reduces this interference to a 
minimum. 
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Average / -t . B Jrs1 phase on 
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-V 

Showing the video signal waveform and corresponding vision 

carrier modulation levels [or a395% 15aturited, 100% 

amplitude colour-bar signal 
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/ 

lIt shows up as a very low amplitude green pattern towards 
the left of the screen. 

It will be noted on Fig. 5.1 that the line frequency 
fh is stated in terms of thesubcarrier frequency fac. At 
the Signal source fsc is the standard fr~quency and fh is 
derived from fsc by count-down circuits so that the correct 

:numerical relationship between fsc and fh is maintained at 
all times. 

Although the field frequency fv is equal to the nominal 
- mains frequency of 50 Hz, it is not locked to the mains.,. 

The mains frequency varies slightly with loading and this 
would cause errors in the relationship between fsc' f h , 

- and- fv:' if fv were mains';"'locked. To obviate this the field 
frequency is maintained accurately at 50 Hz independentl1 of 
the mains. Since the system is not mains-synchronized it is 
said to be asynchronous. 

A -result of this is that any mains hum pattern on the 
screen is no longer stationary but drifts at a rate deter­

-mined by the difference between the field and mainsfrequen­
cies. 

In Fig. 5-.3 the video waveform during the i'i~ld blanking 
peri 00. is shown. Tbeburst is gated but of the transmitted 

_ signal during this interv~l. In th~ PAL Signal, in order 
to make the burst phase start and stop in identical direc­
tions9.t the beginning and} end of each field, the burst 
blanking pulse is shifted as shown,sothat it follows a 
four-field cycle. If the burst blanking pulse were n'ot 'stag­
gered in this way but repeated at regular intervals of-
1/50 s (i.e., at intervals of 312.5 lines precisely), the 

. - -. . 
burst phases at the end of each field and the start of the 
next would be One direction for fields 1 and 4, but the 
opposite for fields 2 and 3. In some receiver circuits, it 
was found that these different start and stop phase sequences 

-'caused a flicker disturbance at the top of the screen when 
colours of high saturation were present there. 
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; ~II 3.2 I 3;3 i! 3,4 j 3'~ I 3'6 ; 3.~ I 3.8 ; 3'9 ' !l~ , 

I 
I 

Fig. 5.3 
Showing the waveform of the 625-1ine P.!L video signal 

during the field blanking period 

5.2 THE BASIC PAL CODING PROCESS 

A basic PAL coder ar~ngement is shown in Fig. 5.4. 
,The gamma-corrected R', G' , 'and B' inputs to the matrix, , 
give"rise to Y', (R'-Y'), and (B'-Y') outputs. Because 
the' colour-difference signals'are bandwidth restricted "by 

, 'fi 1 ters whi cb pass the' -range () to 1 MHz, theY" suffer a 
small delay relative' to the Y' signal which has a broader' 
bandwidth of 5.5 MHz. To bring the Y' and chromin~nce sig­

"nals into step at the point where they are added, it is· 
" ,necessary to insert a compensating delay, into the Y' path. 

,The (R' -y'.) and ~(B '-Y') signals pass to balanced modu­
lators together with 8ubcarrier inputs at appropriate 
phases. In the subcarrier path to the V modulator is a phase-
switching circui.t which passes to the modulator a sub­
oarrier having apb'ase 0;( 900 on one line' but 2700 on 
alternate 'lines. 

/ 
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}'ig. 5.4 

Ba.5ic organization of a PlL coder 

Since one switching cycle takes two lines, the 
. . 

~it. 
video sionai 

square wave switching signal to the phase switch is of 
half-line frequency i.e., 7812.5 Hz. 

The double-sideband suppressed carrier signals from 
the modulators are added to yield the Q.A.M.cnrominance 
signal. This passes through a filter (which removes' 
harmonics of the subcarrier frequency) and on to an 'adding 
circuit,where it is combined with the luminance and 

" blanking signals to form a composite video signal. This 
goes forward to the transmitter to modulate the vision 
carrier in the normal way. 

. In this diagram the weighting operation is assumed to 
be carried out in the modulator 'boxes', e.g., byatten­
uatingthe (B'-Y') and (R'-Y') inputs, or by corresponding 
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adjustments of the modulator outputs. This weighting 
operation may be carried out in the main 'matrix' which 
will then deliver colour-difference signals of amplitudes 
U = 0.493 (B'-Y') and V :: 0.877 (R'-Y'). The end product 
is the same, i.e., the chrominance signal subcarrie~ fre­
quency sine-wave components have amplitudes in the ratio 
U:V, not (B'-Y') : (R'-Y'). ' 

The instantaneous amplitude of the composite video 
signal (i.e., of the modulating information) during the 
active part (i.e., the· picture detail) of raster lines 
may be written as: 

Em = BY .. EU ~inwt ± EV coswt 

5.3 BASIC PAL TRANSMITTER ARRANGEMENTS 

To summarize the basic principles of the production 
of a PAL colour television signal, a simplified diagram 
of a transmission system is shown in Fig. 5.5 • 
.. 'It will be. noticed on both Fig. 5.4 and Fig. 5.5 that 

one .. of the inputs to the matrix is labelled 'burst gating 
. signal'. This is a square type pulse at line frequency, 
·timed to appear during the back-porch period. For its. 
duration the matrix delivers to the two modulators inputs 
such .that the (B' -Y') modulator yields a subcarrier burst 
at 1800 whi le the (R' -Y') ci rcui t gives a burst of the 
same amplitude but having a phase of 900 on one line and 
2700 on the next. The adder yields an output which is ,the 
vector sum of the two inputs, i.e., it delivers a sub­
carrier frequency sine-wave at 1350 on one line and 2250 

on the next. 
: The.matrix following the camera unit delivers the weighted 

colour-difference signals U=0.493 CB'-Y') arid V=0.877 CR'-Y') 
.to.the Uand V modulators, and the luminance signal Y' 
.is passed. via a luminance delay circuit to the video signal 
combining unit. 
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In the simplified block diagram, the subcarrier is sbown 
as being d~rectly generated at 4.43361875 MHz and this is 
shown as passing to tcount down' circuits to produce tbe 
required syncbronizing frequencies of 2fh , f b , and fv. (Note 
that a frequency of 2fb is needed because this is the repe­
tition rate of the half-line and equalizing pulses in tbe 
field blanking periOd.) 
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The numerical relationships are in fact such that it is 
easier to start of~ with a 'mas~er-frequency' of 4.43361875 
MHz - 25 Hz = 4.43359375 MHz. This frequency is (1135/4 x f h ) 
and may eonveniently be counted down to yield 2fh , f h , and fv' 
Finally a component at f':;2= 25 Hz is derived and this is 
then added to the generated 'master frequencyllto give" the 
required chrominance subc,arrier frequency of 4.43361875 MHz. 
I~ this sense fsc is itself a 'derived frequency' with the 
standard frequency controlling the system being 4.43359375 MHz. 

5.4 COMPARISON OF 'C9LOUR TELEVISION SYSTEMS 

The main world systems,are NTSC, PAL and SECAM. All 
'of these describe the picture in terms of luminance and 
colour-difference signals. It is the way in whicb the chro­
minance signal is modulated by the colour-difference signals 
which constitutes the main differences between these systems. 

,,\NTSC and PAL are ali,ke in employing quadrature amplitude 
modulation of the chrominance signal. PAL uses simple weighted 
(R '-Y') and (B'-Y') colour-difference signals of equal band­
width to modulate the two quadrature pbase (but equal fre-

". _., r 

quenqy) subcarriers to form the two components which w~en 
added yield' the chrominance'signal. In NTSC the_more complex 
I and Q colour-difference signals are used [2J • These have 
unequal bandwidths; the, I being some three times broader 
than the Q. , 

In SECAM[4] it is again the simpler CRI-I') and (BI-I') 
colour-difference 'signals which are used but here tbe 
method of modulation is entirel~different. Frequency modu­
lation of the'subcarrier is used and instead of both CR'-I') 
and (B'-Y') information being present in the, chrominance 
signal simultaneously (as'is the case with NTSC and PAL), 
the subcarrier is modulated by CR'-I') on one line and 
(B'-I') on the next. 



CHAPTER 6 

INSTRUMENTATION 

6.1 INTRODUCTION 

, Sync' Pulse Generator realized in this thesis study 
.isthe timing heart of a television system. The signals 
· generated in the pulse generating circuits control the 

sequence of operation of the entire system. All these 
· signals are generated separately or their functions are 

combined in waveform groups. The functions and design 
details of the complete system will be given in Ohapters 
6 and 7. Chapter 6 deals with general black and white te-

'. levision signals, and Chapter 7 deals with PAL colour TV 
signals used in colour television transmitter system. 

6.2 SYSTEf'l DESCRIPTION 

The whole circuitry is mounted on seven printed cir­
cuitboards, hence the complete systemconsists.of seven 

· units •.. Each unit serves to produce various pulses which. 
are necessary for operating a TV studio. These (.individual 
units are: 
(1) Vertical Components Unit 
(2) Horizontal Components Unit 
(3) Power Supply and Output Stages Unit , 

.. (4-) H/~ (Double Line Frequency) Oscillator and Divider Unit 
(5) 25 Hz Offset Unit 
(6) Subcarrier Generator and Encoder Flag Pulse Generator 

Unit 
(7) Colour Burst Generator Unit 

· The abbreviations and symbols used in the following sections 
I are shown below: 

, 



S (SYNC) 
H' (HOR) 
V (VERT) 
B (BLANK) 

F (SUBC) ,- fsc 
P (PAL FLAG) 
K (BURST- FLAG) 

Vs 
V eq 
VB 
TH 
H/2 
2H 
I 
Tr 

· · 
· · 
• · 
· · 
· .' 
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Composite Sync Train 
Horizontal Drive Pulse 
V~rtical Drive Pulse 
Composite- Blanking 
Subcarrier (Colour carrier)_ 
PAL Flag Pulse 
Burst Flag Pulse 
'Vertical Sync Pulse 
Vertical Equalizing Pulse 
Internal Vertical 'Blanking Pulse 
Horizontal Gate Pulse 
Double Line Frequency (2fhD 31250 HZ) 
Half-Line Frequency (7812.5 Hz) 
Integrated Circuit 
Transistor 

The general block diagram of the complete system is shown in 
Fig. 6.1. As it is seen from the block diagram, the most 
important parts of the entire system are the H/2 oscillator 
and Crystal oscillator. Crystal oscillator has a property 
of high:stability. 4.43361875 MHz sinewave oscillation gene­
rated from crystal OSCillator, is connected to the 25 Hz 
offset unit. 25 Hz offset circuit is provided to generate a 
colour carrier shifted by-25 Hz which is necessary for a 
PALsy~tem.Thus the colour c~rrier frequencYJis 4.43359375 
MHz instead of 4.43361875 MHz. 4.43359375 MHz is divided by 
1135 (: 5-x 227), and double 'line frequency is divided by 8 
so that both of the results are 3906 Hz. As a result, by 

'means of phase comparison circuits the output of H/2 oscil­
lator is kept constant. H/2 pulses are distributed to the 
both vertical and horizontal units. Vertical components 
unit produces vertical sync (Vs )' vertical blanking (VB)' 
vertical equalizing (Vaq), and vertical drive pulses (V). 
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All of these pulses -except vertical drive pulse- are 
connected to the horizontal co~ponents unit. Finally, the 
minus values of output~ of horizontal components unit are 
converted to required waveforms in the output stages. The 
final signals produced in the output stages are: 
Composite sync train (S), Composite blanking (B), Horizon­
tal drive pulse (B), and Vertical drive pulses (V). 

Composite sync train is distributed both to the Colour 
b~rst generator and Encoder flag pulse generator. Colour 
burst generator, produces the colour burst reference signal 
on the back porch of the line-synchronisation pulse, for 
the purpose of locking' the freque.ncy and phase of th~, re­
inserted subcarrier generated by the receiver's reference 
oscillator. Finally, EDcoder flag pulse generator unit 

I produces two kinds of pulses, one of them is 'PAL flag 
pulse' (P) which is required to ensure that the PAL alter­
nation sequence is the 'same in all coders. The other one 
i~ 'Burst flag puls~' (~), it is produced so that all 'coders 

. key-out the colour burst from the continuous reference 
sinewave at .the same time. 

All the units and their output waveforms mentioned above 
will be discussed in detail in the following sections. 

6~3 VERTICAL COMPONENTS UNIT 

Vertical components unit. generates the four ou~puts: 
Vertical drive pulse, vertical sync pulse, internal vertical 
blanking pulse, and vertical equalizing pulse. The vertical 

.' syn,c and blanking pulses control the vertical motion of the 
scanning beam and blank out the beam during the vertical 

. retrace intervals. The equalizing pulses occur in two groups 
of six each, preceding and following each vertical sync 

\ ' 

pulse. The purpose of the equalizing pulses is to secure 
accurate interlacing by equalizing the energy content of 
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. the sync pulse waveform during successive vertical blanking 
I 

intervals. Since the vertical frequency is 50 Hz, the period 
of the vertical pulses are 20.msec. 

Fig. 6.2 shows the detailed circuit diagram of vertical 
compone~ts unit. The components us~d in the circuit are 
listed below: 

I 1 · MC851 (Monostable multivibrator) · 
.I (3,5,6,7,9) · SN7400 (Quad 2-input NAND gate) • 
I (12,13,14) SN7490 (Decade counter) 
I (10,11) · SN7442 (BCD-to-decimal decoder) · 
I (2,4,8) · SN7402 (Quad 2-input NOR gate) · 

i 

The· H/2 pulses coming from H/2 osciilator are counted up to : 
the number of 625 by the divide-by-ten counter 112 (SN7490). 
(Uni ts) ,I 13 (tens) and I14 (hundreds). When the number 625 
is decoded the reset pulse for the divide-by-ten counters 
is supplied through monostable multi vibrator II. The units, 
tens and hundreds are decoded by r 11, I10 and gate 15/ 
(11,12,13). The zero hundred digit needs not be considered 

. for resetting the flip-flops because- -attar having been reset­
the flip-flops do not respond to further reset pulses (e.g., 
VB at.c1 4 5, g 4·5 ••• ). To -rese~ the Vs the zero tens must 
also be decoded, otherwise the set and reset pulses would 
arrive simultaneously. 

The positions of the leading and trailing edges of the 
pulses VB' V ,VS and V must be as in Fig. 6.3. The pulses 

ea . 
which are der~ved by decoding these numbers are used for 
setting and resetting the flip-flops 16 and I 7. 
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The desired outputs are obtained through flip-flops I6, 

I 9, I 5 and I7 as shown in Fig. 6.2. The output waveforms 
generated by vertical. components unit are indicated in 
Fig. 6.4, the specifications conform to C. C.·I .R. 625-line 
standards •. 
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6.4 HORIZONTAL COMPONENTS UNIT 
/ 

.. Horizontal unit produ9Js three ,ou~uts, these are: 
Composite sync train (S), Composite blanking (B), and 
Horizontal drive pulse (H). The horizontal sync and blanking 
pulses control the moti on of the. scanning beam as it moves 
horizontally across the screenand properly blanks the 
picture tube beam during the horizontal retrace period. 
Horizontal pulses have a frequency of 15625 Hz, so their 
periods are 1/15625 Hz = 64 ~sec. As far as pulse widths 
are concerned, horizontal pulses are narrower than the ver­
tical pulses. Fig. 6.5 indicates the block diagram and Fig. 
6.6-shows the detailed circuit diagram of the horizontal 
components unit. 

The components and their functions used in the circuit 
of horizontal unit are listed below: 

I (1,10,12,13) SN 7400 (Quad 2~input NAND gate) 
I (2,6) · MC 851 (Monostable multi vibrator) · 
I 4 SN 7490 (Decade counter) , 

\ ' 

I 5 · SN 7473· (Dual J-K master-slave-flip-flop) · 
, 1'3 · CA 3046 (General-purpose transistor arrays) · i 

(Triple 3-input NAND gate) I 11 · SN 7410 • 
-I 7 SN 7442 (BCD-to-decimal decoder) 
I (8,9) , . SN 7402 (Quad 2-input NOR gate) • 
Trl · 2N 3906.(General purpose PNP, Si l~con, • 

low frequency, transistor) 

The H/2 pulse colIiing from H/2 oscillator unit is' connected 
to the monostable multi vibrator 12, the other inputs of the 
circuit are the outputs of vertical'unit except vertical 
drive puls-e: All pulse widths existing in the horizontal and 
sync pulses can be derived from integral multiples of the 
period of an oscillation whose frequency is :f=1.2766 MHz, 

T=O.783,usec. 
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The blanking pulse is delayed by 0.; usec. when passing 

i, through pulse shaper 1;/6,7,8 and I ;/9,10,11. The leading 

and trailing edges of all pulses being shorter than half 
! ..... 

a line are within the first and 20th period of the 1.2766 
MHz oscillator. Therefore a start-stop oscillator Tr 1, 
I;/1,2,;, I ;/;,4,5, keyed by the H/2 frequency, is used. 

.. 

The cycle of this oscillator ends after' the 20th oscillation' ,1 

and before the H/2 pulse. The oscillations reach the divide­
by-ten counter I4 and decoder '17. The J-:K flip-flop 15 is 
triggered by the D-output of 14. The level of the Q output 

of I 5 changes after the first ten osci llati ons and serves 
to distinguish the periods 1 ••• 10 and 11 ••• 20 •. 

To obtain a definite s\rfitqhing position of flip-flop 15 
output Q (15/12) i,s set by/ 12 to 0 with 'the leading edge 

o~ the start-stop pulse. After the 20th o~cillation the 
divide-by-ten counter 14/ is set to 0 by Q via multi vibrator 

16. The reset pulse must have a greater width than the . 

cycl~ of the oscillator and must be, finished before· the 

succeeding starting p~lse CH/2) so that counting from 1 
onwards q,an be )started again. 

,The horizontal gate pulse (~TH) with hori.zontal frequency 

necessary for suppressing the H/2 pulse, is supplied by the 
second J-K flip~flop' of 15/8,9. 

The set and reset pulses for the flip-flops 112, 11;, 

11 which,supply the blanking, horizontal and sync. pulses 

. are derl. ved via the gates 18, I9, I 10, III from the 
( . 

follow~ng pulses: 
the +TH pulse, 

\ the digits 0 •• ~, 9 from decoder 17, 

the Q and Q pulses from 15/12 and I 5/1;, 

the delay pulse derived from Q via 1;/6,7,8 and 1;/9,10,11, 

the gate pulses -VS' -VB and V from vertical components eq , 
uni t. The· posi ti,ons of the- waveforms di scussed above are shown 
in ·'Fig. 6.7. 
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6·5. POWER SUPPLY AND OUTPUT STAGES ~ 

All of the circuits, designed in this' study are supplied 
by three kinds of D. C. voltage i;hese are: ",12 V, .. ; V, and 
-:.-12 V .' Maximum current compumption is approximate ly 600 mAe . \ . 

. Fig~ 6.8 indicates the circuit configuration of power supply 
unit. In order to get exact voltage values~ relatedpotentio­
meters shown in figure can be adjusted to desired levels. 

The components and their functions used in the power supply 
unit are listed below: 
Tr (1,8,9) : BO 177 (General purpose PNP silicon, low 

Tr (4,5,12) 

'- Tr (2,10) 

Tr 6 

Tr 7 

Tr (3,11) 

frequency, low current transistor)' 
BO 108 (~eneral pu~pose NPN silicon low 
frequency, low curre~t tran~istor) 

: 2N 2218 (General purpose NPN silicon 
high speed,medium power, switching 
transistor) , 

: 2N 2904 (General purpose, PNP silicon, 
medium power switching transistor) 

: 2N 3740 (General purpose, PNP silicon, 
high frequency, high current transistor) 
2N 3055 (NPN silicon, lowfrequ~ncy, 
higb current, high voltage. transistor) 

,-
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The Output Stages;' provide' four ~i gnals: Composite sync 
train (S), Horizontal drive pulse (H), Composite blanking 
(B), Vert~cal drive pulse (V). Each stage ~onsists bf a 
clipper and two emitter followe~s. All of the four stages 
are symmetrical and the rise times and amplitudes of the 
each output can be adjusted with related coil and potentio­
meter. Fig. 6.9 shows the output waveformsobta~ned through 
the output stages and the'circui:t diagram of output stages is 
shown in Fig. 6.10. 

The components used in the circuit of output stage unit are 
listed below: 

Tr (13,14,16,17,19,20',22,23): 2N 3904 (NPN silicon low fre.,.. 
quency, low current transistor) 

Tr (15,18,21,24) MD 6003 (NPN-PNP silicon dual 
transistor) 
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CHAPTER 7 

,~, 

COLOUR SIGNAL UNITS OF SYNC PULSE GENERATOR 

In this chapte~, the othe~ units of Sync Pulse Generator 
wbich are designed for p~oducing tbe colour TV signals will 
be discussed. The detailed analysis and calculations of tbe 
,circuits a~e not given but the brief explanations a~e p~e­
sentedto provide a clea~ understanding for tbei ~ bebavi ou~s. 

7.1 H/2 OSCILLATOR M~D DIVIDER UNIT 

H/2 oscillator generates tbe square-wave pulses wbicb 
\ 

bave a f~equency of 31250 Hz (2fb ). Tbe double line frequency 
for a TV transmitter system is necessary because tbis is tbe 
repetition rate of the balf-line and equalizing pulses in 
the field blanking period. Fig. 7.1 shows tbe circuit diagram 
of H/2 oscillato~ and divider unit. 

( 

The components and tbeir functions used in the H/2 oscil-
lator and divider unit are listed below: 

I 1 

I (2,3,4-,5) 
I 6 

I 7 4 

I (8,9) 
I 10 

T~ (1,2) 

Tr (3,5) 

, ~ 4-

Delay Line (100 nsec.) 
SN 74-90 (Decade counter) 
SN'74-02 (Quad 2-input NOR gate) 
SN 74-10 (Triple 3-input NAND gate) 
SN 74-73 (Dual J-K master-slave flip-flop) 
CA 3054- (Dual independent differential 
amplifiers) 
2N 3904- (NPN silicon, low frequency, low 
current transistor) 
BC 108 (General purpOse NPN silicon, low 
frequency, low current transistor) 
BF 24-5 eN-cbannel junction FET transistor for 
DC, AF and RF amplifiers) 
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: BO 177 (General purpos,e PlU>' silicon, low 

frequency, low cl).rrent transi stor ) 

, . The colour carrier oscillation coming from 25, Hz offset 

uni t (e. g., 4.43361875 MHz - 25 Hz = 4.4335937·5 MHz) is 
divided by 1135 (=5.227) in divide-by-ten counter 12 and 

.. divide.-by-ten counters 13, 14 and 15 • Then it is fed through 
pulse shaper transistor Tr2 to the phase comparison stage 
transi stor Tr4 and decoded in 16 and 17. The output pulse, 
delayed. in the delay network Il. serves to reset the counters 
to O . 

. The oscillations of the 'H/2 oscillato-r (I10/8,9, 110/6,7, 
I 10/11,12) are divided by 8 in the J-K flip-flop 18 and 

\ 

.19/1,12. As, a result a squarewave voltage having fh/I~-=' 
3906 Hz frequency arises. Its negative porch is shaped into 
a ramp by Dl, 01 and R2. This reference pulse is fed through 
emitter follower transistor Tr3 to the second input of phase 

comparison stage transistor Tr4. The control voltage gene­
rated by the phase comparison stage is fed to transistor 

. I 10/1,2 through emitter follower transistor Tr5, the follow­

.ing smoothing network and transistor TrG. 
Depending on the level of the control voltage, capacitor 

02 is either short-circuited through IIO/l,2 and 110/3,4 
or itis connected in paralrel to oscillator circuit capa-. ( , 

ci tor 0:; through i 10/13,14 and I 10/3,4. As la result the 
oscillator is .retuned. ,The output waveform of H/2 oscillator 

unit is shown in Fig. 7.2. 

32 \:!sec---"" 

~=~1250 lis 
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7.2 25 Hz OFFSET UNIT 

In PAL system the colour carrier frequency has to be 
modulated with a 25 Hz oscillation. The carrier and the 
upper sideband are suppressed in such a way that the desired 
frequency F-25 Hz results. (i.e.,'4.4336l875 MHz-25Hz= 
4.43359375 MHz) If the- 25 Hz is to be subtracted before the 
count down begins, then normal filters are inadequate, for 
separating (fsc-25), fsc and (fsc+25) Hz. The technique of 
single-side-band modulation has been used by W. Bruch. 

i 

The method consists in adjusting the phases: of two sub­
carrier signals, each modulated, with suppressed carrier, 
by 25 Hz~sinewaves 'in quadrature, so that a combination of 
the two modu,lated signals cancels the unwanted (fsc'" 25) Hz. 
The block diagram of subtraction of 25Hz ~rom the PAL 
frequency is indicated in Fig. 7.3. The alternative solutions 
can also be realized for 25Hz offset circuits [5J. 
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The. detailed circuit configuration of 25Hz offset unit 
is shown in Fig. 7.4. 

I 

The components list used in the circuit of 25 Hz offset 
uni t :i:8:, given below: 

I (1,2) : CA 3054 (Dual independent differential 
amplifiers) 

Tr (1,2,3,4) : 2N 3904 (NPN silicon, low frequency, low 
current transi stor) . 

Tr (6,7,8) BC lOB (General purpose NPN silicon low 
frequency, low current transistor) 

Tr 5 : 2N 3906 (General purpose PNP silicon, low 
frequency transistor) 

The 25 Hz offset unit is supplied with a colour carrier 
signals coming from crystal oscillator and a 25 Hz, square­
wave pulse (1/2 fv),coming from H/2 oscillator-dividerjunit. 

The 25 Hz pulse is fed through Tr 8 to an active resonant 
/ 

circuit Cl, Tr6,7 and shaped into a sinewave oscillation, 
. \ 

which is fed, on the .one hand, through emitter follower Tr9 
,to the 900 modulation stage 12- and, on the other hand, 

through lI1i'ller integrator Tr 10, 11 to the 00 modulation stage 
-Il. In the 0 0 modulation stage 11 the colour carrier is 
fed to the transistors 11/1,2 and rl/8;9, . wqereas the 
modula~ing,audio frequency is fed to the transistors Il/3,4 
and 11/11,12. The colour carrier signal at 11/13,14 is 
in phase op~osition .to the colour carrier signal exi~ting 
at Il/8,9· Asa result the colourca'I'rier is suppressed 
by the addition of tbe currents of these two t'I'ansistors 

if the amplitudes a'I'e equal. Tbe same is effected in the 
900 modulation stage (by the addition of the currents of 
I2/6,7 and I2/1,2,) In this stage the colou'I' carrier is 
shi.tted by 900 in L 1, C 2, and is fed to 12/8,9 and I2/i,2, 
whereas the AF oscillation is shifted by 900 and is .ted 
to I 2/11, 12 and I2/;,4. 
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If the curr~nts coming from the 60 stage and from 900 

stage (on the one hand I 1/1,2 and I 1/8,9 and on the 
other hand I2/6,7 and I 2/8, 9)~are added, the uppe'r side~ 
band F+25 Hz is suppressed (An interchange of both the AF 
components results in the suppression of the lower sideband). 
Through Tr2, operating in a grounded-base configuration, 
the lower sideband F-25 Hz coming from resonant circuit L2, 
03 is fed to the amplifier transistors 3 and 4 and from 
there through emitter follower Tr5 to the output. 

) 

SUBOARRIER GENERATOR AND ENCODER FLAG PULSE GENERATOR 
( 

UNIT. 

Crystal oscillator, which generates the exact value of 
subcarrier sinewave oscillations and Encoder flag pulse 
generator circuits are mounted on the same printed circuit 

_ v ). , 

board. As discussed earlier, the subcarrier frequency is J 

---determined as follows: 

+12 V 

a 

SU:OC AJRIER 

I 

lO-60pF 

) 

Fig. 1.5 

Circui t confi&uraticn of cryrlal oscillator 
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= 4.43361875 MHz 

where; 

The circuit configuration of crystal oscillator is 
shown in Fig. 7.5. The crystal, which has'a frequency 
,of 4.433618 MHz is connected between the pins 5 and 6 
of the integrated circuit MM5369 (17-stage programmable 
oscillator-divider). The variable capacitor serves to 
adjust the precise value of output frequency. The operating 
voltage of the circuit is -t-12 V and because pf the ,crystal 
characteristics, the output has a high stability. 

Encoder Flag Pulse Generator producer the PAL flag 
pulse (P) and, burst flag pulse'(K). Furthermore this 
unit is used for obtaining the vertical blanking pulse 
which is necessary for 25Hz offset unit. The block 
diagram, indicating the functions of sever~l components 
designed in this Circuit, is shown in Fig. 7.6. 

The detailed circuit configuration of encoder flag 
pulse generator is shown in Fig. 7.7. 

The components list used in the cirquit of encoder 
flag pulse generator unit <is, given below: 

- Il : Me 851 (Monostable multi vibrator) 
I 2 SN 7473 (Dual J-K master-slave flip-flop) 
I (3,6). : CA 3046 (General purpose transistor arrays) 

\, , 

I (4,11): SN 7402 (Quad 2-input NOR gate) 
I (5,7) : SN 7400 (Quad 2-input NAND gate) 
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I 

: SN 7490 (Decade counter) 
SN 7410 (Triple 3-input NAND gate) 
2N 3904 (NPN siiicon, low frequency, low 
current transistor) 
MD 6003 (NPN-PNP dual, transistor) 
Be 237 (NPN silicon AF input and driver 
~tages transistor) 
Be 307 (PNP silicon AF input and driver 
stages trransistor) 

Generation of.the P Flag.Pulse 

The'P flag pulse consists of a (continuous pulse sequence -
having 2-H frequency (2-H frequency-half the line frequency-
7812-B Hz). A sync pulse is fed through emitter follower I3/ 
6,7,8 to monostable multivibrato!' Il to suppress H/2 (H/2: 
31250 Hz). The H pulse sequence derived by this measure is 
divided in flip-flop I 2/l',l2into a 2-H pulse sequence. 
In pulse' shaperI 6/6,7,8 the width of the 2-H squarewave 
pulse is reduced to 5 usec. It is fed to the output through 
the output stage consisting of a clipper I 6/1,2,3,4,5 and 
two emitter follower transistors 4 and 5. 

: 

Generation of the Burst Flag Pulse K 

The K pulse consists of a pulse sequence with H frequency 
having a blanking which alters during the vertical interval' 
with a four-stroke cycle. The start of the blanking is anti­
cipated by half a line during three fields succeeding one 
another; during the fourth ~ieldit jumps back by 3/2 
lines. The horizontal pulse sequence is generated by three 

-. pulse shapers connected in series which are supplied with 
a sync pulse from I 3/6,7,8. 

\ 
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. The pulse shapers are provided with controls allowing to 
adjust the start and the duration of a burst with respect 
to the sync pulse./The burst purses as well as the pulses 
for the vertical blanking are fed to NAND gate 17/4,5,6 
and from there. to the clipper I6/9,10,11,12,13,14. Then, 

·the output pulse of clipper. goes to the output stage con-
, 

sisting of the two emitter follower transistors 6 and 7~ 

\ 

Vertical Blanking Pulse 

In a double integrating network the vertical pulse, is 
separated from the sync signal ,coming ·from I 3/6,7,8. From 
there it goes through switch I 3/12,13,14 to H/2 oscilla­
tor-divider unit and through switch I 3/9,10,11 to the reset 

1 
inputs of the divide-by-ten counters I 10 and I 8 and to 
flip-flop I 2/5,6,9. During the 55th 2-npulsethe level 
at the output of this flip-flop .is always different from 
that existing during the 155th 2-H pulse. By the vertical 
pulse, which starts shortly after the 155th 2-H pulse, 
the output is set to a defined logical O-level. 

By means of output Q and both.the counters I 10 and I 8, 
it is possible to decode the 155 through gate Ill, I 12. 

. ( 
The pulse derived serves to set flip-flop I 7. This pulse 
forms the start of the output pulse. Its duration must 
come up to 9 lines. For this reason the horizontal pulse 
sequenc'e from I 1 is fed to divide-by-ten counter I 9 and 
the pulse derived by decoding the 9.(I12) is used to res~t' 
flip-flop I 7. 
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7.4 COLOUR BURST GENERATOR UNIT 

As mentioned earlier, Co12ur Burst is the portion 
of t~e composite colour signal, comprising a few cycles 
of a sinewave of chrominance subcarrier frequency whicb 
is used to establish a reference for demodulating the 

. chrominance signal. In order to obtain the burst signals, 
the following circuit is designed in such a way that simpli­
city and reliability is emph~sized tbrough the design. 
The circuit configuration is given in Fig. 7.8. 

The components used in the circuit are listed below: 

I 1 : TL 74121 (Monostable multi vibrator) 
I 2 : SN 7400 (Quad 2-input NAND gate) 
Tr (1,2,3,4,5): BC 237 (NPN silicon AF input and driver 

stages transistor) 

As a first step, by unchanging the pulse position, the 
.negative level of sync pulse coy, -5V) is sbifted to the 
positiye level (OV, +5V) with respect to ground line. In 

. order to" realize that, transistor 1 is biased so that, in 
steaciy state the vol ta"ge, exi sti ng between emitter and 

. 

. ground is zero. When the sync signal at zero level, the 
" emi tter . voltage rises to .. 5 V, whereas when the sync signal 
at negative level, transistor is at cut off, bence the 
emitter voltage drops to zero. 

Then, the shifted sync pulse is inverted in transistor 
2 8S shown below: 

o v -- - _ ~ __ U ;r. U ___ - -- +5 v 
-5 v ov 

n---+5 v 

+5 Y-- - ~ 
. ---0 v ___ U o V Tr 2 
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Fig. 7.e 

Circuit configuration of Colour ~t Generator unit 

The output of Tr 2 is connected to the. monostable 
multivibrator Il. The outputs of I 1 is given to the, 
first inputs of ,integrated circuit'I2 • The output of 
NAND gate reaches the base of switching transistor Tr 3. 
The duration of the pulses are adjusted by potentiometer 
P 1 as 2, 3~sec . (the 'wid th of, the burst signal). If the 
subcarrier frequency -coming from subcarrier generator-
is coupled to the emitter of the switching transistor Tr3, 
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- the resulting shape 'o:f the subcarrier waveform is not 
a continuoussinewave oscillation bu~ as shown below, 

-it is a waveform co~sisting of disc~ete sinusoidal os6i1-
lations, which is known as burst • 

. ~ 

~ 2.3ee .""-- lO±l osci1latioas 

The period of these repeated oscillations are 64 Fsec and 
each oscillatibn lasts 2,3 Esec. After generating the burst 
signals, the second problem is to locate the burst signal 
on the back porch of sync signal. Transistor 4 is used as 
a diode for shifting the burst Signals to the symmetrical 
position with respect to ground line. The sync pulse, 
coming from output stage of horizontal unit is fed to the 
·base of transistorTr 5 which is used a summing circuit :for 
burst and sync signals. After superposing the two signals, 
the,desired colour burst position is obtained as shown in 
Fig. 7.9. 

"'---1.e~. 

~------~O.5~8------~ 

__ whIte level 

.bluking level 

synchronising 
level 
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CHAPTER 8 

CONCLUSIONS 

~ In this thesis study, a practical colour TV sync p~lse 
generator which conforms to the standards of Turke! (625-
line, 5.0 Hz) and o?erates according to the PAL colour TV 
system, has been realized. As pOinted) out earlier, sync 

, 
pulse generator which is one of the'most'important'parts 
of the television transmitter system provides the process 
of synchronisation between the transmitter and receiver. 

If the synchronisation can not be done exactly, (i.e., 
. if the successive :field informati!on cannot be located into 
the desired place) a clear picture can not be obtained on 

,~~ , 

the screen,and instead only the dark and bright spots are 
seen randomly. 

In order to realize th~ synchronisation, line and field 
synchronisation pulses are placed on the blanking pulses 
of the video signal. Line and field synchronisation pulses 
indicate the beginning of a new line or field on the screen, 
being separated ,from the video signal in the receiver, they 
are used to control the average frequency of scanning net­
works oscillators which give the sawtooth current to ~the 
deflection coils. 

The synchronisation pulses can not be seen on the picture 
• ' I 

tube screen since they are found in a place which is darker 
than black on the video signal. All the pulses which provide 
'the synchronisation, process and colour conformity, are pro­
duced by sync pulse generator in the television stUdios. So, 

. it is clear that this device has much importance as far as 
broadcasting quality is concerned. 
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In this thesis, generally,the structure and properties 
of transmitter systems were emphasized. The characteris-

- ! 
tics of receivers were not mentioned. The study of thesis 
consists of two main parts: In the first part (chapters 
1-5), there are general theoretical information about 
PAL colour TV and its basic signals, and in the second part 
(chapters 6-8), instrumentation and conclusions were 
given. In the theory section, much importance was placed 

~ on the PAL colour TV which is accepted in Turkey and a 
brief comparison was made with NTSC and SECAM systems. 
More detailed sources about these systems can be found in 
the references part. 

Tbe" units which produce the) required signals for colour 
TV systam were designed according to the characteristics 
of PAL system and it was observed' that, all the results 
which were seen on the oscilloscope were the same as the 
theoretical values. 

In general, TTL logic gates were used in the circuit 
_designs and in necessary places various transistors, diodes 
and coils were used. Some of the components which are much 
necessary for desi~ng the circuits of device (4.43 MHz 
crystal etc.) were not available in Turkey so they ~ad to 
be "brought from abroad. 

All the results were quite satisfactory, both in per­
formance and display quality. This sync pulse generator 
was designed to be a demonstration instrument in the labo­
ratory and thus the subject of colour television and syn­
chronisation proc~ss was aimed to be better understood. 
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As a result, the colour TV syne pulse generator which 
is. realized practically in this thesis study, may not be 
a perfect device to be used in a TV studio for direct 
broadcasting, but .it isa much useful teaching device 
because of the many characteristics it possesses. 

,. 
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