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Rep. 624-4

SECTION 11A: CHARACTERISTICS OF SYSTEMS FOR MONOCHROME AND COLOUR TELEVISION

REPORT 624-4

CHARACTERISTICS OF TELEVISION SYSTEMS

(Question 1/11)
(1974-1978-1982-1986-1990)

The following Tables, given for information purposes, contain details of a number of different television
systems in use at the time of the XVIIth Plenary -Assembly of.theCCIR, Disseldorf, 1990.

A list of countries and geographical areas, and the television systems used, are given in Annex 1.

Specifications of the SECAM IV colour television system, which is still under consideration, are given in
Annex IL

Information on the results of the comparative laboratory tests carried out on the various colour television
systems in the period 1963-1966 by broadcasting authorities, administrations and industrial organizations, together

with the main. parameters of systems may be found in Reports 406 and 407, XIIth Plenary Assembly, New
Delhi, 1970.

All television systems listed in this Report employ an aspect ratio of the picture display (width/height)
_of 4/3, a scanning sequence from left to right and from top to bottom and an interlace ratio of 2/1, resulting in a

picture (frame) frequency of half the field frequency. All systems are capable of operating independently of the
power supply frequency. :



TABLE 1 — Basic characteristics of video and synchronizing signals
System
Item Caracteristics - —
M N B, G H I D, K Kl L Rec. 472 (%)
1 Number of lines per picture (frame) 525 625 625 625 625 625 625 625 625
Field frequency, nominal value 60 ‘
2 | (fields/second) (*) (59.94) 30 0 50 50 50 50 50 50
Line f /iy and tolerance when 15750 15625 15625 (%) 15625 15 625 15625 () - 15625 15625 15625
3 '"°m'°c;‘“2"°’ e Ho () ¢ (15 734.264 + 0.15% + 0.02% +0.02% | +0.00002% | + 0.02% + 0.02% + 0.02% + 0.02%
operated non-synchronously (Hz) () ( + 0.0003%) | (£ 0.00014%) | (+ 0.0001%) | (+ 0.0001%) © (£ 0.0001%) | (£ 0.0001%) | (£ 0.0001%) | (% 0.0001%)
Maximum variation rate of line
3 (a)| frequency valid for monochrome 0.15 0.05 0.05 0.05 0.05 0.05 0.05
transmission (%/s) (") (¢)
- bianking level (reference level) 0 0 0 0 0 0 0 0
«
5
> L
2o peak-white-level 100 100 100 100 100 100 100 100
%3
Y >
a0 = 2 ~| synchronizing level ~40 ™ —43 —43 ~43 —43 —43 -4
(SRRl (=43) :
- 8.0
28l gim b black and oy 75+ 25 0 (colour) | 0 (colour)
£ § w difference between black an o 7 . g colour colour +5
5 & 2 blanking level 7.5+ 25 0) 0 0 0 0-7 0-7 (mono.) | 0-7 (mono.) 0%
“3
peak level including chrominance 120 133 (') 133 115 (%) 15 (') 124 ('2)

signal

v-vz9 -dad



. TABLE 1 (continued)

7 Line synchronization

System
ftem Caracteristics
M N B.G ] D, K Kt Rec. 472 ()

5 Assumed gamma of display device for which 22 2.2 28 (" "

~pre-correction of monochrome signal is made ’ (2.8) 4 *)
50 or
6 Nominal video bandwidth (MHz) ) 4.2 4.2 5 5.5 6 6 5.5 or

: 6.0
see Table I-1

8 Field synchronization

see Table 1-2

(") The values in brackets apply to the combination N/PAL used in Argentina.

(%) Figures are given for comparison.
(%) Figures in brackets are valid for colour transmission.

stability of at least 2 x 10-7 is necessary.

(%) The exact value of the tolerance for line frequency when the reference of synchronism is being changed requires further study.

() When the reference of synchronism is being changed, this may be relaxed to 15625 + 0.02%.

(") These values are not valid when the reference of synchronism is being changed.

®) 1n Japan values O t lg are used.

("% It is also customary to define certain signal levels in 625-line systems, as follows:

Synchronizing level = 0
Blanking level = 30
Peak white-level = 100

In order to take full advantage of precision offset when the interfering carrier falls in the sideband of the upper video range (greater than 2 MHz) of the wanted signal a line-frequency

For this scale, the peak level including chrominance signal for system D, K/SECAM equals 110.7. (See [CCIR, 1982- 864]) According to common studio operating

practices, peak white- level = 100 corresponds to 1. O V measured across a matched 75 ohms termination.

("') Value applies to PAL signals.
('?) Values apply to SECAM signals. For programme exchange the value is 115.

(') Assumed value for overall gamma approximately 1.2. The gamma of the picture tube is defined as the slope of the curve giving the loganthm of the Iummance reproduced as a function of
the logarithm of the video signal voltage when the brightness control of the receiver is set so as to make this curve as straight as possible in a luminance range corresponding to a contrast

of at least 1/40.

("% In Recommendation 472, a gamma value for the picture signal is given as approximately 0.4.

~doy

7-v<9

Further study is required to define maximum variation rate of line frequency valid for colour transmission. In the UK and Japan this is 0.1 Hz/s _LECIR, 1982-86v; CCIR, 1986-90 7
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FIGURE 1 — Levels in the composite signal and details of line-synchronizing signalis
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TABLE I-1 — Details of line synchronizing signals (see Fig. I)

Durations (méasured between half-amplitude points on the appropriate edges) for various systems

B,G, H, I,
- D, K, K1, L
i 2 ) ) )
Symbol Characteristics MO N® (see also
Rec. 472)
H Nominal line period (us) 63.492 64 64 (%)
(63.5555)
a Line-blanking interval (us) 102 to 11.4(8) 10.24 to 11.52 12+03(0%
(109 £ 0.2) (12 £ 0.3)
b Interval between time datum (Oy) and back edge of 891t0 103 8.96 to 10.24 10.5()
line-blanking pulse (us) (9.2 t0 10.3) (10.5)
¢ Front porch (us) 1.27 to 2.54 1.28 to 2.56 15203
(1.27t0 2.22) (1.5 £ 0.3)
d Synchronizing pulse (us) 4.19 to 5.71(8) 4.22 to 5.76 47 £ 0.2
(4.7 £ 0.1) (4.7 £ 0.2)
e Build-up time (10 to 90%) of the edges of the < 0.64 < 0.64 03 0.1
line-blanking pulse (us) (< 0.48) (0.3 £0.1)
S Build-up time (10 to 90%) of the edges of the < 0.25 < 0.25 02 +0.1(%)
line-synchronizing pulses (us) (0.2 £ 0.1)

(") Values in brackets apply to M/NTSC.

(> The values in brackets apply to the combination N‘/ PAL used in Argentina.

() In France, and the countries of the OIRT, the tolerance for the instantaneous line period value is + 0.032 ps.

(*) In 625-line countries using Teletext System B as specified in the Annex to Recommendation 653 to reduce the possibilities of
data loss, the following values are preferred [CCIR, 1982-86¢ and d):

a) line blanking interval: 12tg~(3’ us
¢) front porch: 1.5+g'(3) us

(®) Average calculated value, for information. For system I the value is 10.4 [CCIR, 1982-86b}.

() For system |, the values are 1.65 + 0.1.

(") For system I, the values are 0.25 + 0.05.

(8) In Japan, the values in brackets apply to studio facilities.
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FIGURE 2 — Details of field-synchronizing waveforms

FIGURES 2-1 — Diagrams applicable to all systems except M

AT

See Fig. 2-1¢
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First field

FIGURE 2-1a - S}'gnal at beginning of each first field

First field

See Fig. 2-1¢

Second tield

>

’==‘.

>

FIGURE 2-1b — Signal at beginning of each second field

Note 1. = AN Aindicates an unbroken sequence of edges of line-synchronizin

period.

7

g pulses throughout the field-blanking

Note 2. ~ At the beginning of each first field, the edge of the field-synchronizing pulse, Oy, coincides with the edge of a

line-synchronizing pulse if I is an odd number of half-line periods as shown.

Note 3. — At the beginning of each second field, the edge of the field-synchronizing pulse, Oy. falls midway between the
edges of two line-synchronizing pulses if / is an odd number of half-linc periods as shown.

N

- Blanking level

k4

Sync. level

(The durations are measured between the half-amplitude points on the appropriate edges)

FIGURE 2-1¢ — Derails of equalizing and svnchronizing pulses
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FIGURE 2 — Details of field-synchronizing waveforms

FIGURES 2-2 — Diagrams applicable to system M
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FIGURE 2-2a — Signal at beginning of each first field
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First field Second field See Fig. 2-2¢

FIGURE 2-2b — Signal at beginning of each second field

Note 1. — Aindicates an unbroken sequence of edges of linc-synchronizing pulses throughout the field-blanking period.
Note 2. - Field-one line numbers start with the first equalizing pulsc in Field 1, designated Of) in Fig 2-2a

Note 3. — Field-two line numbers start with the sccond equalizing pulsc in Field 2, onc-half-line period after Oy in
Fig. 2-3b.

——— Sync. level

~T
[ <

FIGURE 2-2¢ — Details of equalizing and synchronizing pulses
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8
} TABLE 1-2 — Details of field synchronizing signals (see Fig. 2)
Duration (measured between half-amplitude points on the appropriate edges) for various systems
B, G, H, I, D, K,
Symbol Characteristics M N K1, L (see also
Rec. 472)
v Field period (ms) 16.667 () 20 20
(16.6833)
Jj Field-blanking interval (for H and a, see Table 1-1) (19t0 21) H + al®)f 19t025) H+ a 25H+ a
(25 H+ a)
JO Build-up time (10 to 90%) of the edges of < 6.35 < 6.35 03 = 0.1
field-blanking pulses (us) - (03:£0.1)
k() Interval between front edge of field-blanking interval (1.5 = 0.1) 3 £ 2(°) (systems
and front edge of first equalizing pulse (us) B/SECAM,
G/SECAM, D, K,
K1 and L only;
no ref. in
Rec. 472)
I Duration of first sequence of equalizing pulses 3 H 3H - 25 H
: (25 Hy :
m } ‘Duration of sequence of synchronizing pulses 3H 3 H 25 H
(25 H)
n Duration of second sequence of equalizing pulses 3 H 3H . 25 H
(25 H) -
p Duration of equalizing pulge (us) 23 +£0.1)(® 2.30 to 2.56 235+ 0.1
(235 £ 0.1)
q | Duration of field-synchronizing pulse (us) 27.1 26.52 10 28.16 21.3()
: (nominal value) (27.3) (nominal value)
r Interval between field-synchronizing pulse (us) (4.7 £ 0.1) 3.84 to 5.63 47 +£02(¢9
) ) : (4.7 £0.2)
s Build-up time ‘(10 to 90%) of synchronizing and < 0.25 <025 02 % 0.1(°)
I equalizing pulses (us) (0.2 = 0.1)
(') The values in brackets apply to the combination N/PAL used in Argentina.
(® The value in brackets applies to the M/NTSC system.
() The wvalue 0.07 v t 8'012 V' is used in Japan
where v is the field period.
(*) Not indicated in the diagram.
(®) This value is to be specified more precisely at a later date.
(®) The following specification is also applied in Japan: an equalizing pulse has 0.45 to 0.5 times the area of a line-synchroniz-
ing pulse.
(") For system I: 27.3 + 0.1.
(®) For system I: 4.7 + 0.1.
(®) For system I: 0.25 + 0.05.



TABLE 11 — Characteristics of video signal for colour television

Colour television system

into account )

Item Characteristics -
B, D, G, H, K, Kt, . 1
M/NTSC M/l"AL B, D, G, H,'N/PAL I/PAL L/SECAM N/PAL ()
2.1 Assumed chromaticity X y : x y
coordinates (CIE, 1931) Red 0.67 0.33 Red 0.64 0.33
for primary colours Green 0.2} 0.71 Green 0.29 0.60
of receiver " Blue 0.14 0.08 Blue 0.15 0.06 A
2.2 Chromaticity coordinates L ' .
for equal primary signals Hluminant C x = 0310 Hluminant Dy x = 0313
E’R = E’G = E’B y= 0.316 y= 0.329
A )
23 Assumed gamma value
of the receiver for which
. . 22 2.8
the primary signals are
pre-corrected *
24 Luminance signal E’y = 0299 E'r + 0.587 E’; + 0.114 E% é)
‘t» E'c and E’y are gamma — pre-corrected primary signals )
2.5 Chrominance signals Ey= <027 E’3— Ev)+ E’y=0.493(E’s— E'y) D'g= —1.902(E'r— E’y)
(Colour difference) +0.74(E'» - E'y) E'y=0871(E'x~ E’y) D'p=  1.505(E’s— E'y)
E'y=041(Es~ E'y)+
+0.48(E'r— E'y)
2.6 Attenuation of dB MHz dB  MHz dB  MHz dB MHz dB MHz
colour difference < 3at13 .
signals E1{520a36 - Eyl< 2at13 Ev|l < 3ar13 Drl< 3at13 Ey < 3at13
Ey | >20atl6 Eyp|>20at4 D |>30at3s E'v > 20at 3.6
< 2at04
Eg{< 6at05 Low frequency
> 6at0.6 pre-correction not taken

See notes at the end of Table I1.
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TABLE 1l (continued)

Colour television system

Item - Characteristics 55G m
M/NTSC M/PAL B, D, G, H, N/PA » D, G, H, K, Ki, r
G, H, N/PAL I/PAL L/SECAM N/PAL (")
2.7 Low frequency pre-correction For sinusoidal signals:
of colour difference signals D'p* = Apr(f)D’g
Dp* = Apr(f)D’s
14j(/7
Asp(f) = ZHIID).
14j(f73/)
J = signal frequency
(kHz)
fi = 85 kHz
(See Fig. 6 for the ¢
amplitude response)
2.8 Time-coincidence <0.05
error between Excluding
luminance and pre-correction for'
chrominance signals (us) receiver response
29 Equation of composite colour | Ey = E'y + Ey = E’y + E'ysin 2nf, '+ E’y cos 2nf,,’ Ey = E'v+ Gcos 2n
signal + E’psin 2nf,/+33°) + N { prsds
+ E’jcos (2nf,'+33°) Uor” + A o fo D' dn)
or Ey = E’y + Gcos 2n
where: where: (fos” + Afo,,j", D’g* di)
E’y, see item 2.4 E’y, see item 2.4 ;cliltzrna;‘tely from line to
where:
‘0 and E’, see item 2.5| E’y and E’y, see-item 2.5 n ere
Sowy se€€ item 2.11 Jier S€€ item 211 E’y, see item 2.4
(See also Fig. 4a) The sign of the £’y component is the same as that of the sub-carrier burst | Jor and fos, see item 2.11
(changing for each line) (see item 2.16 and Fig. 4b) Afor and Afps,
) see item 2.12
D’R. and D'g‘,
see item 2.7
G, see item 2.13
2.10 | Type of chrominance Frequency modulation

sub-carrier modulation

Suppressed-carrier amplitude-modulation of two sub-carriers in quadrature

See notes at the end of Table 11.
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TABLE 11 (continued)

Colour television system

Item Characteristics P G KK
. ’ ) ] ’ ] » 1
M/NTSC M/PAL B, D, Q. H, N/PAL I/PAL L/SECAM N/PAL (Y
2.1t | Chrominance sub-carrier 3579545 £ 10 3575611.49 £ 10 443361875t 5 443361875 £ 1 ) (") | Sfor = 4406 250 + 2000 358205625 £ 5
frequency .
(a)nominal value and Jos = 4250000 + 20(:?
tolerance (Hz) Q]
(b) relationship between Unmodulated sub-carrier
chrominance sub-carrier 455 909 1135 | at beginning of line
frequency /i fo= =1 fio= =1 - (_ __) 282 fu for for - (m L)
and line frequency fj ' 2" 4" Joe s 6 Ju 272 fu for fos (*?) S s "6 Ju
2.12 | Bandwidth of chrominance Nominal
sidebands (quadrature deviation [Maximum
modulation D’*= 1 | deviation
of sub-carrier) (kHz) *
or Af; 2809 |+350+18
+620 +600 +570 + 1066 OR +620
-~ Se S &) Je ) | (£19 (£35) Jee
Frequency deviation of "~ 1300 1300 ~1300 " ~1300 —506::25 ~1300
chrominance sub-carrier (£50)
(frequency modulation of i
sub-carrier) (kHz) Afos| 2307 |+506+25
" | (£115) (£50)
—~350+18
(£39)

See notes at the end of Table II.
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TABLE. Il (continued)

Colour television system

Item Characteristics D o KK
) s Wy 11y Dy ) 1
M/NTSC M/PAL B, D, G, H, N/PAL I/PAL L/SECAM N/PAL (")
2.13 | Amplitude of chrominance G=VEFYEZ G= VEF+EV 1+4j16F
sub-carrier o —————
‘o 17 " 1+4+j1.26F
M) 9 where the peak-to-peak
amplitude, 2Mp is -
23 £+ 2.5% of the
luminance amplitude
(between blanking level
and peak-white) -
and F = { —[q
h S
‘where fy = 4286 kHz
and f is the instantaneous
sub-carrier frequency.
The deviation of
frequency, f, from its
"nominal value due to
misalignment of the
circuits concerned should
not exceed + 20 kHz.
(See Fig. 7 for the
amplitudc response)
2.14 | Synchronization of Sub-carrier burst on i
chrominance sub-carrier blanking back porch Sub-carrier burst on blanking back porch
(g) Start of sub-carrier burst 4.71 to 5.71 (5.3 58 + 0.1 5.6 £ 0.1 after epoch Oy
(see Fig. 1a) (us) nominal) at least after epoch Oy "
0.38 us after the trailing (@)
edge of line ) ‘
synchronization signal
(h) Duration of sub-carrier 2.23 to 3.11 2.52 + 0.28 2.25 + 0.23 (10 £ 1 cycles) 2.51 + 0.28
burst (9 £ 1 cycles) (9 £ 1 cycles) . (9 % 1 cycles)

(see Fig. ta) (ns)

See notes at the end of Table II.
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TABLE 11 (continued)

Colour television system

signals, or, in
countries where this is
possible, during the
whole of the
field-blanking interval
(see item 2.18)

ftem Characteristics
B, D, G, H, K, KI, 1
M/NTSC M/PAF B, D, G, H, N/PAL I/PAL L/SECAM N/PAL (')
2.15 | Peak-to-peak value of 4/10 of difference 3/7 of difference between blanking level and peak white-level + 10%
chrominance sub-carrier between blanking level | For systems D and | the tolerance is + 3%
burst and peak
(see Fig. 1a) (") | white-level £ 10% % (") ('9
2.16 | Phase of chrominance 180° relative to 135° relative to E’; axis with the following sign (see Fig. 4b)
sub-carrier burst (E’g— E’y) axis ‘
(see Fig. 1a) (see Fig. 4a) . "
In the NTSC sequence Field Number (%)
of four colour fields,
field 1 is identified in ! 2 3 4 5 6 7 8
accordance with Line
Note (*) Burst blanking sequence (see Figs. Sa and 5b)
(see also Fig. 5¢)
1 11 11 1v 1 H 1 v
even - - + + - - + +
odd + + - - + + - -
2.17 Blanking of chrominance Fbllowing each 11 lines of 9 lines of the field-blanking interval: (a)from Iéading edge of
sub-carrier equalizing pulse and field-blanking lines 311 to 319 inclusive line-blanking signal up
also during the broad | interval: 623 to 6 inclusive to i=56%0.2 (us)
synchronizing pulses 260 to 270 310 to 318 inclusive after epoch Oy,
in the field-blanking 522t0 7 622 to S inclusive i.e. during c+:"
interval 259 to 269 . (see Fig. 1) (*°)
Mt 8- (See Fig. 5a) (b) During field-blanking
. ' interval, excluding
(See Fig. 5b) frame identification

See notes at the end of Table II.
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TABLE 11 (continued)

Colour television system

blanking

integration, the
tolerance on the
coincidence between
the reference
sub-carrier and the
horizontal .
synchronizing pulses

in nominally 0 + 40° '

of the reference
sub-carrier

can be chosen:

- line identification:
by chrominance
sub-carrier reference
signals on the
line-blanking back porch
(ZJ) .

- by identification signals
occupying 9 lines of
field-blanking period:
(a)line 7 to 15 in 1st

and 3rd field
(b)line 320 to 328 in

2nd and 4th field

(See Fig.9) (*)

Shape of video signals

corresponding to

identification signals:

For lines D’g~ Trapezoid

with linear variation from

beginning of line

on 15 +5 us from O up to

level +1.25 and then

constant at the level
+1.254+0.06 (£0.13)

(See Fig. 8)

Item Characteristics 5D G K
] ) ) ] ’ ’ 1y .
M/NTSC M/PAL B, D, G, H, N/PAL 1/PAL L/SECAM N/PAL ( ).
2.18 | Synchronization of See item 2.16. By E’y chrominance component of sub-carrier burst In the SECAM system,
chrominance sub-carrier For signals used in (See item 2.16) one of two colour
switching during line programme synchronization methods

See notes at the end of Table I1.
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TABLE 11 (continued)

Item

Characteristics

Colour television system

M/NTSC

M/PAL

B, D, G, H, N/PAL 1/PAL

B, D, G, H, K, Ki,
L/SECAM

N/PAL (")

For lines D’s— Trapezoid
with linear variation from
the beginning of the line
on 18 + 6 pus (20 £ 10 ps)
from 0 down to level
—~1.52 and then constant
at the level

—1.52 £ 0.07 (£ 0.15)
(see Fig. 8) ™

Peak-to-peak amplitude of
identification signals:
For lines D’:
500 + 50 mV
For lines Dz
+40'mV
540-—50 mV
if amplitude of luminance
signal (between blanking
level and peak white)

-equals 700 mV

Maximum deviation
during transmission of
identification signals
(kHz):
For lines D'g:
+350 + 18
(% 395)
For lines D’
"'=350 £ 18
(% 35)
()

See notes next page.
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(") These values apply to the combinstion N/PAL used in Argentina, 6nly those
values are given in this column which are different from the values given in the
column B, G, H, N/PAL.

(*) For SECAM systems and for existing sets, it is provisionally allowed to use the
following chromaticity coordinates for the primary. colours and white:

x y
Red 0.67 0.33
Green  0.21 0.71
Blue 0.14 0.08
White 0310  0.316 (C-white) :

() In Japan, the chromaticity of studio monitors is adjusted to a D-white at
9300 K.

(*) The primary signals are pre-corrected so that the optimum quahty is obtained
with a display having the indicated value of gamma.

(®) In certain countries using the SECAM systems and in Japan it is also permitted
to obtain the luminance signal as a direct output from an independent
photo-electric analyser instead of from the primary signals.

(®) For the SECAM system, it is allowable to apply a correction to reduce
interference distortions between the luminance and chrominance signals by an
attenuation of the luminance signal components as a function of the amplitude
of the luminance components in the chrominance band.

(") This value will be defined more precisely later,

(*) The maximum deviations from the nominal shape of the curve (see Fig. 6)
should not exceed + 0.5 dB in the frequency range from 0.1 to 0.5 MHz and
+ 1.0 dB in the frequency range from 0.5 to 1.3 MHz.

(°®) When the signal originates from a portable or overseas source the tolerance on
the frequency may be relaxed to + 5 Hz. Maximum rate of variation of
Ssc:0.1 Hass.

(') This tolerance may not be maintained during such operational procedures as
“genlock™.

(") A reduction of the tolerance is desirable.

('?) The initial phase of the sub-carrier undergoes in each line a variation defined by
the following rule:
From frame to frame: by 0°: 180°: 0°: 180° and so on, and also from line to
lme in either one of the following two patterns:
1 0°:180°: : 180°: and so on,
or 0° 0°:0°: 180" 180° 180°: and so on.

91

(") f. * 1300 kHz is ddopted in the People's Republic of China:

(') The unity value represents the amplitude of the luminance signal between the
" blanking level and. the peak white-level.

("*) Provisionally, the folerances may be extended up to the values given brackets.

'%) During transmission of a monochrome programme of significant duration, in
8

- order to ensure satisfactory operation of colour-killers in receivers, all s:gnals
having the same nominal frequency as the colour sub-carrier that appears in the
line-blanking interval, should be attenuated by at least 35 dB below the
peak-to-peak value of the burst given in item 2.15, column 3 of Table II, and
shown as item 5 in Fig. 1.

(') The value given in Note (*%) is accepted on a tentative basis.

("*) Transmitter pre-correction for receiver group delay is not included.

p delay

(%) For the use of automatic gain control circuits, it is important that the burst
amplitude should maintain the correct ratio with the chrominance signal
amplitude.

(¥ Field 1 of the sequence of four Felds in the NTSC video signal is defined by a
whole line between the first equalizing pulse and the preceding horizontal
synchronizing pulse and a negative-going zero-crossing of the reference sub-carrier
‘nominally at the 50% point of the first equalizing pulse. The zero-crossing of the
reference sub-carrier shall be nominally coincident with the 50% point of the
leading edges of all horizontal synchromzmg pulses for programme integration at
the studio.

(2') Field 1 of the sequence of eight colour fields is defined as that field, where the
phase ¢ E’; of the extrapolated E’; component (see item 2.5 of Table I1) of the
video burst at the hall amplitude point of the leading edge of the line
synchronizing pulse of line 1 is in the range -90° < ¢ Ey < 90°.

(**) The value of the tolerance will be defined more precisely later.

(¥*) The line identification method is preferable, because it will enable agreements to
be reached subsequently on the suppression of frame identification signals in
international programme exchanges. In the absence of such agreements, signals
meeting the SECAM standard are regarded as comprising such identification
signals.

In France, a decree of 14 March 1978 specified that colour TV receivers placed on
sale on or after 1 December 1979 must use the line identification method of
decoding [CCIR, 1982-86c). .

(%) The order in which the identification signals Dg* and Dg* appear on the four
fields of a complete cycle given in Fig. 9 is in conformity with
Recommendation 469.
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TABLE 111 — Characteristics of the radiated signals (monochrome and colour)

[tem Characteristics M N B, G H I D, K K1 L
1 Nominal radio-frequency B:7
channe! bandwidth (MHz) 6 6 G:8 8 8 8 8 8
=
2 - Sound carrier relative to +5.5 +5.9996 +6.5
&" vision carrier (MHz) +4.5() +45 +0.00t +5.5 +0.0005 +0.001 +6.5 +6.5
M O ), ), (28) (25) :
3 §° Nearest edge of channel
3 relative to vision carrier
o (MHz) -1.25 —~1.25 ~1.25 -1.25 —1.25 —-1.25 -1.25 -1.25
g
4 g Nominal width of main
g | sideband (MHz) 4.2 42 5 5 5.5 6 6 6
iz
S Nominal width of vestigial
sideband (MHz) 0.75 0.75 0.75 1.25 1.25 0.75 1.25 1.25
6 Minimum attenuation of vestigial 20 (—1.25) 20 (~1.25) 20 (- 1.25) 20 (- 1.75) 20 (~3.0) 20 (—1.25) 20 (~2.7) 15 (=2.7)
sideband (dB at MHz) (%) 42 (—-3.58) 42 (-3.9) 20 (-3.0) 20 (—-3.0) 30 (—4.43) 30 (—4.33 30 (~4.3) 30 (~4.3)
30 (—4.43) +0.1) ref.: 0 (+0.8) ref.: 0 (+0.8)
Q) " O
7 Type and polarity of vision
modulations C3F neg. C3F neg. C3F neg. C3F neg. C3F neg. C3F neg. C3F neg. C3F pos.
8 ('S 1 Synchronizing level 100 100 100 100 100 100 ldO <6
=]
F o
B 2 | Blanking level 72510 77.5 72510 71.5 75 £ 25 72510 77.5 76 £ 2 75 £ 25 75 £ 25 30 £ 2
Sd (75 £ 2.5) "
o 0
23
2 2| Difference between black level 2.88 to 6.75 2.88 10 6.75 0to2 0to7 0 0tod5(" 0to 4.5 0to 4.5
= 5 | and blanking level (26) (nominal) (nominal)
S '
% Peak white-level 10 to 15 10 to 15 1010 12.5 10 to 12.5 20+2 10 to 12.5 10 to 12.5 100 (= 110)
- (10 to 12.5) MM - ™M "%

See notes at the end of Table 111,
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TABLE Il (continued)

Characteristics

‘N(')

Fig. 3)

Item M B, G H | D, K K1 L
9 | Type of sound modulation F3E F3E F3E F3E F3E F3E F3E A3E
10 | Frequency deviation (kHz) + 25 + 25 + 50 + S0 +.50 + 50 :i: 50-
11 Pre-emphasis for modulation (us) 75 75 50 50 50 50 50
12 Ratio of effective radiated powers of | 10/1 to 5/1 (") 10/1 to 5/1 20/1 to 10/1 5/1 to 10/1 5/1 10/1 to 5/1 (*") 1071 10/1
vision and (prizmary) sound (16) . ) (Y (%) (28) 10/1 () (25) 10/1 to L0/1(27)
13 | Pre-correction for receiver 0 I MHz 0 + 100\ () )
group-delay characteristics at 1 MHz 0 + 100
medium video frequencies (ns) 1 MHz 0 + 60
(see also Fig. 3)
14 | Pre-correction for receiver -170 -170 G
group-delay characteristics at colour (nominal) +60 (nominal)
sub-carrier frequency (ns) (see also . -170 —40 )

(') The values in brackets apply to the combination N/PAL used in Argentina.

() In Japan, the values +4.5 % 0.001 are used.
() In the Federal Republic of Germany, Italy, the Netherlands and Switzerland

a system of two sound carriers is used, the frequency of the second carrier being 242.1875 kHz above the o
frequency of the first sound carrier. The ratio between vision/sound e.r.p. for this second carrier is 100/1. For further information on this system see Report 795. For stereophonic

sound transmissions a similar system is used in Australia with vision/sound power ratios being 20/1 and 100/1 for the first and second sound carriers respectively.

(*) New Zealand uses a sound carrier displaced 5.4996 +0.0005 MHz from the vision carrier.
(*) The sound carrier for single carrier sound transmissions in Australia may be displaced 5.5 £ 0.005 MHz from the vision carrier.
(®) In some cases, low-power transmitters are operated without vestigial-sideband filter.

(") For B/SECAM and G/SECAM: 30 dB at —4.33 MHz, within the limits of £ 0.1 MHz.

(%) In some countries, members of the OIRT, additional specifications are in use:
(a) not less than 40 dB at —4.286 MHz + 0.5 MHz,

(b)0 dB from —0.75 MHz to +6.0 MHz,

(c) not less than 20 dB at + 6.375 MHz and higher;
Reference: 0 dB at + 1.5 MHz.

() In the People’s Republic of China, the attenuation value at the point (—4.33 + 0.1) has not yet been determined.

81
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("% Australia uses the nominal modulation levels specified for system 1.
(") In the People’s Republic of China, the values 0 to 5 have been adopted. .

(') Ttaly is considering the possibility of controlling the peak white-level after weighting the video frequency signal by a low-pass filter, so as to take account only of those spectrum
components of the signal that are likely to produce inter-carrier noise in certain receivers when the nominal level is exceeded. Studies should be continued with a view to optimizing the

response of the weighting filter to be used.

(**) The USSR has adopted the value 15 + 2%. )

(**) A new parameter “white level with sub-carrier” should be specified at a later date. For that parameter, the USSR has adopted the value of 7 + 2%.

(%) The peak white-level refers to a transmission without colour sub-carrier. The figure in brackets corresponds to the peak value of the transmitted signal, taking into account the colour
sub-carrier of the respective colour television system. ' y C : ’

('%) The values to be considered are:

— the r.m.s. value of the carrier at the peak of the modulation envelope for the vision signal. For system L, only the luminance signal is to be considered. (See Note (%) above);
— the r.m.s. value of the unmodulated carrier for amplitude-modulated and frequency-modulated sound transmissions.

(*") In Japan, a ratio of 1/0.15 to 1/0.35 is used. In the United States, the sound carrier e.r.p. is not to exceed 22% of the peak authorized vision e.r.p.

('®) It may be that the Austrian Administration will continue to use a 5/1 power ratio in certain cases, when necessary.

(") Recent studies in India [CCIR, 1982-86f] confirm the suitability of a 20/1 ratio of effective radiated powers of vision and sound. This ratio still enables the introduction of a second sound
carrier. )

(*) The ratio 10/1 is used in the Republic of South Africa and in the United Kingdom.

(*') In the People’s Republic of China, the value 10/1 has been adopted.

(%) In the Federal Republic of Germany and the Netherlands the correction for receiver group:delay characteristics is made according to curve B in Fig. 3a). Tolerances are shown in the table
under Fig. 3a). From [CCIR, 1966-69] it is learned that Spain uses curve A. The OIRT countries using the B/SECAM and G/SECAM systems use a nominal pre-correction of 90 ns at
medium video frequencies. In Sweden, the pre-correction is 0 + 40 ns up to 3.6 MHz. For 4.43 MHz, the correction is —170 + 20 ns and for 5§ MHz it is —350 + 80 ns. In New Zealand
the pre-correction increases linearly from 0 x 20 ns at 0 MHz to 60 + 50 ns at 2.25 MHz, foilows curve A of Fig. 3a from 2.25 MHz to 4.4 MHz and then decreases linearly to
—300 + 75 ns at S MHz. In Australia, the nominal pre-correction follows curve A up ta 2.5 MHz, then decreases to 0 ns at 3.5 MHz, —170 ns at 4.43 MHz and —280 ns at 5 MHz. Based
on studies on receivers in India, the receiver group delay pre-equalization proposed to be adopted in India at 1 MHz, 2 MHz, 3 MHz, 4.43 MHz and 4.8 MHz are +125 ns, +150 ns,

+142 ns, ~75 ns and —200 ns respectively. In Denmark, the precorrection at 0, 0.25, 1.0, 2.0, 3.0, 3.8, 4.43 and 4.8 MHz are
0, +5, +53, +75, +75, 0, -170 and -400 ns.

(**) Not yet determined. The Czechoslovak Socialist Republic proposes +90 ns (nominal value).

(P*®) Not yet determined. The Czechoslovak Socialist Republic proposes +25 ns (nominal value).

(24) In Denmark, Finland, New Zealand,Sweden and Spain a system of two sound
carriers is used. In Iceland and Norway the same system is being
introduced. The second carrier is 5,85 MHz above the vision carrier and
is DQPSK modulated with 728 kbit/s sound and data multiplex. The ratios
between vision/sound power are 20/1 and 100/1 for the first and second
carrier respectively. For further information, see Recommendation 707,
Report 795 and Report 1214,

(25) In the United Kingdom, a system of two sound carriers is used.

The §econd sqund garrier is 6.552MHz above the vision carrierand is
DQPSK modulated with a 728kbit/s sound and data multiplex able to '
carry two sound channels. The ratio between vision and sound e.r.p.

for Fhe sgcond carrier is 100/1. Further information on this system
is given in Report 795. '

(26) In Japan, the values of 0 to 6.75 have been adopted.

(37) In France, experimental.
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Frequency (MHz)

(a) B/PAL and G/PAL systems

(See Table III (22))

(b) M/PAL and M/NTSC systems

Nominal values and tolerances (ns)

FIGURE 3 - Curve of pre-correction for receiver group-delay characteristics

Frequency (MHz)

Curve A Curve B
0-25 + 540
1-00 + 30 + 50 + 53 + 40
2-00 + 60 + 50 + 90 + 40
3-00 + 60 £ 50 + 75 + 40
3.75 0+ 50 0+ 40
4-43 —~170 £ 35 —170 + 40
4-80 —260 + 75 —400 + 90
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B: phase of the burst
a) NTSC system
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/ A: phase of the burst in odd lines of the first, second, fifth and
/7 sixth fields and in even lines of the third, fourth, seventh
y, / and eighth fields

e/ B: phase of the burst in even lines of the first, second, fifth
/ and sixth fields and in odd lines of the ‘third, fourth,

seventh and eighth fields
b) PAL system

FIGURE 4 — Chrominance axes and phase of the burst
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FIGURE 5a — Bursi-blanking sequence in the B. G, H and I/PAL systems

Oy: field-synchronizing datum

L IL T 1V first and fifth, second and sixth,
third and seventh, fourth and
eighth fields (see item 2.16 of
Table I1)

A: phase of burst: nominal value +135°

©

phase of burst: nominal value — 135°

C: burst-blanking intervals
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FIGURE 5b — Burst-blanking sequence in M/PAL system

Oy: field-synchronizing datum

1, 11, HI, 1V: first and fifth, second and sixth,
third and seventh, fourth and
eighth fields (see item 2.16 of
Table I1)

A: phase of burst; nominal value + 135°

b

phase of burst: nominal value —135°

C: burst-blanking intervals



24 Rep. 624-4
Colour field 1
- Time ——— Field-blanking period
19 H minimum 1
15¢0.1us T -
g B 3H 1 3H 3H |
[ 1
HlAosodl 1y 2 3 | 4 ) 17, 8 | 8 10 18 19| 1/20\
| rrrrruuuLg mixa'mimid
Start of H : H } SH, H
. field 1 i
H sync. e | . i ‘ |
interval Pre-equalizing ! Vertical syne. | Post-equalizing | |
<~ pulse interval pulse interval I~ pulse interval
23 ' I Li ! !
ET Reference ine ! !
&5 b-carrier phase, | Yoruical ! |
[ M sub-c P 4 | interval I |
28 colour field I | | |
° 28 |
SE Ty+vl lour field T1 I |
| Field-blanking period | |
[ T - 1 i = H 7
1pe2\! !il263 | 264 |, 265 , 266 , 267, 268 , 269 | 270 2711 212 273 281 2521{\, :
[ n 1} {21 | (s} (6} {7 8l 9! 10} (181 | (19! !
. ] |
j REERIRE {J Il
|
' ysul__ Start of , i H ,l. |
™ field II | | I i
Reference sub-carrier | ’ I
V] phase, colour field 11 | | I
)| l } } |
. T1+2V| Colour field III |
i . Jl Field-blanking period ! !
N . [ | ! A
Pug\h s26 ; s21 | s2s | s2e . s30 , s31 | s, 533 , s34 | s3s | 543 548 | |IQ§L.
' M il 2] l I , ] AT I ] ’ 18 | ol l IR T ] \
. Start of . I | ] _ |
s field ITI | ! | !
.S i | | ]
22 Reference sub-carrier | i |
Ea | phase, colour field 111 | | |
<= ! f I I
2% Tyeav] Colour field IV l |
S L i Field-blanking period | |
[\l (hres | 88 : : : o N :?
T i 1,790 ;791 ;792 793 | 794 _; 795 ; 796 | 187 798 1 806 807, /)iy
I 13} 191 1101 8l | el Vi
NI |
Start of : ! '
field IV
Reference sub-carrier
£ phase, colour field IV

FIGURE S5c — Burst-blanking sequence in M/NTSC System

Note. — The numbering of specific lines is in accordance with new engineering practice. Line numbers
in parentheses ( ) represent an alternative method of line numbering used in some systems in some

countries.



Rep. 624-4

10 - ;
|
9 s
i
7 5 \
E
6 i
b
5 s
|
i
- i
= !
4 )
2 i i
5 i ! -
£, i :
- ! i
1 i !
!
2 : '
i !
! .
‘ ; .
i 1/
1
t ‘! ! : i
A i i ; !
o L—T | i i i i
; i P
' : o
-1 ! i [
! b
z i Py
' i [
-2 ‘ i i ;
; z i R
| i ! P
- P : i P

10 20 50 100 200 S00 1000 2000

I'requency (kHz)

FIGURE 6 - Nominal response of transfer function resulting from the video-frequency precorréction
circuit Agp (f) and the low-pass filter (See Table Il, item 2. 7) )
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FIGURE 8 - Shape of video signals corresponding to the chrominance synchronization signals

The value 1 represents the amplitude of the luminance signal between the blanking level and the white level.
Provisionally, the tolerances may be extended up to the values given in brackets.



Rep. 624-4

End of the preceding
4-field sequence Beginning of first field
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DR Dg Dr

4
O: Op 03 Of (M
End of second field LBeginning of third field '
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FIGURE 9 - Sequence of Dg* or Dg* signal over four consecutive fields

-1 -2

P - -« i

FIGURE 10 - Significance of items [ to 5 in Table I/

B : Channel limit
V: Vision carrier

S : Sound carrier
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ANNEX 1

SYSTEMS USED IN VARIOUS COUNTRIES/GEOGRAPHICAL AREAS

Explanation of signs used in the table:
* . planned (whether the standard is indicated or not);
—: not yet planned, or no information received;
/ : the abbreviation following the stroke indicates the colour transmission system in use (NTSC, PAL or
SECAM). :
(Figures in brackets refer to the nbtes following the table.)
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System used in bands:

Country/Geographical area 17111 1v/V
VHF broadcasting UHF broadcasting
(Band 8) (Band 9)

Afganistan (Democratic Republicof) . . . ... ... ... D/SECAM . -
Algeria (Algerian Democratic and Popular Repubhc) B/PAL - (8)| G/PAL (8)
Germany (Federal Republicof) . ... ........... B/PAL (12)] G/PAL {12)
Angola (People’s Republicof) . . . . ............ I/PAL (8)| I/PAL* (8}
Netherlands Antilles . . ... ................ M - )
Saudi Arabia (Kingdomof) . ... ............. B/SECAM, PAL (8)] G/SECAM (8}
Argentine Republic . . .. .................. N/PAL N/PAL
AUSITAliE . . o o e e B/PAL (11)] B/PAL (11}
AUSIHA . o v e e e e e e B/PAL G/PAL (1)
Bahrain (Stateof) . . . ... ... .. ... ... ... B/PAL G/PAL
Bangladesh (People’s Republicof) ... ... . ... ... B/PAL -
Belgium . . . . ... ... B/PAL H/PAL
Benin (People’s Republicof) . . . .. ... e K 1/SECAM (8);] K1/SECAM (8)
Bermuda . ... ... ... ... . M/NTSC - :
Burma (Socialist Republic of the Unionof) . . .. ... .. M/NTSC - . -
Bolivia (Republic 0f) ¢ v v e vt veeoovenocnnsen M/NTSC M/NTSC
BOtSWANA «evvveeeeeronncneanancoanns I/PAL (8)] I/PAL* (8)
Brazil (Federative Republicof) . .. .. ... ... .... M/PAL M/PAL
Brunei Darussalam . .. ................... B/PAL -
Bulgaria (People’s Republicof) . .. ... ......... D/SECAM K/SECAM
BurkinaFaso. . ... ... ... ... . ... ... K1/SECAM (8)] KI1*/SECAM (8)
Burundi (Republicof) . ... ... ............. K 1/SECAM* (8)] Ki / SECAM* (8)
Cameroon (Republicof) . ... ... ... ... ..... B/PAL G*/PAL
Canada . . ... ... e M/NTSC M/NTSC
Cape Verde (Republic of) ........... | KL/SECAM* (8)| Ki/SECAM* (8)
Central African Republic. . . . . ... ........ ... K1/SECAM* (8)| K1/SECAM* (8)
Chile. . . .. . e M/NTSC M/NTSC
China (People’s Republicof) . ............... D/PAL D/PAL
Cyprus (Republicof) ... .................. B/SECAM G/SECAM
Colombia (Republicof). . . . ... ... ........ M/NISC M+
Comores (Islamic Federal Republicof) . ... ...... K1/SECAM* (8)! K1/SECAM* (8}
Congo (People’s Republicofthe) . . ... ......... K 1/SECAM* (8)| KI1/SECAM* (8}
Korea (Republicof) ......cvveviinnn ceeean M/NTSC M/NTSC
CoSta RiCA e e v evveeeenceneasenccaasaanas M/NTSC M/NTSC
Caote d'Ivoire (Repubhc of) ... K 1/SECAM (8)] K1/SECAM* (8)
CUba . i e e e M/NTSC M/NTSC
Denmark (Including Greenland and Faeroe Islands) . . . B/PAL (13)| G/PAL (13)
Dijibouti (Republic of) . . . . ..ot B/SECAM (8)| - (8)
Egypt (Arab Republicof) .. ................ B/SECAM (8) | G/SECAM (8)
El Salvador (Republlc of) vevuuu.... | WNISC .
United Arab Emirates. . . . . ... .. ... ........ B/PAL G/PAL
SPAM .« o o e e e B/PAL (13)| G/PAL (13)
United States of America .. . . .. ............. M/NTSC M/NTSC
EtRiOPIa. » o v v v vttt e e e e B,G/PAL (8)| G/pAL* (8
FIntand . - . oo oo B/PAL (13)| G/pAL (13)
France . . . o oo oot e e e e e e e L/SECAM (D) | L/secaMm  (7)(14)
Gabonese Republic . .. ................... K1/SECAM (8) | K1/SECAM* (8)
Gambia (Republlc of the) ........... I/PAL (8)! 1/PAL* (8)
Ghana . . . .. ..o i e B/PAL (8) | B/PAL* (8)
Gibraltar . . . ... ... e B/PAL G/PAL
GrEECE . « & i v it e et e e e e B/SECAM G/SECAM
Guinea (Republicof) . .. ...... ... ... ..... K1/SECAM,PAL (8) | K1/PAL* (8)
Guinea-Bissau (Republic of) ........ I/PAL* (8) | 1/PAL*
v ‘ s ' ) PAL (8)

quatorial Guinea (Republicof) . ... .......... B/PAL (8) | G/paL (8)
HongKong. ... ...... ... ... ... ... ..... - 1/PAL
Hungarian People’s Republic . . ... ........... D/SECAM K/SECAM
India (Republicof) ... ... ... ............. B/PAL -
Indonesia (Republicof). . . .. ... ............ B/PAL -
Iran (Islamic Republicof) . ... ... ... ........ B/SECAM G/SECAM
Iraq (Republic of) ................. B,G/SECAM (8) | G/SEcam: (8)
Ireland . ....... ... . ... .. I/PAL (33| I/PAL (3)
Iceland . . ... .. ... B/PAL (13) | G* (13)
Israel (Stateof) - . . . ... ... ... ... .......... B/PAL G/PAL (5)
Italy . . . . .o e B/PAL (12} } G/PAL (12)
Jamaica . .. ... N -
Japan . ... M/NTSC M/NTSC
Jordan (Hashemite Kingdom of) . ... .......... B G*
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System used in bands:

Country/Geographical area 17111 1IvV/v
VHF broadcasting UHF broadcasting
(Band 8) (Band 9)
Kenya (Republicof) . .................... B/PAL (8)| B,G/PAL* (8)
Kuwait (Stateof) . . ....... ... ....v ... ... B/PAL (8)| G/PAL*. (8)
Lesotho (Kingdomof) ... ................. I*/PAL (8)| 1*/PAL (8)
Liberia (Republicof) ... ... ... ............ B/PAL (8)| G/PAL* (8)
Libya (Socialist People's Libyan Arab Jamahiriya) . . . . B,G/PAL . (8)| B,G/PAL* (8)
Luxembourg . . ... ... ... ...ttt B/PAL G/PAL, L/SECAM
Madagascar (Democratic Republicof) . ... ... .. .. K1/SECAM (8)| K/SECAM* (8)
Malaysia . .. .... ... ..., B/PAL G/PAL
MalaWi . .. oot I/PAL (8)| I/pAL* (8}
Maldives . ... ... ..ot e B/PAL -
Mali (Republicof). . .. .................. . B/SECAM (8Y G/SECAM* (8)
Malta (Republicof) . . . . ... ... ........... B/PAL -
Morocco (Kingdomof) . . . .. ............... B,G/SECAM (8) G/SECAM (8)
Mauritils « « o o o e e e e e e e e e B,G/SECAM (8)]" B,G/SECAM* (8)
Mauritania (Islamic Republic of) . . . ... ... ..... B/SECAM (8)f B/SECAM* (8)
MeEXiCO . . o it e M/NTSC M/NTSC
MONaco . . . . . it e e e e e e e e L/SECAM G/PAL, G/SECAM
Mongolian People's Republic ....... . | D/SECAM -
MONISEITAL . . . . . v e et vt e e e e M/NTSC -
Mozambique (People's Republic of) .. | G/PAL¥ (8)| G/PAL (8)
Namibia ........cciiuiiiieiiiaaa. | I/PAL (8)| I/PAL (8)
Niger (Republicottne) . . . . ... ............. K 1/SECAM (8)| Ki1/sEcaM (8)
Nigeria (Federal Republicof) . . ... ........... B/PAL (8)| I/PAL* (8)
NOrway . . . . ..t B/PAL (13)] G/PAL (13)
New Zealand . . .. ... ... ................ B/PAL {13)(10)] G/PAL (13)(10)
Oman (Sultanateof). . . .. ................. B/PAL G/PAL
Uganda (Republicof) . . . . ...t ie e . B/PAL (8) - (8)
Pakistan (Islamic Republicof). . . . ... o........ B/PAL G/PAL
Panama (Republic of) . . . . . e e e e e M/NTSC M*/NTSC
Papua New Guinea . . ... ................. B/PAL G/PAL
Netherlands (Kingdom of the) . . . .. ........... B/PAL (12} G/pPAL (12)
Peru . . . e e e e e M/NTSC M/NTSC
Poland (People’s Republicof) . . .. ............ D/SECAM K/SECAM
Portugal . . . .. .... .. ... ... .. ... B/PAL G/PAL
Qatar(State of) . . ... .. ... ... B/PAL G/PAL
Syrian Arab Republic. . . . .. ............... B/PAL G/PAL
German Democratic Republic . . . ... ... .. e B/SECAM G/SECAM
Democratic People's Republic of Korea ....... D/PAL K/PAL
Roumania (Socialist Republicof) . . . .. ... ...... D/PAL K/PAL
United Kingdom of Great Britain and Northern ireland - (4)] 1/PAL (13):
Rwanda (Republic of) . . .. ... ....ovurunn.. K 1/SECAM: (8)] Ki1/sEcas (8)i
St. Christopher and Nevis . . . .. ............. M/NTSC - i
Sao Tome and Principe (Dem. Rep. of) ........ B/PAL 8) - 8)
Senegal (Republicofthe). . .. ............... K 1/SECAM (8)] K1/SECAM* E&)
Seychelles ..........cvvevieeveen... | B/PAL ®) - - (8)
Sierraleone . .. ... ... ... ... ..t B/PAL (8)] G/PAL* (8)
Singapore (Republicof) ... ............. ... B/PAL G*/PAL 9)
Somali Democratic Republic. . . . ... .......... B/PAL (8)] G/paL* (8)
Sudan (Republic of the) ........ «e.. | B/PAL (8) ¢/paLx (8)
Sri Lanka (Democratic Socialist Republicof) . . . . . .. B -
South Africa (Republicof) . . . . ... ........... 1/PAL : 1/PAL
Sweden ... ............... ... B/PAL (13)) G/pPAL (13)
Switzerland (Confederationof) .. ............. B/PAL G/PAL (6)
, Surinam (Republicof) ... ................. M/NTSC -
¢ Tanzania (United Republicof) .. ............. 1/PAL (8)| I/PAL. (8)
! Chad (Republicof the) . . . .. ............... K 1/SECAM* (8)| KI1/SECAM* (8)
Czechoslovak Socialist Republic . . ... .... .. D/SECAM K/SECAM
Thailand ... ... ... ... .. .. .. ... . ... B/PAL { G/PAL*
Togolese Republic . . . .. ... .. ... ... ... K1/SECAM (8)] KI1/SECAM* (8)
Tunisia . .. ... . e e e B/SECAM, PAL  (2)| G/SECAM, PAL (2)
Turkey . ... ... ... B/PAL G/PAL
Union of Soviet Socialist Republics . ... ........ D/SECAM K/SECAM
Uruguay (Oriental Republicof) . . ... ... ....... N/PAL -
Venezuela (Republicof) . .................. M -
British Virgin Islands . . . . . ................ M/NTSC -
Viet Nam (Socialist Republicof) .. ............ D/SECAM K/SECAM
Yemen Arab Republic ................ |B/PAL (8)| G/PAL* (8)
Yemen (People's Democratic Rep. of) ....... .. |B/PAL (8) - (8)
Yu-goslavia (Socialist Federal Republicof). . . . ... .. B/PAL G/PAL
Zaire (Republicofy . ...... .. ... ..... ... K1/SECAM (8)] K1/SECAM:* (8)
Zambia (Republicofy . .. ... ............... G/PAL¥ (8)] G/PaL* (8)
Zimbabwe (Republicof) . ... ............... G/PAL* (8)] G/PAL*. (8)
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Note ]. — Austria reserves the right to the possible use of additional frequency-modulated sound carriers, in the
band between 5.75 and 6.75 MHz, in relation to the picture carrier.

Note 2. — In Tunisia SECAM is used for broadcasting the national programmes; PAL is used for rebroadcasting
other programmes.

Note3. — System 1 will be used at all stations though with a vision to sound ratio of up to 10/1. In addition
Ireland reserves the right to the possible use of an additional sound carrier in the band between 5.5 MHz and
6.75 MHz in relation to the vision carrier.

Notely, — The United Kingdom has ceased to use Bands I and I1I for television broadcasting.

Note 5. — No final decision has been taken about the width of the residual sideband, but for planning purposesv ‘
this country is willing to accept the assumption of a residual sideband 1.25 MHz wide.

Note 6. — The Swiss Administration is planning to use additional frequency-modulated sound carriers, in the
frequency interval between the spacings of 5.5 and 6.5 MHz in relation to the picture carrier, at levels lower than
or equal to the normal level of the sound carrier, for additional sound-tracks or for sound broadcasting.

Note 7. — In the French Overseas departments and territories, the system K1 is used instead of L/SECAM which
is used in the metropolitan area. .

Note 8. - This information has been taken from the preliminary requirements
file as submitted by the administrations concerned to the ITU in preparation of
the African Television Planning Conference AFBC(2). In a number of cases
transmitters using different systems as those indicated in the requlrements file
may continue ‘to operate for a transitional period.

Note 9. — Singapore reserves the right to use additional frequency-modulation sound channels in the band
between 5.5 and 6.5 MHz in relation to the picture carrier, for additional sound channels for sound broadcasting.

" Note10.— In New Zealand
the modulation levels are identical to those of System I.

Note 11.— Australia uses nominal modulation levels as specified for System [.°  For steréophonic‘ sound
transmission, an additional f.m. carrier is used similar to the system used in
the Federal Republic of Germany .

Note 12. - The Federal Republic of Germany, Italy and the Netherlands use an
additional f.m. carrier for stereophonic or two-channel sound transmission.

Note 13. - Denmark, Spain, Finland, Iceland. Norway, .

New Zealand, United Kinadom and Sweden have -
approved the use of an additional digital carrier for stereophonic or
multichannel sound transmission.

Note 14. — In France, the use of an additional digital carrier for stereophonic
or multichannel sound transmission is being investigated.
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ANNEX II

CHIEF TECHNICAL CHARACTERISTICS OF THE SECAM 1V COLOUR TELEVISION SYSTEM

1. Signéls transmitted

SECAM 1V is compatible with standard black-and-white 625-line television systems, except system N. The
luminance signal is obtained from gamma-corrected primary signals E% 5, E'’s, and corresponds to the
equation:

Yy =030 ER + 059 E; + 0.11 E}

The colour information is transmitted by two colour-difference signals:

D/ —E E/,
[ “4( EYy)

D'=—— Ep — E
B 203( 9]

Before modulation, the frequency band of the colour-difference signals occupies more than 1.5 MHz.

2, Transmission procedure

The colour-difference sngnals are transmitted by modulation of a sub-carrier. They are differentiated from
one line to the next as follows: .

Signal transmitted during one of the lines

Eq, ={L/D_é~Tb? + E,,}cos lwgr + o (1)
Signal transmitted during the following line

3={VD’ + Dy~ + E, }cos (gt + (po)

where:

E, is a d.c. voltage equal to 10% of the maximum signal,

@ (1) = arctan (D3/D?R)

I

3. Frequency of the colour sub-carrier

‘The frequency of the colour sub-carrier is equal to: f; = 4.43361875 MHz. It is related to the line sweep
frequency, fy = 15625 Hz, by the following equation:

Jo = (284—1/4) fy + 25 Hz.

4. Colour synchronization signal

The recetver switch is synchronized by synchronization signals transmitted with the composite video signal.
They represent six wave trains of the colour sub-carrier, each train lasting about 40 ps. They are transmitted
during the field returns in the 6th-11th lines of the first field and in the 319th-324th lines of the second field.
During the even lines, the sub-carrier phase in the train is ¢ = 90°, and during all the odd lines ¢ = 180°. The
amplitude of each wave train is equal to 30% of the composite signal E‘, measured between the white and black
levels. T
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5. Reception procedure

are obtained by multiplication of the transmitted signals Ey,, 4,

The colour-difference signals D% and D’ must be 10 to

and E,,, each signal being delayed in turn by the duration of one line. The level of the signal E,,
20 times higher than that of the signal Ej,, .

To obtain the correct polarity for the signals E
periodicity is used.

s_y and E';_y at each line, 2 switch working to the line

REPORT 1077-1

ENHANCED 4:3 ASPECT RATIO TELEVISION SYSTEMS
(Question 42/11)

(1986-1990)
1. Introduction

Since the development of electronic television, the art has experienced a continuous evolutionary
development which has produced a stream of improvements in the quality of pictures displayed to the viewer. A
quantum step in quality occurred with the introduction of colour. New digital technology now offers storage,
filtering and processing capabilities that will permit separate scanning standards for the picture source, emission
and in the display, thereby providing increased quality through conventional television systems. New distribution
media having wider bandwidth, such as broadcasting satellites, will permit new services with increased definition
and wider aspect ratios.

2. Definition of terms -

The term enhanced television designates a number of different improvements applicable to 525/60 and
625/50 television systems, providing an aspect ratio of 4:3 or wider, either with unchanged or with new
emission standards.

The term enhanced television is used here to include all television
systems (from source to display) not covered by Report 624 (Conventional
television systems) and Report 801 (High definition television). It is noted
that the signal format may change at different parts of the signal chain.

Enhanced television systems may be classified according to the
following parameters:

Aspect ratio - either normal aspect ratio (4:3) or wider aspect ratio
(for example, 16:9). Enhancements not involving a wider aspect ratio
are described in this report. Wider aspect ratio systems are described

in Report 1220.

Signal format - either composite (based on NTSC, PAL or SECAM) or
‘ component (for example, MAC systems).

It should be noted that there exists no clear definition of some of the
terms widely used in the description of enhanced television systems. For
example:

Compatibility: Various degrees of compatibility are possible. These
range from full compatibility with existing systems, through systems
that share the same scanning formats, to systems that have no direct
compatibility with existing systems. The compatibility can also apply
only to parts of the systems, for example, receiver compatibility.
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Resolution: Enhanced television systems do not necessarily imply the
provision of increased resolution; in some circumstances.the résc')lut:ion
may be reduced as a result of other enhancements, such as provision of
a wider aspect ratio.

3. Areas of possible 4:3 enhancements

Enhancements to conventional television systems are expected to be
introduced in the areas listed below, all of which will contribute, in a varying
degree, to improving the overall quality of the received television picture:

" — alias effects generated by the scanning process;
— luminance/colour difference cross-effects;
— signal processing capability;
— generation of moiré and non-linear signal distortion in video tape recorders;
— immunity to transmission impairments;
— receiver decoding and display techniques.

4, Enhancement ————of various signal formats

4.1 Composite formats

The composite signal formats NTSC, PAL and SECAM suffer from noticeable signal impairment due to
cross colour and cross luminance. Significant quality improvements can be achieved by the use of multi-dimension
separation filters based on line stores or frame stores. Complementary pre-filtering of the video before colour
encoding can further improve picture quality.

Methods for achieving some of these improvements are discussed in the references [Khleborodov, 1971
Wendland, 1979; Clarke, 1981; Jackson and Tan, 1981; Tonge, 1981; Schonfelder, 1983].

The British Broadcasting Corporation demonstrated the use of picture stores for PAL decoding to a joint
EBU/SMPTE Meeting in London in April 1980 [Clarke, 1981] and the effects of motion-adaptive luminance/
chrominance separation methods at the International Broadcast Convention (IBC) in 1982 [Clarke, 1982].

The picture quality possible from the use of field stores in the receiver to process conventional PAL signals
was demonstrated by Philips N.V. at the International Television Symposium at Montreux in 1983.

When appropriate filtering is applied ahead of the display, further improvements in the effective vertical
resolution can be achieved by filtering at the source. The so-called Kell effect, that results from the excess Nyquist
margin in the vertical sampling (scanning) of the image that must be allowed at the camera to avoid aliasing,
reduces the effective vertical resolution of a television system.

Studies in the Federal Republic of Germany have shown that oversampling (double line-rate scanning) at
the camera, followed by vertical filtering and aperture corrections, followed by subsampling (selecting alternate
‘lines) for transmission, can increase the Kell factor to a number approaching unity, thus increasing the effective
vertical resolution of a television system by a factor of 30-40%. When this technique is combined with display
filtering (§ 6), much larger increases in vertical resolution should be possible (Wendland, 1979).

The theoretical aspects of source and display filtering are presented in [Tonge, 1981].

Work has been reported in numerous publications in the United States,
Japan and in other countries on investigations to devise enhancements to the
composite NTSC system. Some of these ideas are applicable to PAL and work on
them is proceeding in research institutes in Europe.

In Japan an NTSC-compatible enhanced television system, known as
EDTV-1, described in [CCIR, 1986-90a] has been operational since the end of
August 1989. The new system includes hardware for five key techniques: Higher
resolution signal sources, pre-compensation of detail in highly saturated colour
pictures, adaptive emphasis of high frequency components in the luminance
signal, insertion of a ghost-cancelling reference (GCR) signal for ghost
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reduction in television receivers as shown in Report 478, and receivers with
525 line progressive display and three dimensional Y/C separation filters.
Subjective tests using 18 still pictures showed an improvement of about

1.5 grades on the GCIR 7-point comparison scale. Ghost interference, evaluated
as grade 2.5 on a 5-point impairment scale, was improved to better than grade 4
at most of the locations tested.

42 Component formats

Further improvements in picture quality can be obtained by the use of signals in analogue component
form due to the absence of luminance/chrominance cross-talk, the possible expansion of colour difference
bandwidth and the elimination of artifacts caused by the high-frequency and high-amplitude sub-carrier present in
composite systems.

The digital television experiments that preceded the adoption of Recommendation 601 clearly showed the
advantages of handling video signals in component rather than composite form.

The use of analogue components may be viewed as either an evolutionary step towards the all-digital
studio based on Recommendation 601 or as a system which in itself provides an adequate level of performance
except in certain specialized areas. In both cases a high level of compatibility should exist between the digital
component signals, the analogue component forms used in many portable equipments, the analogue component
forms used in the studio and for satellite broadcasting, and the relevant composite signals.

When the main concern is to maintain compatibility with existing equipments and infra-structures, the
work reported in [CCIR, 1982-86a, b] indicates that subject to further study a MAC 3-1-0 time compression and
time-division multiplex coding is feasible with slight modifications to existing equipment, and that a MAC 4-2-0
coding is feasible with more major modifications. Experiments have shown that the pictures obtained with a
MAC 3-1-0 coding are clearly superior to those obtained with SECAM coding. Existing analogue recording,
distribution and switching equipment was used in the studio, and mixing options were proposed. Re-utilization of
existing equipment would permit a flexible transition to digital operation. )

The use of video, in component form, has many advantages for the studio compared to composite video,
when critical operations such as colour matte and picture manipulation are considered. The CCIR has already
defined a signal format (see Recommendation 601) and suggested an interface arrangement (see Recommenda-
tion 656) for a digital component signal and there is now a need to define equivalent signal forms and interfaces
for the analogue component signal, thus allowing the benefits of components to be realized at an early date. The
technology for analogue component equipment is a small extension from current designs and leads to a logical
progression towards the digital component studio [Baldwin, 1983]. In Study Programme 42A/11, the essential
issues are outlined. In the United States of America, SMPTE has already set up a Working Group on Analogue
Component Video charged with arriving at a draft standard for studio application at an early date. There is
general agreement among those active in the field, that a signal form employing time-compression and
time-division multiplexing is the most attractive one.

In the case of the recorder, the benefits have already been demonstrated in both 525-line and 625-line
countries, through modifications to existing recorders which show improved quality with no increase in tape
consumption.

[CCIR, 1982-86c] describes the hardware implications and problem areas when recording multiplexed
analogue signals derived from a family of digital standards as described in [CCIR, 1982-86b] on conventional
25.4 mm video tape recorders. It concludes that only MAC signals of the form 4-2-0 or 3-1-0 lend themselves to
an economical modification of existing recorders.
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4.2.1

Studio - applications

A wealth of information regarding the quality obtainable in 525-line and 625-line television systems
by the use of components and the resuiting improvements in production processing [SMPTEJ, 1981;
EBU, 1981; Nishizawa er al., 1981; CCIR, 1978-82a, b, c, d} has been generated; it seems that an analogue
component system would offer a quality considerably above that of composite (NTSC, PAL, SECAM)
systems but that technology and economic considerations impose a limit somewhat below that of the
digital component 4 :2 :2 system, particularly if the constraints of current equipment and of recording
standards are considered. It appears that colour signal bandwidths of 2 to 2.2 MHz are feasible with a
modest improvement in luminance performance. There could be significant improvements in colour noise
and the elimination of cross-effects and vertical artifacts (PAL and SECAM). Intermodulation effects such
as differential gain and phase would also be eliminated if a time-multiplexed component format were to be

employed.

Time-multiplexed analogue components can be routed through conventional coaxial cables, ampli-
fiers and cross-point matrices, provided the signal bandwidth is not excessive and cross-talk behaviour in
the frequency range above 5 MHz can be controlled. Most current equipment for picture origination can
provide component outputs suitable for generating time-multiplexed analogue signals. ) -

For the mixer, the use of analogue components will improve colour matte and eliminate the
decode/re-encode functions found in many special effects systems. The result will be better quality and
somewhat less complexity.

4.2.1.1 Parallel analogue component interface

"Report 803 contains, in its Annex II, the standard parallel component
video interface for non-composite ENG signals, intended for use in existing ENG .
equipment and used for most recent equipment of this type.

For reasons of compatibility with this equipment, the quality and field
‘of application of which is increasing, it is desirable that the definition of a
analogue component parallel interface designed for the various uses contemplated
in the report should be based on this interface.

4.2.1.2 Serial analogue component interface

The EBU has defined [CCIR, 1986-90b] a format for a serial analogue
component interface to facilitate the introduction of digital component
production equipment into existing television studio areas. This format, known
as S-MAC, is designed to achieve the maximum transparency with respect to
4:2:2 digital signals (Recommendations 601 and 656) and enables the signals to
pass, in analogue form, through existing switching systems, designed for use
with composite signals.

In the United Kingdom, an implementation of the S-MAC system has been
developed [Dalton and Malcher, 1988] to carry analogue component signals between
separate areas in a production centre.

4.2.1.3 Digital component formats

Experience has shown that digital component equipment can provide unsurpassed capability in terms of
high and constant quality together with processing flexibility.

Recommendation 601 describes a family of coding standards for studio operation. Reports 629 and 962
provide additional information on the associated filtering and on digital television in general.

Recommendation 656 specifies interfaces for the equipment using the main digital swdio level of
Recommendation 601 and, also gives further information on the operation of such interfaces.
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Recommendation 657 specifies the format for the interchange of programmes recorded digitally on
magnetic tape. )

Studies in the United States of America have concluded that digital component signals in accordance with
Recommendation 601 are the preferred format for in-plant distribution of enhanced television signals, even if
derived from component analogue or high line-rate sources [CCIR, 1982-86d].

4.2.2  Circuit transmission

The transmission of the analogue component signals between studio centres or between an OB site
and its associated control studio, for example, will certainly be required. Due to the lack of a colour
sub-carrier in such signals, it appears that some relaxation of frequency response and of linearity
requirements can be tolerated.

In the case of studio signals, having a bandwidth of 9 to 11 MHz, new or updated equipment
might be required. A number of alternatives are possible and should be the subject of joint studies with the
CMTT. It should be noted, however, that these video signals will have close compatibility with the
4:2:2 digital standard and hence any digital transmission systems (and associated bit-rate reduction)
installed for such digital video signals will be suitable also for analogue component signals converted into
the 4 :2:2 digital form. In the case of analogue transmission facilities, the best arrangement is not yet
clear. (See Question 24/CMTT.)

In Italy, an investigation has been carried out by RAI [CCIR, 1982-86e] with the purpose of
assessing the possibility of transmitting television signals, having a baseband bandwidth greater than
conventional systems in the network of contribution links with a channel spacing according to Recommen-
dation 382. The preliminary results show the possibility of exploiting the network with signals having a
bandwidth of up to 10 MHz. A foreseen application consists of the use of time-compressed and
multiplexed analogue components for the contributions from one studio centre to another; the actual
bandwidth of the luminance and of the two simultaneous colour-difference components is close to that of
Recommendation 601.

In the case of lower quality signals (§4.2.4), a transmission channel bandwidth of perhaps 5 or
6 MHz will suffice, making it possible to use existing facilities, established for composite signals. as long
as the specified waveform maintains adequate clamping.

The study related in {CCIR, 1986-90c], carried out in France on the .
transmission of electronic news .gathering signals over transmission media in
service, as well as the objective and subjective simulation trials conducted
have shown that the most suitable signals for this purpose are MAC 3-1-0 and
MAC 4-2-0 type signals. A preference emerges for the MAC 4-2-0 signal, which
would be capable of exploiting any improvement in the quality of the original
signals and will benefit from the industrial spin-off from the MAC systems
developed for direct satellite broadcasting.

Furthermore, for reasons of compatibility with existing transmission
networks, particularly from the point of view of the alignment and network
surveillance systems, it is preferable to retain the same or extremely similar
line and field blanking signals as those applied for composite signals.

[CCIR, 1986-90d] reports on simulated and full-scale tests ma?e Yith a
MAC 4:2:0 encoded signal, known as T-MAC, showing its value for transmitting
enhanced quality television signals over existing networks (see also CCIR

Report 1096).

[Dalton and Malcher, 1988] describe the development of a MAC 4:1:1
system for ENG applications using existing narrow-band 5 MHz links.
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[CCIR, 1982-86f) gives an overview of objective measurement methods for analogue component
transmission systems and notes that the methods of measurement in Recommendation 567 supplemented
by the response to a T sine-squared pulse may be suitable, provided that the Tand 27 pulse widths are
appropriately chosen for the channel bandwidths. The correlation between these objective parameters and
subjective quality, however, remains to be confirmed.

A test signal for routine measurements of the T-pulse response which may be useful for analogue
component systems is described in [CCIR. 1982-86g].

4.2.3 Emission

4.2.3.1 Satellite broadcasting in analogue component

The emission aspects of analogue component signals in the brouadcasting-satellite service are
discussed in Report 1074,

The use of time-multiplexed analogue components was initially proposed in the United Kingdom
[Lucas and Windram. 1981] for new broadcasting-satellite servicas in that country.

The substantial improvements achievable from the transmission of time-multiplexed anajogue
components combined with postiiitering at the display were demonstrated widely in 1982 by the Inde-
pendent Broadcastine Authority.

4.2.3.2 Terrestrial broadcasting in analogue component

Studies made in France and described in [CCIR, 1986-90e], have
demonstratad that the D2-MAC/packet standard is compatible with vestigial
sideband AM transmission in an § MHz channel. MAC picturs band reductgon to
6 MHr <till provides 4.5 quality (at an observation distance of 6H),

A system achieving a substantial improvement of MAC/packet signal
reception in the presence of echoes is described in [CCIR, 1986-90f]. This
system uses adaptive equalization and Viterbi decoding of the data burst.

.

4.2.4  Lower quality applications

When portability concerns are paramount, or the use of a narrower bandwidth recorder or
emission channel is important, then a signal based on line-sequential transmission of colour difference
signals may be adequate, in spite of the resolution loss and vertical colour aliasing introduced
[CCIR, 1982-86h].Work in [CCIR, 1982-86a; Schachlbauer, 1983} indicates that a quality level consider-
ably better than that of composite signals can be obtained in this way using equivalent channels.

Luminance bandwidths of about 4 MHz and colour difference signal bandwidths of about 2 MHz
are achievable in a 6 MHz channel bandwidth. Commercial equipment employing two recording channels
is available with similar performance.

Report 803, Annex 1, describes an interface for equipment interconnection of an electronic news-
gathering system. The more general—— - application of this interface is
discussed in § 4.2.1.1. This system illustrates the evolutionary tendency in production systems
and provides considerably improved ENG quality.

‘Experiments related in [GCIR, 19Y86-90g] have shown that electronic
ictures are very sensitive to coding methods involving low-pass filtering and
subsampling of the 4:2:2 digital representation of these pictures. Consequently
bit rate. reduction methods using systematic low pass filtering and subsampiing
should be avoided when transmitting these pictures.
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5. Display enhancement

The availability of low-cost field stores in domestic receivers permits
separation of the display scanning parameters from those of the emission
standard. Cross-colour and cross-luminance in composite systems can be
significantly reduced by luminance/chrominance separation filters using frame
stores. An increase in the field frequency can eliminate large area flicker. An
increase in the number of lines and the use of sequential scanning can
significantly reduce the interline flicker and the line crawl that occur in
conventional television systems.

Methods for achieving some of these improvements are discussed in [Wendland, 1979, 1982; Jackson and
Tan, 1981; Lucas and Windram, 1981; Sandbank and Moffat, 1983; Schonfelder, 1983].

In Japan, a scan-conversion system using a motion-adaptive spatio-temporal interpolation filter with
receiver frame memory has been developed [Nishizawa and Tanaka, 1982; CCIR, 1982-86i] to reduce interlaced
line-scanning impairments. It improves picture quality for both still' and moving pictures.
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The major links in the television chain (production, distribution, display) may be specified using different
but related standards. Table I identifies in its “boxes™ the basic elements of present and possible future television
systems. The boxes of the same line correspond to standards of different quality levels. Conversion between
production standards is envisaged according to operational requirements. Television services use different paths
going from production to display; paths in the vertical direction represent the most straight forward way of
implementing one service, nevertheless, oblique paths are usable if required. As an example, a signal produced in
analogue components (box 2) may feed a composite signal distribution network (box 5) and decoded for display
in a conventional form (box 9). On the other side the same production signal may feed a multiplexed-analogue-
components signal distribution network (box 6) and could in turn feed either a conventional RGB display (box 10)
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APPENDIX 1

or an improved display using scanning up-conversion (box 11).

TABLE | — A tentative classification of TV standards:
arrows indicate the main paiths of interest

Field of application of
baseband standards

Systems based on conventional scanning
structures (625/50 or 525/60 2 : | interlaced,

4:3 aspect ratio)

Wider aspect ratio systems

Production of
television programmes

]

PAL/SECAM/NTSC
(Rep. 624) - ’

t

-~

Analogue Y, R-Y, B-Y
components

(Rep. 1077) Digital Y,
Cg, Cs, components
(Rec. 601)

2

625/50 and 525/60
related

wider aspect
‘ratio
television

(Report. 1220)

/ |

HDTY production
(Rep. 801)

f i

'

\

Wider aspect rat io

B e e

(Report 1220)

Distribution of PAL/SECAM/NTSC Time-compressed and HDTYV distribution
television progra;nmcs (Rep. 624) multiplexed analogue television distribution
(transmission an . Y, R-Y, B-Y
emission) components (MAC) (Report .1220)
(Reps. 1073, 1074,
1077)
5 6 7 8
Display of broadcast R, G, B components R. G. B components Up-converted R, G, 8 | HDTV R G, B
programmes (decoded from (derived from Y, R-Y, | components components
composite) B-Y)
9 10 11 12

41



a2 ' Rep. 1220

REPORT 1220

WIDER ASPECT RATIO TELEVISION SYSTEMS®

(Question 42/11, Study Programme 42B/11)

. (1990)
1. Introduction

Television pictures wider than the conventional 4:3 aspect ratio have
been available for many years through the medium of cinematographic film.
However, the development of high definition television with an aspect _ratio of
16:9 has increased the availability of wide aspect ratio source material and has
led to the development of wide aspect ratio television displays. There is
therefore considerable current interest in ways of using wide aspect ratio
formats for 4:3 enhanced and conventional television systems, in addition to
those of high definition described in Report 801. It is noted that many of the
enhancements described in the context of 4:3 aspect ratio systems in Report 1077
can also be applied to the wider aspect ratio systems described here.

The problems of protection ratio and radio-frequency receiver
characteristics will be studied in IWP 11/5 (see Decision 42).

The new wide screen formats may be used in several ways. For example,
the total screen may be used to combine one main 4:3 picture and several smaller
sub-pictures. These sub-pictures might provide a variety of other services, such
as teletext, transmitted pages of text, transmitted stills, etc.

Decision 91 and Report 1224 describe the work to be done and the main
results already reached on the matter of harmonization with other international

standardizing bodies for industrial/consumer usage applications.

2. Wide aspect ratio systems

Several wide aspect ratio systems have been described and demonstrated.

In Japan, the time compressed integration (TCI) multiplexing system has
been developed [CCIR, 1982-86a} for use in HDTV broadcasting by satellite, but
the concept is also applicable to wide aspect ratio systems [Rhodes, 1982].

In the Netherlands and the United Kingdom, the concept of time-
multiplexed analogue components has been extended and applied to the vertical or
horizontal dimension so that wider aspect ratios are more readily obtained
[Long, 1983; Windram et al., 1983; CCIR, 1982-86b].

* The Director, CCIR is requested to bring this Report to the attention of the
IEC.
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At the International Television Symposium at Montreux in 1983,
Philips N.V. demonstrated the feasibility of a 5 : 3 aspect ratio in a system
with line-multiplexed (vertical) luminance and colour-difference components.

In the United Kingdom, the IBA has developed a system based on the
625-1line C-MAC/packet coding scheme for the single-channel transmission of wide
aspect ratio television, and also for BSS in the 12 GHz band [Windram et al.,
1983]. This system is called enhanced C-MAC.

In [CCIR, 1982-86c¢] it is claimed that it is possible that the enhanced
C-MAC system transmission system for a higher line-rate HDTV production standard
based on a 50 Hz field rate. (For example, the enhanced C-MAC transmission
format could interface readily with a 625-1ine non-interlaced source.) It is
also claimed that an enhanced transmission system could then equally be seen as
an HDTV-transmission system using vertical sub-sampling.

It has been suggested that, within the existing WARC-1977 .planning
constraints, the compressed video bandwidth for C, D and D2-MAC could be
inereased from about 9 MHz to about 12 MHz (CCIR Report 1074, section 3.6.1).
This increase could be used to provide 33% more resolution for a conventional
4:3 aspect ratio MAC signal. Alternatively it could provide for an increase in
aspect ratio from 4:3 to 16:9 whilst retaining the same resolution as for
conventional MAC transmissions. The latter is a form of wide aspect ratio MAC
which has been suggested as a step along an evolutionary path leading from
conventional MAC through to high definition MAC (HD-MAC). The use of a
non-linear pre-and de-emphasis characteristic with this system enables the
signal-to-noise degradation caused by the additional bandwidth needed by this
arrangement to be fully compensated in the region near FM threshold [Windram and
Drury, 1988}.

In Japan, the study of a second generation NTSC-compatible enhanced
television system, known as EDTV-2, began in August 1989. The target features of
the EDTV-2 system [Kawauchi, 1989] are wider aspect ratio, increased horizontal
and vertical picture resolution and higher fidelity PCM sound.

In the Federal Republic of Germany an enhanced PAL-compatible system,
featuring 16:9 aspect ratio on new wide-screen receivers is being investigated
[Ziemer and Matzel, 1989a,b]. On conventional 4:3 displays compatibility is
achieved by presenting the 16:9 material in a "letterbox" configuration. The
system further employs means to provide an increased horizontal luminance
resolution with reduced cross-effects (Q-PAL [Silverberg, 1989] or I-PAL M
[Holoch et al., 1985]), in order to cope with the requirements of increased
detail reproduction in wide-screen pictures.

[Tichit and Tonge, 1989] describe joint experiments in France and the
United Kingdom of a system using progressive scanning at source and display,
with synthesized interlaced scanning for studio processes and transmission. A
16:9 aspect ratio system has been implemented using existing studio component
equipment. It can be delivered to the home using MAC signals and provides a
displayed image of substantially enhanced resolution.

Sources delivering progressive scanned signals with bandwidths in
excess of 15 MHz have been used, sub-sampled with a field quincunx pattern in
order to reach a data rate of 216 Mbit/s, recordable on unmodified Dl video tape
recorders. It is noted that signals resulting from tapes recorded using this
technique cannot be directly intermixed with conventional 4:3 recordings.
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Up-conversion from the received signal to progressive display is
provided by motion adaptive signal interpolation. Alternatively, MAC
transmission enables compatible reception of wide aspect ratio signals on 4: 3
MAC receivers.

3. Multiple picture display applications

New wide aspect ratio television sets for domestic use were
demonstrated during the IFA 89 exhibition [CCIR, 1986-90]. The equipment uses a
16:9 aspect ratio high definition screen to display a range of either high
definition signals directly or conventionally scanned 16:9 signals by up-
conversion. The display operates with a horizontal scanning frequency of
31.25 kHz. Format control is possible so that, for example, a 4:3 aspect ratio
signal can be displayed so as to fill the picture height. The remaining part of
the display can then be used for other purposes, such as the display of one
animated compressed picture and two still pictures. In this way, the wide
screen format can be used to give multiple picture-in-picture dlsplays in a
domestic receiver (see Report 1225).

The requirements of additional reception circuitry for the simultaneous
display of multiple programme channels as sub-pictures in a wide aspect ratio
display are to be studied by IWP 11/5. The general principles concerning such
applications, which include teletext and teletext-like presentations are already
embodied in the terms of reference of JIWP 10-11/5. JIWP 10-11/6 will be
examining the quality assessment of wide aspect ratio systems including the
issue of sub-pictures or picture windows which are inset or adjacent to the main
picture (see Rec. 500, -Rec. 710 . and Report 1216).

In Japan, [Ogino et _al., 1989 and Achiha et al., 1983] a multi-scan
high definition 16:9 projection display has been developed to display HDTV,
conventional television and other signals, such as the output of personal
computers. A range of vertical scanning frequencies from 40 Hz to 120 Hz is
provided. Horizontal scanning frequencies from 15 kHz to 70 kHz are possible.
NTSC signals are displayed using a high resolution scan converter, which doubles
the number of NTSC scanning lines through motion-adaptive frame combing. A
personal computer output can be superimposed onto the double-scanned NTSC
signal, thus widening the applications of the display.
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COLORIMETRIC STANDARDS IN COLOUR TELEVISION

(Question 1/11)
: (1970-1974)

1. In 1953, when the NTSC colour television system was adopted for transmission in the United States of
America, the colorimetry of the system was based on three specific primary colours and a reference white. The
coordinates of the primaries were: *

Red: x = 0.67 y =033
Green: x = 0.21 y=07
Blue: x = 0.14 y = 0.08
The reference white chosen was standard
White C: x = 0.310 y = 0316
2. When the PAL and SECAM systems were first designed, they were based upon the colorimetric standards

of NTSC. As a result, the coefficients used for determining the signals involved in coding PAL and SECAM (the
luminance signal and the colour-difference signals) were directly based upon the chromaticities given in § 1.

3. However, it has been recognized that there have been continuing changes in the chromaticities of the
phosphors used in making colour picture tubes over the years, and that those actually used do not have the same
primary chromaticities as those which served to establish the coding of systems. Nevertheless, in all systems the
coefficients used for determining the signals involved in coding (the luminance signal and the colour-difference
signals) are directly based upon the chromaticities and white point given in § 1.

4. Several solutions have been proposed or implemented, in different countries, for compensating or
correcting the effect upon colour reproduction of this difference between the receiver characteristics and the
standards given in § 1.

s. The United States of America continues to base the cclorimetry of its transmissions upon NTSC primaries
whose chromaticities and white point are defined in § 1. Studio monitors are adjusted to a reference whitc of Ds;s.
However, because picture tubes do not yet contain phosphors whose chromaticities are the same (or very nearly
the same) as those defined in § 1, approximate corrections, involving operations upon the electrical signals, are
made in receivers in order to achieve satisfactory colour reproduction. Further, to achieve greater consistency in
colour transmissions, the United States of America recommends that the picture monitors used in studios should
also contain correction circuits which cause the colour reproduction to approximate to that which would have
been obtained if the picture tubes used in the monitors had contained phosphors with the primary chromaticities
shown in § 1.

6. In Japan, the colorimetry of the system is based upon the primary chromaticities and white point given in
§ 1. Studio monitors are adjusted to a white point of D, 9300 K.

7. In the 625-line PAL and SECAM systems, the colorimetry is now based upon the three specific primary
colours: **

Red: x = 0.64 y =033

Green: x =029 y = 0.60

Blue: x = 0.15 y = 0.06

and reference white Dg,*".

These chromaticities are closely representative of the phosphors incorporated in the picture tubes of many
of the receivers and studio monitors used in those countries that have adopted the 625-line PAL and SECAM
systems. Thus, in such receivers and monitors, no electrical corrections are required in order to achieve good
colour reproduction. Further, in order to improve the consistency of colour reproduction, when the television
receiver is switched from one programme to another, it has been suggested that the chromaticities of the
phosphors used in studio monitors should be standardized. The assessment is based upon a method of tolerance
which takes account of both the primary chromaticities of the tube phosphors and the effect of their combined
chromaticities upon the reproduction of a typical skin tone.

The coordinates are given in the CIE system (1931).

Th.es.e coordinates are given in the CIE system (1931). For 625-line SECAM systems, it is provisionally permitted (for
existing equipment), to use the chromaticity coordinates and reference white given in § 1.
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REPORT 801-4

THE PRESENT STATE OF HIGH-DEFINITION TELEVISION
(Question 27/11, Study Programmes 27A/11 and 27B/11y . -

(1974-1978-1982-1986-1990)
PART 1 - INTRODUCTION

Television is one of the most widely available means of communication.
Large screen, high-definition television is the target for the next step in
television, and may bring about a new standard system which will be common
throughout the world. It will perform the same function better and will also
provide a powerful tool for other uses. These will include film production for
the cinema and for television, printing, medical applications and scientific
work. :

The move to HDTV production offers new opportunities to simplify
programme exchange and to bring together the production of programmes for
television and for the cinema. A single standard would be beneficial to
producers, as well as broadcasting organizations.

Figure 1, which is based on a suggestion by Prof. Krivocheev, is a
simplified schematic of the expected future enviromment for HDTV, as it relates
to broadcasting. The central element is the HDTV production centre, whose
activities in programme production and programme exchange will be similar to
those of today’s production centre. While most of these activities will be in
high definition, provision must be made to work with a number of other
contribution formats, such as current 525- or 625-line television in analogue or
digital forms, film, etc. The introduction of high-definition television offers
a new opportunity to simplify the exchanges of both recorded and live programme
material.

A feature of HDIV production is the capability to produce films
suitable for projection in the cinema. Thus a high-quality video-to-film
transfer process will be particularly important for the production centre.

HDTV signals from the production centre will pass to the delivery
network at the broadcast distribution interface. Delivery to the viewer may use
one of a number of possible methods including terrestrial broadcasting (e.g.,
VHF or UHF), satellites, cables (e.g., coaxial or fibre - optical fibres are
considered to be one of the most promising transmission media for wideband HDTV)
or pre-recorded media (e.g., cassettes or disks). Each has particular
characteristics and, as a consequence, the HDTV signal must be converted into a
form appropriate for each delivery method. This will be accomplished in an
encoder or converter between the HDTV signal at the broadcast interface and the
delivery interface.
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The definition of the potential broadcaster distribution and broadcast

-interface, as shown in Figure 1 together with the possibility of other

interfaces yet to be described, provides opportunities to have different values
for some parameters in different parts of the "global" HDTV system. Inclusion of
frame memories in these interfaces can provide a more flexible future
environment for HDTV, but the implications of this assumption need to be studied
carefully [CCIR, 1986-90a].

The viewer’'s choice of delivery method may have some impact on the
level of enhanced TV or HDTV service that he receives. The levels may include
full-bandwidth HDTV, bandwidth-reduced HDTV, or enhanced 525- or 625-line
television. (See also Report 1232) ‘

The HDIV receiver in the home must be able to display the enhanced TV
or HDTV services and it would be advantageous if it could also display other
services such as 525- or 625-1line television. Such a receiver would include the
necessary signal processing to reconstruct, as accurately as possible, the image
presented at the broadcast distribution interface. This processing-may also
include display up-conversion, noise filtering, etc. Depending on the
broadcasting strategy adopted, 525- or 625-line home receivers may be able to
derive a usable signal from the enhanced TV or HDIV service.

For operational considerations and from experience, it is clearly
1mportant that the interrelationships between each part of the HDTV network
(from production, through contribution and distribution to emission) are taken
into account in an overall evaluation of the complete HDTV system. Furthermore,
it is necessary to form a view of how the new HDTV system would be implemented.
This should bear in mind already existing arrangements for conventional
television, and the operational and economic benefits/penalties that might arise
under differing assumptions regarding studio, transmission emission standards
and’ the distribution methods available.

Finally, the technology required for the complex signal processing
involved in. the broadcasting chain is keeping pace with the development of HDTV
and benefits from its synergism with the technologies of data processing and of
telecommunications. The evolution of suitable display devices for the home
receiver still requires considerable effort.

" At present, the first results on studies related to Study Pro-
gramme 18U/11 have been collected [CCIR, 1986-90b]. It must be recognized that
these studies must be intensified in close cooperation with such organizations
as the IEC and ISO to take fully into account the requirements for
implementation of HDTV for media other than broadcasting, i.e. cinema, printing,
medical applications, scientific work and videoconferencing.

In addition, the transmission of HDTV signals via new digital
transmission channels or networks has to be considered and taken into account,
for instance, as defined in CCITT Recommendation I.121 "Broadband aspects of
ISDN", adopted by the IXth CCITT Plenary Assembly at the end of 1988. For such
new networks, the definition of new services, including those related to HDTV,
have to be defined as expressed in a liaison statement [CCIR, 1986-90c] from
CCITT Study Group I to CCIR Study Group 1l1.
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Further progress in these studies may help the CCIR to complete the
task of defining a full set of parameters of a single world-wide HDTV production
standard.

This Report summarizes results of studies and experiments obtained in
the world in technical developments under Question 27/11. See also Report 630
for video recording, and Report 1075 for satellite broadcasting.

Report 1218 —-— on objective measurements, Report 1216
on subjective assessment, Report 1217 on future developments of HDTV
and Report 1232, ———— on the release of programmes in a multi-media
environment are also relevant.

REFERENCES TO PART 1

CCIR Documents

[1986-90): a. IWP 11/6-3035 (Australia); b. 11/336 (JIWP 10-11/4);
c. 11/394 (CCITT).
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PART 2 - CCIR ACTIVITIES

The study of HDTV has been a concern in the CCIR for some years, with
initial work on the basic principles of HDTV displays done during the 1974-1978
study period. The pace of the work has increased rapidly since that time and the
study of all aspects of HDTV - from the camera, through recording, production,
and emission, to the display - has been a serious and urgent concern. Work in
the CCIR on HDTV has centred on Study Group 11, but recording and satellite
emission studies are performed jointly with Study Group 10 in Joint Working
Groups 10-11/R and 10-11/S, respectively. Transmission is studied in the CMIT.

The structures under which the work has been done, together with an
indication of progress in the work, are briefly summarized as follows:

1. Early progress (1974-1986)

Work in the CCIR on HDPTV began with adoption of Question 27/11 on high
definition television.

Following adoption of Question 27/11, a number of Questions, Study
Programmes, Resolutions and Decisions were adopted and/or modified to recognize,
and to promote appropriate consideration of, HDTV.

In Study Group 11, two Study Programmes were created in response to
Question 27/11: 27A/11, which concerns the compatibility of HDTV with existing
standards and broadcast channel assignments, and 27B/11, which concerns display
technologies for HDTV.

During the period 1974-1986, Questions 1/11 on colour television
standards and 2/11 on the exchange of television programmes were modified to
consider HDTV. Study Programmes 2B/11 on conversion among scanning standards,
and 3A/11 on subjective quality assessments also took note of HDIV.

In addition, Study Group 11 adopted Decision 58, which established
IWP 11/6 to study HDTV and made provision for HDTV in Decisions 60 (IWP 11/7 on
digital television) and 66 (IWP 11/4 on subjective assessments), and in
conjunction with Study Group 10, Decision 59 on video recording. The XVIth
Plenary Assembly adopted Resolution 96, which anticipated the need for an
Extraordinary Meeting on HDTV during the latter part of the 1986-1990 study
period.

In conjunction with Study Group 10, Study Group 11 adopted two Study
Programmes on HDTV recording, 18S/11 (Recording of HDTV programmes) and 18T/11
(Recording of HDTV on film). Furthermore, the Study Groups modified
Questions 2/10 and 11 (System characteristics for satellite service) and created
or modified Study Programmes 1E/10 and 11 (Sharing studies), 2F/10 and 11
(Satellite television standards), 2M/10 and 11 (Satellite broadcasting of HDTV
and 2N/10 and 11 (Integrated services) to take account of the need for studies
in HDTV. In addition, the Study Groups prepared Decision 51 (JIWP 10-11/3,
Satellite broadcasting of HDTV) to stimulate studies on satellite broadcasting
of HDTV.
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2. Progress since 1986

Prior to the 1987 Interim Meetings, considerable work was done in Study
Group 11 on HDTV, particularly in IWP 11/6. Moreover, at the Interim Meetings,
the Chairman of Study Group 11 initiated a review of Questions, Study
Programmes, and Decisions in order to stimulate and coordinate work in HDTV. As
a result, Study Programmes 25H/11 (Filtering and sampling in digital encoding),
25M/11 (Measurement and monitoring) and 25J/11 (now AL/11l, Bit rate reduction in
digital coding) were modified to consider aspects of HDTV. Furthermore, two new -
draft Study Programmes were adopted to include aspects of HDTV: 25N/11 on
interfaces for digital signals and 3E/11l on subjective assessment of HDTV. The
Study Group also adopted Decision 74 which called for the Extraordinary Meeting
on HDTV and modified Decisions 42 (IWP 11/5, Protection ratios), 58 (IWP 11/6,
HDTV standards), 60 (IWP 11/7, Digital television) and 66 (JIWP 11/4, Subjective
assessment) to permit additional work and coordination of activities.

: At the Interim Meeting, Study Group 11 retained Report 801-2 (The
present state of high definition television) which had been prepared in the
previous study period. It also prepared four new Reports on aspects of HDTV:
AW/11*(Approaches to a unified world-wide digital HDTV studio standard), AZ/11*
(A progress report on high definition television), AU/11*(A global approach to
HDTV systems) and 1216 (The subjective assessment of high definition television
pictures). JWG 10-11/S updated Report 1075 (High definition television by
satellite). JWG 10-11/R adopted Report 122%° (Recording of HDTV programmes on
c1nematograph1c film). k

In conjunction with Study Group 10, Study Group 11 further modified
Study Programme 18T/11 (Recording of HDIV on film) to take account of the need
for international exchanges and prepared new Study Programme 18U/11 (Transfer of
HDTV programmes to non-broadcast consumer media) to take account of
non-broadcast uses. Furthermore, the Study Groups amended Decision 51
(JIWP 10-11/3, Satellite broadcastlng of high-definition television (HDTV)
signals and accommodation of several audio and/or data signals and/or picture
signals in terrestrial and satellite broadcasting channels) to take further
account of the need for greater study and coordination in HDTV. JIWP 10-11/5, in
the context of Decision 72, presented contributions on data broadcasting in an
HDTV environment.

At the Extraordinary Meeting, Study Group 11 reviewed existing
Questions, Study Programmes and Decisions with a view to further responding to
its responsibilities in HDTV. The specifics of the Study Group's progress at the
Extraordinary Meeting are given in the remainder of this document.

* These texts were cancelled by Study Group 11 at its Extraordinary Meeting on
High-Definition Television, Geneva, 1989.



Rep. 801-4

PART 3 - GENERAL CONSIDERATIONS OF HDTV SYSTEMS
1. Definition of high-definition television

A high-definition system is a system designed to allow viewing at about
three times the picture height, such that the system is virtually, or nearly,
transparent to the quality of portrayal that would have been perceived in the
original scene or performance by a discerning viewer with normal visual acuity.
Such factors include improved motion portrayal and improved perception of depth.

This generally implies in comparison with conventional television
systems:

- spatial resolution in the vertical and horizontal directions of about
twice that available with Recommendation 601;

- any worthwhile improvements in temporal resolutlon beyond that
achievable with Recommendation 601;

- improved colour rendition;
- a wider aspect ratio; and
- multi-channel high fidelity sound.
Note. - Sound systems for HDTV are the subject of Question 47/10.
2. Media outlets to be supplied by HDTV

HDTV production will be used to provide source signals for a variety of
media outlets. These could include the following possibilities:

- BSS in the bands above 12 GHz;

- services in one or more WARC BS-77 channels;

- services in one or more RARC BS-83 channels;

- motion picture origination;

- electronic displays in theatres;

- terrestrial broadcast services or cable networks; and
- domestic tape or disc systems.

A single standard could be beneficial to programme producers as well as
broadcasting organizations and viewers.

This Report summarizes results of studies and experiments obtained in
the world in technical developments under Question 27/11. See also Report 630
for video recording, and Report 1075 for satellite broadcasting.
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3. Picture presentation objectives
3.1 Preferred angle of view

When observers are closer to pictures, the area occupied by the
pictures in their viewing field increases, and this gives observers an increased
feeling of involvement in the space created by pictures. This increased
sensation of reality becomes apparent when the viewing angle exceeds 20° [CCIR,
1982-86a].

3.2 Viewing distance

Experiments using still-picture slides show that viewing distances of
2H to 3H (H stands for the picture height) are preferred. This corresponds
to a viewing angle of 40° to 30°. When pictures are moving, however, the
preferred viewing distance is closer to 3H, because of the additional factor
of dizziness.

If the viewing distance is too small, observers experience eye fatigue
after a certain time. It is therefore desirable to limit the minimum viewing
distance to 2 m [CCIR, 1982-86a].

3.3 Display size

From subjective assessments on the sensation of reality with different
sizes of picture and with various viewing angles, it seems that larger size
pictures generate a larger sensation of reality for a constant viewing angle and
a picture area of more than 0.8 m? can be considered appropriate for HDTV
[CCIR, 1982-86a].
3.4 Contrast and brightness

From various experiments on television picture display, it is
considered appropriate to take 50:1 as the minimum contrast ratio for HDTV.

Taking account of the effect of ambient illumination on the screen, a
peak picture brightness of 150-250 cd/m2 can be considered appropriate as the
brightness for HDTV [CCIR, 1982-86a, b].

4. Fundamental considerations on basic parameters

4.1 Definition of terms

To clarify CCIR texts concerning HDTV the following definitions will be
used in this report:

A sample is the value of an image at a defined point in horizontal,
vertical and temporal space.

A square sample distribution results when the sampling points are
equispaced on an orthogonal horizontal-vertical lattice on a time-discrete image
plane, assumed to be vertical for the purpose of this definition.

Pixel is the abbreviation of "picture element". It is the smallest area
of the optical image that can be faithfully reproduced.

A square pixel has equal size in the horizontal and vertical
directions.
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4.2 Aspect ratio

Wider aspect ratios increase the observers involvement in the pictures.
Various psychophysical experiments have shown that, depending upon the size of
the picture, a wider aspect ratio ranging from 5:3 (1.67:1) to 2:1 would be
attractive for HDTV. Experimental equipment has been made with an aspect ratio
of 5:3 [CCIR, 1982-86a].

Further studies by one administration have shown that by increasing the
aspect ratio to 16:9 (5.33:3, 1.78:1) and using the traditional movie industry
technique of "shoot-and-protect" (centering the action in the smallest common
area), compatibility can be achieved with most current movie film of aspect
ratios ranging from 4:3 (1.33:1) to 2.35:1 [CCIR, 1982-86c].

4.3 Horizontal sampling

The definition of HDTIV given in § 1 of this Part defines the horizontal
resolution for HDTV as being twice that of current conventional television
systems. Recommendation 601 defines a sampling system for the current 625/50 and
525/60 television standards as requiring 720/360 samples (luminance
signal/colour difference signal) for the digital active line period. To achieve
twice the resolution would require 1440/720 samples per digital active line
period for a picture with the same aspect ratio.

For the wider aspect ratio being discussed for HDTV, the number of
samples per digital active line period must be increased by the ratio of the new
aspect ratio to the current 4:3 aspect ratio. For example, in the case of an
aspect ratio of 16:9, the corresponding number of samples per digital active
line period would be 1920/960.

The total number of samples per line would include the number of
samples required for the line-blanking period. Although the need for line-
blanking period can be eliminated by the use of appropriate stores, there are
practical limitations in electron-beam cameras and in display devices which make
a line-blanking period essential in the short term [CCIR, 1982-86b].

4.4 Vertical sampling (number of active lines per frame)

Various studies, relating visual acuity to static vertical resolution
and the viewing distance, have shown that the static vertical resolution, as
viewed on a television monitor, is affected by the scanning method (interlace or
sequential), the frame/field rate and the persistence of the display device.

In an experiment using a monochrome system with a 69 cm (27 in) high-
resolution cathode-ray tube display, sharpness improvement by increasing the
number of lines began to saturate at about 1500 lines with 2:1 interlace for a
viewing distance of 3H [CCIR, 1978-82a], and with 2125 lines, sufficient
sharpness was obtained at a viewing distance of 2H [CCIR, 1974-78].

For a television picture with 2:1 interlace and a viewing distance of
three times picture height, at least 1000 active lines are required to achieve
twice the vertical resolution of current television systems [CCIR, 1982-86b].

It has been shown in recent studies that with more than 1000 active
lines, the resolution would compare favourably with that of 35 mm film
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theatrical presentation, which has historically been perceived as the high
quality presentation format [Hayashi, 1981; Kaiser et al., 1985].

If the number of active lines is greater than 1024, an additional bit
is required in the address circuit of picture processing equipment
[CCIR, 1978-82b].

4.5 Temporal sampling (field frequency)

There are two distinct issues associated with this topic. The first is
dynamic resolution which refers to the spatial resolution for images which move.
The second is repetition rate which is determined by the criterion of smooth
motion portrayal.

The dynamic resolution is determined by the integration time of the
photo-sensitive material used in the camera and the temporal sampling rate
determined by the field frequency [CCIR, 1982-86b].

Tests by the BBC using unshuttered camera pictures sequentially scanned
and displayed at 50, 60, 70 and 80 Hz frame-rates have demonstrated a
progressive improvement in quality on moving picture detail as the field-rate is
increased. On a five-point quality scale, picture quality at 80 Hz was judged to
be two grades better than at 50 Hz and one grade better than at 60 Hz for
representative rates of continuous motion [Childs and Tanton, 1985;
CCIR, 1982-86d].

Dynamic resolution can also be improved by reducing integration time by
shuttering. Experiments carried out with 60 Hz cameras have shown that the
integration time can be reduced by 25% without impairing motion portrayal and
with corresponding improvement in dynamic resolution. Similar improvements to
signals from shuttered 50 Hz cameras have been reported [Stone, 1986]. Camera
sensitivity and temporal aliasing penalties should be studied further
[CCIR, 1982-86b, 1986-90a].

Document [CCIR, 1986-90b] refers to initial studies conducted in Canada
to determine temporal sampling rate requirements that indicate that the sampling
rate required for tracked motion remains almost constant at about 70 Hz, where
as for non-tracked motion the sampling rate requirements increase rapidly with
the velocity of the moving object [CCIR, 1986-90c].

The field and frame frequency of the television signal also determines,
in a simple system, the refresh rate of the display. It influences the
perception of large area flicker [CCIR, 1982-86e]. It is, however, not essential
that the display refresh rate be the same as the studio or the emission signal
field-rates. The use of motion-compensated processing enables the emission
and/or display field-rates to be different to that of the camera [Thomas, 1987;
Fernando and Parker, 1988]. The improvements obtained from camera shuttering are
most marked when used in combination with display up-conversion. Display
up-conversion is discussed further in section 4.9 below [CCIR, 1986-90a].

4.6 Scanning structure (interlace or sequential scanning)

It has been reported that the distraction caused by scanning lines with
a 2:1 interlace is about the same as that caused by sequential scanning with 40%
fewer lines [CCIR, 1978-82a]. However, under these conditions the sequentially
scanned signal would require 20% more bandwidth.
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The interlaced scanning structure under certain conditions may
introduce a display artifact referred to as "interline twitter" and "line
crawl®; these artifacts are also related to the sources and display
characteristic as well as to the frame-rate and the number of scanning lines per
frame. It is desirable to avoid the occurrence of these artifacts. In interlaced
systems, the spatially adjacent lines are dislocated in time, thereby
introducing complexities in signal processing [CCIR, 1982-86b].

In the case of a basic interlaced studio standard, the hierarchical
progression of interlace to sequential scanning may be considered in two ways.
It may be possible to use sequential scan in parts of the studio chain or in the
display where the two-fold increase in bandwidth requirement can be
accommodated. The other use of a hierarchical approach would be to evolve from
interlace to sequential in the future as the technological constraints imposed
by doubling the bandwidth requirement become less severe [CCIR, 1982-86b].

In Document [CCIR, 1986-90d] the amount of information picked up from a
camera is calculated for interlace scan, progressive scan, and quincunx system
with the same number of lines. As a result, it is argued that the amount of
information picked up from the camera increases little in progressive scan,
slightly decreases in quincunx system, compared with the interlace scan system.
The signal-to-noise ratio of these systems is also calculated, which is 9 dB
lower for progressive scan and 3 dB lower for quincunx system than that for
interlace scan.

Document [CCIR, 1986-90d] claims further that considering the required
hardware, implementation of a progressive scan system is difficult, because the
horizontal scanning frequency and required signal bandwidth become twice that
for the interlace scan system. Especially, the construction of the diagonal
filter necessary for quincunx system is difficult in its hardware scale and
operating frequency.

Document [CCIR, 1986-90e] reports the results of experiments E

made on interlaced and progressively scanned cameras: The hori-
zontal resolution of a progressive camera is identical to that

of an interlaced one. The vertical resolution of a progressive
camera is superior to that of an interlaced one. In terms of
dynamic resolution, progressive scanning provides better separa-
tion between spatial and temporal informations than does interlaced
at twice the field rate, Document [CCIR, 1986-90e] asserts

that because weighting filters and measurement methods have yet

to be defined, direct comparisons of unweighted signal’to noise
ratios for both systems lead to unrealistic conclusions. In the
same manner, the quantity of information picked up in both systems
needs a more accurate definition in order to provide an objective
basis for comparison. .

The Document [CCIR, 1986-90e] also reports the successful

implementation of a diagonal filter using present technology.

It also argues that harduare related soclutions for HOP/HDQ (see .
Part 5, Section 2.2.1) sources and processing, being very dependent
on the amount of initial investment by the manufacturer, do not
result in objective arguments when comparing systems.

Document [CCIR, 1986-90f] relates the benefits that can be obtained by
using progressive scan with quincunx sampling for bandwidth reduction scheme in
HD-MAC encoding. Progressive scan allows a more reliable motion estimation and
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compensation, and also a more reliable branch switching decision. This results
in overall improvement of the picture quality delivered to the user through the
HD-MAC transmission chain. :

4.7 Colorimetric aspects

It is very important to establish an optimum colorimetric system within
the HDTV system in order to provide high colour fidelity. Compatibility with
existing conventional systems may be regarded as a second priority.

Discussions on the colorimetric aspects can be found in [CCIR, 1982-86b
and f; Powell, 1985]. The following are the main issues considered:

4.7.1 Choice of primary colours

Sets of primary colours have been proposed which include XYZ primaries{
the present EBU phosphors and the present NTSC phosphors.

It was suggested that the colour primaries selected should be widely
separated so as to reproduce the widest possible range of colours, yet not so
widely separated that they cannot be realized by available phosphors with
sufficiently good conversion efficiency.

Further study is needed, preferably in association with manufacturers
of picture tubes, to establish whether more recently developed phosphors can
provide a better set of primaries, and if so, whether they would be sufficiently
different from one of the two existing standards to justify change
[CCIR, 1982-86b].

Document [CCIR, 1986-90g] reports the studies by an expert group of
Interim Working Party 11/6 on the choice of a set of reference primaries.

4.7.2 System reference white

There seems to be general agreement to adopt illuminant D65 for the
reference white of the HDTV system. An adaptively switched white balance has
also been proposed [CCIR, 1982-86b].

4.8 Opto-electronic transfer characteristic

There is a reported convergence of studies about the optimum transfer
characteristic regarding quantization and noise susceptibility; the ideal law
should be logarithmic. But a main aspect of this transfer characteristic is also
the available dynamic range. The currently recommended law, which is a power law
at higher values of luminance and changes over tangentially to a linear law at
low luminance levels, has the advantage of pre-correcting the present CRT
display transfer characteristic. A dynamic range of about 55:1 is accurately
(following the power law) reproduced [CCIR, 1986-90h,i].

In order to fulfill the constant luminance principle, a system having
gamma correction only at the receiver has been considered in contrast to the
current television system where gamma precorrection is applied before luminance
and colour-difference signal matrixing [CCIR, 1982-86b]. When displays other
than CRT are used, or inter-system conversion is required, the required
additional corrections add further distortions [CCIR, 1982-86f].
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In the new proposal, processing is carried out with signals which are
linearly proportional to the light input. However, a non-linear transmission-
reception amplitude characteristic must be introduced, otherwise dark areas of
the picture become more sensitive to transmission noise. Further discussion can
be found in [CCIR, 1982-86b; Schafer and Golz, 1984; Yuyama and Yano, 1984].

The influence of such a new concept on component signals is important
and a background of this choice is given in [Melwig and Schafer, 1988]. The
better separation, by constant luminance coding, of luminance and chrominance
signals allows an increased sharpness in colour and increased resistance to
interference on the chrominance. channel. The concept opens the doors to an
improved use of new display technologies with an enlargement of the reproducible
colours. Full derivation of the E'y signal using the "constant luminance*
principle is shown in [CCIR, 1986-90j]. The main difference, apart
from the coefficient related to two sets of primaries, is in the derivation of
the luminance signal where in one case a non-linear precorrectlon is applied
before matrixing and in the other case after.

4.9 Display flicker

Subjective tests carried out by one admlnlstratlon have shown that,
using CRT technology, for a screen brightness of 150 cd/m and a field-rate
60 Hz, large area flicker is visible but not disturbing. At a field-rate of
50 Hz and a screen brightness of 60 cd/m the flicker was judged annoying
[CCIR, 1982-86b]. Another administration carried out tests using a light source
and a variable duratlon shutter. The tests showed that large area flicker at a
brightness of 200 cd/m became imperceptible at frequenc1es greater than 80 Hz
[CCIR, 1982-86e].

New display devices under development (e.g. light valves) show display
characteristics different from those of CRT based systems and may therefore
provide improved flicker behaviour.

Using frame stores and, when necessary, interpolation electronics, the
display refresh rate can be higher than the television signal field-rate [CCIR,
1982-86b]. This allows for the possibility of removing large area flicker by
display processing, however, it is likely to impose a cost penalty, and possibly
a quality penalty [CCIR, 1982-86g].

4.10 Lighting flicker

In an environment where the shooting field-rate is not the same as the
local electrical mains frequency, beat frequency flicker can occur in certain
circumstances. This situation has long existed in Japan, and techniques used for
reducing the visibility of this flicker have been reported [CCIR, 1982-86b
and h]. This problem is probably solvable, and need not weigh heavily in the
choice of field-rate, although further work is required to confirm this [CCIR,
1982-86g].

4.11 Hum

Power-supply hum effects on vision can be removed by proper design of
equipment [CCIR, 1982-86i].

4.12 Bandwidth and noise considerations

Subjective evaluation tests regarding the required bandwidth were
carried out for the 1125-line system as a first step of the study. Values of
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20 MHz .and 7 MHz were obtained for the luminance and colour-difference signal
respectively [CCIR, 1974-78].

A noise weighting function which can be applied to systems which differ
in the number of lines and in aspect ratio has been reported, and is being used
for the calculation of transmission parameters [CCIR, 1978-82a].

5. HDTV operations including motion picture production
5.1 HDTV productions

Many documents describe or relate production experiences or commercial
productions in North America, Japan and Europe, using 1125/60/2 HDTV equipment,
in the range from sporting events to full-length features for cinematographic
distribution [CCIR, 1986-90k and 1] and more particularly, [CCIR, 1986-90m]
reports that drama programme was produced film style, in a successful manner
both technically and economically, with further satisfactory conversion into
NTSC and PAL.

[CCIR, 1986-90n] reports CBS experience with drama production on
location for release in the NTSC format. Results were also excellent on all
accounts: resulting picture quality, cost, reliability of equipment, and the
ability for film crews to conduct the field shoot.

[CCIR, 1986-900] reports that another drama entitled "long way from
home" was produced entirely by electronic means, giving to people from TV
production the occasion to learn much about, not only the special effects, but
also how to cope with HDTV including production techniques, control of
production process and artistic designs.

In [CCIR, 1986-90p], it is also reported that 1250/50/2 HDTV equipment
was used before the IBC 88 (Brighton) for programme production by the RAI, ITVA
and the BBC.

Document [CCIR, 1986-90q] reports that during IFA'89 in Berlin (West) a
series of productions were made in a fully equipped HDTV studio complemented
with four OB-vans and a post production van (1250/50/2 system).

Twenty short ten minute compilations of those and other 1250/50/2
productions were shown to the public using four rear-projection displays.

These productions covered many hours and were produced by
RAI (Italy),BBC (United Kingdom), ITVA (United Kingdom), NOB (Netherlands),
SFP (France), NDR (Germany (Federal Republic of)), ORF (Austria),
RTP (Portugal), VARA (Netherlands), RTVE (Spain), IHD (France).

A 90-min feature-length film, "Julia and Julia", produced on HDTV by
RAI was converted into a 35 mm film shown on the screen throughout the world.
In Japan, motion pictures, parts of which had been made through special effects
on HDTV and montaged onto a 35 mm film, were released for theatres under the
titles of "Saiyuki" and "Teito Monogatari", among others. HDTV was used to make
a total of 10 to 20 min of each of these movies [CCIR, 1986-90r]. -

5.2 Presentation of HDTV programme material

At a restaurant in Tokyo, a drama on 35 mm film "Teito Monogatari" was
shown through an HDTV telecine and 110-in rear-projection display. In another
instance, HDTV programmes were transmitted from Tokyo to Nagoya through a
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communication satellite using the MUSE signal and shown on large screens for a
test of programme distribution to remote theatres [CCIR, 1986-90s].

Document [CCIR, 1986-90t] describes the proceedings of the Second
Electronic Cinema Festival held in Montreux (Switzerland) in June 1989. This was
the first international event in which productions realized using HDTV
production/post-production equipment competed on the grounds of their creative
merit. The Festival was open to productions intended for release by television
or in the cinema, and falling into five programme categories: dramas,
documentaries, sports, music and advertisements. Out of 53 productions entered
in the Festival, 33 productions were selected to be reviewed by the
International Jury which conferred five Astrolabium Awards to the productions of
its choice, in various programme categories.

5.3 Non-broadcast applications

[CCIR, 1986-90r] reports on the interest of non-television broadcasting
industries in the application of high definition television technology. If the
HDTV production standards can be established to meet the needs of the varied
non-broadcast industries there can be significant benefits to all from the
resulting larger market for HDTV equipment.

Printing

One publishing company has put on sale a book consisting of images
originating on HDTV videotapes and transferred to magnetic data tapes for
printing. Pictorial postcards made in a similar way are also on the market. An
HDTV test chart for electronic publishing is also being provided.

Stereoscopic television

An experimental field sequential stereoscopic television system has
been developed in Japan utilizing HDTV equipment. Tests [Isono, 1987] showed
that the required field frequency was greater than 110 Hz for the field
sequential stereoscopic television system. A system with a field rate of 120 Hz
was demonstrated to the public with short programmes produced for this purpose
[CCIR, 1986-90u].

5.4 Cable distribution

Document [CCIR, 1986-90v] describes the current status of television
distribution in the United States of America and points out the importance of
cable distribution in the HDTV enviromment. The document reports that in the
United States of America approximately 83% of the television homes are passed by
cable lines and could receive cable feeds if desired. At present approximately
52% of these television homes subscribe to cable.

Document [CCIR, 1986-90w] describes experiences with MUSE CATV
transmission. Two different transmission experiments are described, FM
transmission and VSB-AM transmission. The FM transmission experiment was
performed with 400 MHz frequency modulation. When a two-hop microwave link was
connected in tandem with an optical fibre link and nine trunk amplifiers at the
far end, the unweighted S/N was over 50 dB and the television pictures were said
to be excellent.
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An experiment on CATV transmission with VSB-AM modulation was also
performed with no deteriorations observed either in the MUSE signal, or in the
conventional television signals.

In [CCIR, 1986-90x], it is reported that AM/VSB and FM/VSB have been
proposed for HDMAC cable distribution. AM/VSB is applied to the time multiplex
baseband signal. The use of a channel spacing of 12 MHz has been demonstrated
and is recommended as a common standard. The VSB Nyquist filtering is in the
range of = 500 kHz around the carrier and for compatible reception shall be the
same as for MAC/packet distribution. The HD-Nyquist roll-off factor and the
sharing between transmitter and receiver is under study. FM/VSB has also been
demonstrated. It requires the use of a channel spacing of 16 MHz. Modulation
parameters are under study.

6. Operational considerations and experiences

6.1 Operational consideration on standards conversion in relationship
with conventional TV and HDTV emission standards

Decision 58 requests studies that will lead to a single world standard
for the production studio and for the international exchange of HDTV programmes.
Studies have concluded that there also exists an identifiable relationship
between the parameters in § 1.1 of Part 5 and emission systems.

Only the problem of introducing a 60 Hz based HDTV studio standard into
a 50 Hz broadcasting environment was studied [CCIR, 1986-90y]. The study had the
objective of establishing whether the advantages of a common 60 Hz production
standard would outweigh any technical, economic, or operational disadvantage of
having different field-rates for production and emission.

For example, [CCIR, 1986-90z] argues that converting from 60 Hz to a
625/50 TV standard requires an expensive field rate standards converter, whereas
the use of 50 Hz HDTV needs a line rate standards converter which is 10 to 40
times less expensive.

In Document [CCIR, 1986-90z] it is stated that broadcasting at 50 f/s
of film originated material will lead to cascaded temporal interpolation (24 f/s
to 60 f/s to 50 f/s). This could result in complex and possibly costly
processing to avoid impairments.

_ This is why, over a period of several years, the EBU studied various
aspects of standards conversion (CCIR, 1986-90aa]. Initially a technical
appraisal was made which concluded that HDTV to HDTV frame rate conversion at
high quality should be possible in future, though relatively expensive, through
the use of motion estimation and compensation. This was followed by a study of
the operational and economic consequences of using the same or different field
rates for production and emission of HDIV in a 50 Hz enviromment. This concluded
that of the scenarios examined the use of a 60 Hz field rate for HDIV
production, in a 50 Hz environment, was the least favourable scenario. The
extent to which a 50 Hz - 50 Hz situation was more favourable than a
60 Hz - 60 Hz situation depended on the broadcaster’s configuration.
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Document [CCIR, 1986-90ab] reports that similar studies have been
pursued [CCIR, 1986-90p] on a simplified model of a national network and its
evolution towards DBS programme provision. Two options for the choice of HDTV
studio field rate are compared:

Option A: HDTV studio standard has the same field rate of the HDTV
emission standard (i.e., 50 Hz);

Option B: HDTV studio standard has a different field rate from the HDTV
emission standard (i.e., 60 Hz).

There were five possible standards conversions under these options.

A preliminary conclusion is that Option A is clearly more attractive
than Option B since line-rate converters are both cheaper and capable of higher
performance than field rate converters. Furthermcre, the number of converters
for category 5 is very much lower than for categories 2, 3 and 4.

“Finally, it is noted that a similar argument would apply in 60 Hz
countries, if there were a 50 Hz studio standard.

This preliminary conclusion raises the question for some
administrations as to whether the relative benefits of a pair of production
standards (based upon Recommendation 601) would exceed those of a single world-
wide production standard [CCIR, 1986-90ac].

Results available in relation to option A show that high quality line
rate conversions are feasible without the need for complex filter
implementations [CCIR, 1986-90ad]. Preliminary subjective tests to evaluate
conversions involving interpolation and decimation in conversions from 1080
lines to other line numbers show that satisfactory results can be obtained at
reasonable levels of complexity [CCIR, 1986-90ae].

6.2 Operational considerations on film-to/from-video transfers

Document [CCIR, 1986-90af] reports on studies that show that when
operated under the same conditions HDTV cameras have similar transfer
characteristics of 35 mm colour f£ilm.

Document [CCIR, 1986-90ag] reports on the work of the SMPTE in their
investigation of using 30 f/s for film production and distribution. The
conclusions of the SMPTE Study Group are that the increase in frame rate from
24 f/s to 30 f/s significantly improves the quality of the projected images by
virtue of permitting higher screen brightness without full-field flicker and by
increasing the dynamic resolution.

Document [CCIR, 1986-90ah] states that in the production of programmes
there is a trend in film production for television towards original capture at
30 f/s, so that there would be only one temporal conversion in going to a 24 f/s
or 25 f/s system.

[CCIR, 1986-90ah] points out that 63% (3640 hours) of the total hours
of programming produced in "Hollywood" are for "first run" TV distribution in
the United States of America at a field rate of 60 Hz and then are distributed
world-wide in various formats. The remaining hours of programming are for
presentation in the cinema.
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The document goes on to consider frame-rate-related performance
parameters and concludes that the 1125/60 studio systems of Annex II of
Report 801-2 (Geneva, 1986) is a superior system from the viewpoint of
conversion to other formats.

HDTV to film transfer *

[CCIR, 1986-90ai] states that the converters from 1125/60/2:1 HDTV to
24-frame film system, have been developed and are currently being used
satisfactorily. N

[CCIR, 1986-90z] states that the combination of film and HDTV-60 Hz
originated material for final release on film, will lead to the cascading of
temporal interpolations (24 f/s to 60 f/s to 24 f/s) unless special precautions
are taken to avoid impairments.

Document [CCIR, 1986-90z] also argues that the use of a 50 Hz studio
standard would ease and therefore reduce costs of this process and more
generally ease the combination of film and HDTV production. (In particular, no
artifacts caused by cascading temporal interpolation should be foreseen.)

Document [CCIR, 1986-90aj] argues that there are very clear benefits
for video-to-film transfer of originating video on a 50 Hz 1:1 HDTV standard in
terms of picture quality. Due to the possibility to reproduce at 24 pictures/s
material shot at 25 pictures/s the quality of motion portrayal of cinema films
derived from 50 Hz 1:1 HDTV will be identical to that of films shot directly at
24 fps and will be free of additional disturbing low-frequency judder
components.

Document [CCIR, 1986-90aj] argues that the 4% sound track pitch-change
which results from presenting 24 fps film at 25 fps is already widely accepted
by both broadcasters and the viewing public; it is only noticeable on certain
and infrequent types of programme material to those viewers who are professional
musicians and have perfect pitch. A comparable pitch-change will result from 24
fps presentation of film derived from 50 Hz video.

In a paper presented at the IREECON ‘89 Convention [I. Gilmour and
W. Lazar, 1989] it is reported [CCIR, 1986-90ak]:

“Timbre is easily distinguished even by the untrained ear. A 2-3% change
in pitch may not be noticed in isolation as a change of fundamental frequency
but is often felt as a "change of personality" in spoken word records, or "a new
voice or instrument" in music. The 4.2% change of speed which occurs when films
are screened on T.V. is not only close to a semitone in pitch, but also means
"new people, new voices, new instruments". The effect can be compared to
physically scaling up or down the entire cast and set."

In the case of the transfer of electronically recorded signals onto
film, the interlaced nature of conventional television standards causes
additional problems, since vertically adjacent lines on the final film frame

* For further information see ————Recommendation 713.



Rep. 801-4 65

originate from different television fields. This results in "combing" being
produced on the edges of moving objects; there is also an increased level of
motion blur due to the effective exposure period produced when two television
fields are combined. Alternatively, the combing and motion blur can be
eliminated by recording only a single television field instead of a pair; in
this case the penalties are a loss of vertical resolution and an increase in the
visibility of line structure in the final image [CCIR, 1986-90al].

Film to HDTV transfer®

The film frame rate used internationally for motion picture films is
24 f/s. Present-day practice for broadcasting such films varies between
countries with 50 Hz field rate television systems and those with 60 Hz systems.
In countries having a 60 Hz field frequency, two successive film frames are used
to form five television fields; this is accomplished by repeating the first
frame twice and the second three times. The effect of the repetition process is
to produce beat-frequency judder at 12 Hz on moving objects; this is, of course,
in addition to the normal 24 Hz judder due to the film frame rate itself. More
sophisticated techniques have been reported [Childs, 1985], which use temporal
interpolation to smooth out the judder, but a compromise between judder and
excessive motion blur is always necessary.

In countries having 50 Hz field frequencies, films are almost
invariably shown at a slightly increased speed of 25 f/s, in order to simplify
the conversion process [CCIR, 1986-90al].

[CCIR, 1986-90am] reviews the HDTV-film interface in viewpoints of the
difference between 24 and 25 f/s, degradation due to field repetition in 50 Hz
system, and a possible solution with motion compensation technologies. It
expresses a view that the interface issue cannot be a decisive factor to choose
50 Hz for the field rate of the world-wide unique HDTV studio standard.

Document [CCIR, 1986-90an] reports the result of studies concerning the
scanned area of 35 mm motion picture filmm in HDTV telecine. This matter is
reported in Recommendation 716.
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PART 4 - ASSESSMENT OF HDTV QUALITY
1. Introduction

Aspects of the subjective and objective assessment of HDTV were
examined at the Extraordinary Meeting of Study Group 11. Ten documents were
considered in addition to existing CCIR texts. Particularly significant to the
work were the thorough contributions on subjective assessment received from
Interim Working Party 11/4 and a draft new Report on objective measurement from
IWP 11/6.

In the interest of presenting a concise and readable report of the
activities of the Extraordinary Meeting of Study Group 11, in HDTV quality
aspects: first, the meeting adopted Report AT/11 (MOD Ex) (The subjective
assessment of systems associated with an HDTV environment) now
Report 1216 ———————and Report [ XF/11] (Measurements in HDTV)now Report 1218.

The Extraordinary Meeting also adopted the following texts:

- ~ Recommendation of subjective assessment methods for image quality
in HDTV ( Recommendation 710);

- ~——— Study Programme 3E/11 on subjective assessment procedures for
signals originating in an HDTV studio;

- —— Study Programme 27C/1l1l on objective measurement in an HDTV
environment.

The text of Decision 66-1 (MOD I) was also examined by the meeting, but
was still found to be complete and relevant and no modifications were proposed.

2. Summary of Report 1216

Report 1216~———————is a dossier of current knowledge on subjective
assessment methods for high-definition television. The document considers
assessments of HDTV studio formats, of conventional studio pictures derived from
HDTV studio formats, of HDTV emission systems derived from HDTV studio formats,
and of compatible pictures received in HDTV emissions. The document also
considers comparative assessments of HDTV studio formats and of HDTV emission
formats.

2.1 HDTV studio formats

For assessments of basic quality, the double stimulus continuous
quality scale method (DSCQ) is suggested. The reference should provide quality
superior to that of the system under test (e.g., a directly viewed scene or
performance). The test materials should permit attribution of subjective
reactions to specific attributes, such as: static and dynamic resolution;
luminance, colour, and motion rendition; flicker, etc.

For assessments of quality following various types of downstream
processing, different methods are suggested. Assessments of colour matte could
use the double stimulus impairment scale method (DSI), with test materials
critical for colour matte operations. For slow motion and other picture
manipulations, in the absence of a high-quality reference, the ratio scaling
method has been suggested and alternative methods are under study. For HDTV-HDTV
studio standard conversions, primary assessments might use the DSCQ method with
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briefly presented critical test materials, while auxiliary assessments might usé
the single stimulus continuous quality scale method (SSCQ) with lengthier
presentations of less critical material.

In all cases, viewing conditions would be as given in
Recommendation 710 (Subjective Assessment Methods for Image Quality in
HDTV). In interpreting the results, however, it is necessary to allow for
possible influences in the technical state of implementation of the HDTV studio
system.

2.2 Conventional studio formats derived from HDTV studio formats

For evaluations of the small impairments and the limited range of
impairments to be expected, the DSCQ method is thought the most useful. In the
tests, assessors would view pairs of presentations, of which one would be
prepared directly in the conventional format, while the other would be converted
from the HDTV studio format. The viewing conditions should be in accordance with
those given in Recommendation 500.

2.3 HDTV emission systems

For basic quality, primary assessments might use the DSCQ method with
the studio system as reference, while auxiliary assessments might use the SSCQ
method. In the former case, displays would be brief and use material that was
"critical, but not unduly so" while, in the latter case, displays would be
lengthier and would use material representative of normal programming.

For assessments of failure characteristics, echo behaviour, and
interference, the DSI method might be used, with the studio system and/or the
unimpaired emission format as reference. The test materials would be brief and
"critical, but not unduly so".

For all evaluations, the viewing conditions would be as given in

Recommendation 710 - (Subjective Assessment Methods for Image Quality in
HDTV) .
2.4 Compatible pictures received in HDTV emissions

For basic quality, the DSCQ method might be used with material prepared
directly in the conventional emission format and/or material converted directly
from the HDTV studio format as reference. For failure characteristics, echo
behaviour, and interference, the DSI method might be used, with material
prepared directly in the conventional emission format (but not otherwise
impaired) and/or material converted directly from the HDTV studio format (but
not otherwise impaired) as reference.

The viewing conditions would be as given in Recommendation 500.
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2.5 Comparative assessments of HDTV studio formats

For these assessments, three approaches may be considered.

In direct comparisons, candidate studio formats would be compared
directly on a side-by-side basis. Issues have been raised concerning the
appropriateness of such procedures; these are given in [CCIR, 1986-90a, b]}.

In indirect comparisons, candidate studio formats would be tested
alternately against common, directly-viewed reference scenes. Depending upon the
range of quality seen, either the DSCQ or the DSI method would be used. The
viewing conditions would be as given in ———— Recommendation 710..- It should
be noted that, in this case, it is essential to maintain constant source
material across the systems tested. It is also considered useful to ensure that
source scenes are composed to permit attribution of subjective judgements to
particular factors in design (see § 2.1).

In theoretical comparisons, candidate studio systems are placed,
parameter-by-parameter, in terms of degree of adherence to the relevant
psychophysical ideals. Examples of this approach are given in
[CCIR, 1986-90c, d].

It is thought essential in comparative tests to take account of
possible influences of technical state of implementation.

2.6 Comparative assessments of HDTV emission formats

These might proceed as described in § 2.3, with the exception that the
intent is to compare across systems, the basic quality, the failure
characteristics, the echo performance, and the interference performance.

2.7 Test pictures

It is desirable to unify the assessment method and test pictures,
because differences in these matters may cause different results in subjective
assessment on the picture quality of HDTV.

Nine still pictures have been selected in Japan for standard test
pictures to be used in assessments of HDTV picture quality. Some demonstrations
to the public were carried out and much interest was expressed on an excellent
picture quality provided by them. These are already being used for various tests
in Japan. Sequences of moving pictures are to be studied in the next step
[CCIR, 1986-90e].

3, Summary of Report 1218 on objective measurement

Report 1218 — drawing on [CCIR, 1986-90f, g, h], considers
the important topic of the objective measurement of high-definition television
signal parameters. It addresses three areas for attention: first, the
examination of the transfer characteristics of distortions occurring over a
number of time-durations; second, proposals for the nature of the test signals
to be used for characterizing the HDTV video signal; and third, suggestions for
elements of test patterns for HDTV and examples of such patterns.

This Report is complemented by four detailed diagrams of example
test signals and two pictures of example test patterns.
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REFERENCES TO PART 4

CCIR Documents

[1986-90]: a. IWP 11/4-160(IWP 11/4); b. IWP 11/4-161 (France); c. IWP 11/4-146
(France); d. IWP 11/4-172 (Canada); e. 11/589 (Japan); f. 11/340
(USSR); g. 11/341 (USSR); h. 11/342 (USSR).

PART 5 - STUDIO STANDARDS AND ASSOCTATED EQUIPMENT

PART 5.1 - DEVELOPMENT REPORTS ON STUDIO STANDARDS AND ASSOCIATED EQUIPMENT

Considerable progress has been made in the production of studio
equipment designed around two draft Recommendations which have been submitted to
the CCIR. While neither set of parameters in those drafts have been agreed by
the CCIR as being acceptable as a single worldwide standard, both have
sufficient support for practical use in specific areas to encourage
manufacturers to produce equipment.

1.1 Proposal based on an 1125/60 system

The following proposal for a draft Recommendation for an HDIV studio
standard based on 60 Hz was submitted to the CCIR, initially in 1985 and has
reached the level of implementation indicated in Tables [I to V].

CONSIDERING

(a) that an HDTV studio standards must provide pictures with
z2pproximately twice the horizoaral and vertical spatial resolution of,
and a larger aspect ratio than, studio sources us&ng existing
standards;.

(b) that there exists 2 broad range of applications for EDTV;

(¢) that there has been substantial progress made in high-definiticn
television technology for production equipment; ‘

(d) that an EDTV studio standard should make possible a major
improvement in quality over conventional 525/625 systems, when viewed oa
a large screen of 1 m diagonal size or larger;

(e) that an EDTV studio standard should make possible large-screen
‘viewing with a spatial resolution comparable to 35 mm cinemacographic
film;

(£) that BDIV signals will be used as sources for current and proposed
broadcast television systems and for motion picture £film;

(g) thac an HDTV studio standard must be specified in digital form with
a8 simple relationship to Recommendation 601;

(h) that the transfer to and from film can be provided with adequate
quality;
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RECOMMENDS

that the following standard para=etars be used for generatica of
signals in high-definition television studios

1.1.1 Basic characteristics of the vidao signal.

The video signal represents a scanned raster with the
characteristics shown in Table I:

TABLE I - BASIC CEARACTEZRISTICS Of VIDEZO SIGNALS

ITEM . CHARACTERISTICS
1 Number of lines per frane : 1125
2 Number of picture lines per frame - 1035
3 - Interlace ratio . - 2:1
4 Aspect ratio (2:V) A 16:9
5 Field frequency (fields/sec) 60.00
6 Line frequency (Ez) 33750
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Colorizetric characteristcics.

TABLE IX
ITZM CHARACTERISTICS
x y

1 Assuned chromaticity coordinates R 0.630 0.340

(CiZ 1931) for primary colours G 0.310 0.555

of display. B 0.155 0.070
2 Chromaticity for equal primary Illvminant D¢s

signals. .

x y
(E'g = E'g = E'
{.e. Reference white) 9] 0.3127 0.32%0
(1/0.45)

3 Electro-optical tramsier L=((V+0.1115)/1.1115)

characteristic of reference for v20.0913

reproducer.

L=V/4.0
for ¥v<0.0913 (2)

4 Assumed gamma of ref. reproducer

for which pre-correction of 2.2 (approx.)

primary signal is made.
5 | Opto-electronic transfer v=1.1115xL(%-43)0.1115

characteristic of reference
camera.

for L20.0228

v=4.0xL
for L<0.0228
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TASLE II (continued)

73

ITZ
pr— e —1 pr——r L
6 Transaitcted signals [|E'4] [1.000 -0.227 -0.477 'y
E'B =11.000 1.828 0.000 E'P
B
E'gl {1.000 0.000 1.576 E's
R
E'Y 0.701 0.087 0.2£;T E'G
E'p |=|-0,384 0.500 -0.116 E's
B .
E'P -0.445 -0.055 0.500 E'R-
R .
N i I .
(1) (3

7 Scaling of colour

difference signals
(derived)

Note 1: E'R E'G E'g are the signals appropriate to drive the
. ’ ’ :

primaries of the reference reproducer (having been pre—corrected

for the reproducer's electro-optical transfer characteristic).

Note 2: L - light level

V - video signal level
Note 3: E'Y,E'p

R B

,E'P ?an be derived from E'R,E'G,E'B

through a linear matrix.



74 Rep. 801-4

1.1.2 Analogue representation

The image is represented by three parallel, time~coincident video signzls. Each
incorporates a synchronizicg wavefora. -

The signals shall be either of the following secs:

E'G 'green“ . E’Y “lir=inance”

E'B “blue” ’ E'p “blue cclour difference”
B

E'R “red” E'p “red colour difference”
R

The video signals are fully described in Table 111, IV and figure 1.

TAZLE III
ITEM CHARACTZRISTICS
Nominal levels of Reference black level (amV) 0
1 E'y, and Reference white level (mV) 700
E‘CE'RE'B Synchronizing level (mV) +300
with sync .
(1) | (Tri-level bipolar)
Nominal levels of Reference zero level (aV) 0
2 | E'p E'P Reference peak level (mV) +350
R B ’
with sync | Synchronizing level (aV) +300
(1) (Tri-level bipolar)
Bandwidth E'R E'G E'B 30 MHz (Nominal)
3 » 2
E'Y 30 MHz (Nominal)
E‘p ,E'p 15/30 MHz (Nominal)
: B R ) (2)

Note 1: Based on a 75 ohm (nominal) circuit impedacnce.

Note 2: 15 MHz applies when derived from digital sources.
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1.1.3 Anziog timing and synchronization.

H line timing (see figure 1)

Rising edge of sync

(timing reference)

Trailing edge of sync
Start of active video
End of active video

Leading edge of sync

Figure 1:

mo D O'N

(Sync rise time)
Total line
Active line

TABLE IV
ITEM CHARACTERISTICS
1 Synchronizing signal fora Tri-level bipolar
2 Nominal line-blanking interval (ps) 3.77
3 Field-blanking period 45 B
4 Reference clock frequency (MHz) 74.25 + 10 ppm
S ‘Reference clock period t (nsec) t = 13.47 = H/2200
6

0
&4
192
2112
2156
Reference time :
clock (derived)
periods (psec.)
44 0.593
88 1.185
44 © 0.593
132 1.778
192 2.586
4 0.054
2200 29.63
1920 25.86

75



Reference clock periods: o0 44 192 2112 2136 ‘2200
Time (ws) (derived) 0 0,59 2,58 28,44 28,6428, 63

Figure 1{a), Timing of evenis within » video line,

458

|

, - ' |
557 . 562 563 56 b —msofo— 565 566 567 568 569
TR IR W i
$//, | — — i Y ' F ] L —- ‘1
45H

I SH \.1/ 28l 1/21l

vertical sync
timing reference

Figure 1(u). Detsll of fleld blanking pertiods,

£ £ £
N 1k -
v/2 o v/2
I Lol i
o m 8 w—ajee— C
b d
\ ) {
. 1/2H
horizontal sync Vv: reference
timing reference white level
S: synchronizing
level
Figure 1(c). Detall of line blanking P"""‘ Figure 1(d). Detsll of fleld synchironiting pulaes,

FIGURE 1 - Analogue synchronizing signal waveform

9L

%7-108 -deoy
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1.1.4 Digital representaticn

The video signals are tepresén:ed in digital form by tzbdle V.

TA3LE V
ITEM CHARACTERISTICS
1 Coded signals: Y, Cz Cj These signals are obtained
i from gamma pre-corrected
signals, namely: E'Y,
E'gE'y, B'p-Ely
2 " Number of sauples per total line:
- luminance signal (Y) 2200
- each color-difference
signal (CR, CB) 1100
3 Sampling structuTe Orthogonal, line, field and
: frame repetitive. and
C, samples co-sited with
odd (lst, 3rd, Sth, etc.)
Y samples in each 1line.
4 Sampling frequency: : .
- luminance signal (MEz) 74.25 (nominal)
- each colour-difference
signal (MHz) 37.125 (nominal)

5 Form of coding Uniformly quantized PCM, N
bits per sample, for the
luminance signal and each
color-difference signal (1)

6 Number of samples per

digital active line:
- luminance signal 1920
- each color-difference signal 960
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TABLE V (continued)

IT=ZM CHARACTERISTICS
7 Analogue-to-digital horizontal
timing relationship:
- from end of digital active
line to Oy ’ To be determined
8 Correspondance between video
signal levels and quantization
levels:
- scale : 0 to (28¥-1) (1)
- luminance signal Study required
- each color-difference signal Study required
9 - Code-word usage Study required
Note 1: N is number of bits required. (Required further study)
1.2 Proposal based on a 1250/50 system

The following proposal for a draft Recommendation for an HDTV studio
standard based on 50 Hz was submitted to the CCIR, initially in 1987 and has B
reached the level of development indicated in Tables [I-VII] /CCIR, 1986-90a/.

CONSIDERING

(a) that an HDTYV studio standard must provide pictures with approximately twice the
horizontal and vertical spatial resolution of, and a larger aspect ratio than studio
sources using existing standards,

(b) that there exists a broad range of applications for HDTV,

(c) that there has been substantial progress made in High Definition Television
technology for production equipment,

(d) that a multiplicity of standards will cause difficulties among broadcasters in the
future,

(e) that HDTYV sources will also be used for current and currently proposed broadcast

- television systems,

() - that a conversion to existing 625/50 and 525/60 standards can be provided with
good quality, )

(g) that ann HDTYV studio standard must be specified in digital form with a simple
relationship to Recommendation 601,

(h)  that a 50 Hz field rate has advantages for the transfer to and from the existing fiim
standard, which will continue to be an exchange format,

(1)  that motion portrayal is satisfactory with field rates of 50 Hz or greater,

()  that for a given bandwidth and interlace factor a 50 Hz field rate provides greater
spatial resolution that higher field rates,

(k) that a majority of countries éurrcmly use emission standards based upon a 50 Hz

field rate,
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() that HDTV emission, transmission and studio standards are being considered in
parallel,

(m) that all parameters of an HDTYV studio standard should be optimized with regard to
conversion into the respective HDTV emission standard (either based on 50 or
59.94/60 Hz).

RECOMMENDS
That the following standard parameter values be used for generation of signals for

High Definition Television production and for the international exchange of High
Definidon Television programmes :

1.2.1 SCANNING PARAMETERS

TABLE 1
Item CHARACTERISTICS *
1.1 Total number of lines per picture 1250
1.2 Number of active lines per picture 1152
1.3 Scanning method Progressive 1: 1
1.4 Aspect ratio . ‘ 16:9
1.5 Field frequency 50Hz
1.6 Line frequency _ 62,5 kHz

* This is the target standard. The first implementation may be based on a bandwidth
reduced system. A bandwidth reduced system is described in § 2.2.2.
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1.2.2 COLORIMETRY AT THE STUDIO INTERFACE

The content of section 2, 3 and 4 is in line with studies under completion, but the
confidence given to these results, still subject to confirmative tests, is high enough now to
introduce this information.

TABLE 11I
Item CHARACTERISTICS
X y
2.1. Chromaticity coordinates Red 0.6915 0.3083
of primaries at the Green 0.0000 1.0000
studio interface (1) (2) Blue 0.1440 0.0297
X y
2.2, Chromaticity coordinates
of reference white : Degs 0.3127 0.3290
illuminant Dg5 (2)

Note 1

Red and blue primaries are monochromatic (620 nm and 460 nm) real colours, 'Green'"
is a non-real colour called "green" for reason of simplicity.
Note 2 :

Figure 1 gives the positon of the studio interface where primaries are labeled R, G, B and
the signals balanced for a Dg5 white reference.

1.2.3 TRANSFER CHARACTERISTICS

See section 2 heading.

TABLE III
Item ' CHARACTERISTICS
3.1. Opto-electronic transfer Linear
reference source Gamma =1
3.2 Overall electro-optical transfer Gamma = 1.26
characteristic of the HDTV Chain 3)
3.3. Non-linear preemphasis of the
primaries and luminance signals at Gamma = 0.45
the studio interface

- Note 3
It assumes a conventional CRT display having a gamma of 2.8 and source signals
precorrected with the same law than the non-linear preamphasis given in item 3.3.
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1.2.4 ANALOGUE SIGNAL REPRESENTATION
See section 2 heading

The analoguc picture signal comprises 3 parallel, ime-coincident voltage signals from one
or other of the two following sets (fig.2) :

@) ER "red" or’ (i) E'y "luminance”
EG '"green" E'c1 "colour difference 1"
EB "blue" E'c2 ‘“colour difference 2"

* The impedance of the source is 75 ohms.

* The mark ' denotes non-linear pre-emphasis of the linear primary or luminance signals
(see parameter 3.3)

* Generally, it is necessary to precorrect the primary signals ER, EG and EB before
applying them to a display : in practice 4 gamma-correctors are used in a camera to
obtain E'y, E'R, E'G and E'B.

TABLE 1V
Item ' CHARACTERISTICS
4.1 Pre-emphasis equation ER = ER045 volts
for primary signals Eg = EGO-45 volts
EB = EBO-45 volts
42 | Luminance signal Ey =(0.3392ER +0.6217 EG + 0.0391 Eg) 0.45
equation where ER, EG, & EB vary from 0.0 to 1.0

43 Colour-difference E'c1 =1.8 (ER —E'Y)

signal equation E'c2 =0.8 (EB — E'Y)

4.4 Nominal signal levels Reference black level 0mV
of E'y, ER, EG, & E'B | Reference white level 1000 mV

4.5 Nominal signal levels Reference achromatic level 0mV
of EC1 & E'C2 Reference peak level +/-650mV
(Note 4)

4.6 Nominal signal bandwidth | ER, EG,EB & E'y 60 MHz

EC1 & EC2 30 MHz
Note 4

*E'Cc1 & E'C2 represent E'C1 & E'C2 clipp_cd to the peak level.

81
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.2.5 DIGITAL SIGNAL REPRESENTATION

Only set (ii) is considered presently for digitization. The necessary number of bits per
sample for ER, EG, EB signals in still under study.

TABLE V
Item CHARACTERISTICS
5.1 Coding form and word-length | E'y, E'C1 & E'C2 uniformly
for Y, Cq, Ca. quantized PCM with at least
8 bits/sample for Y .
8 bits/sample for C1 or C2
5.2 Sampling structures : :
- Luminance signal Orthogonal line and picture repetitive.
- Colour-difference signal Line quincunx, picture repetitive.
C1 and C2 samples cosited each
other and with odd numbered Y
" samples on odd numbered lines,
with even numbered Y samples on
even numbered lines.
5.3 Number of samples per
digital active line.
- Luminance signal 1920
- Colour-difference signal 960
5.4 Total number of samples per
full line
- Luminance signal 2304
- Colour difference signal 1152
5.5 Sampling frequency
-Y 144 MHz
-C1&C2 72 MHz
5.6 Analogue-to-digital horizontal
timing reladonship from end Under study
of digital active line to OH
5.7 Correspondence between video
signal levels and quantization :
levels : Under study
- Scale
- Luminance signal
- Colour difference signal
5.8 Code-word usage i Under study
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1.2.6 ANALOGUE SYNCHRONIZING WAVEFORM

1.2.6.1Details of the line synchronizing signals (see fig. 3)

a) Synchronizing waveform
— Bipolar tri-level sync
— Amplitude + 300 mV peak into 75 ohms.
b) Timing
Reference clock frequcnc¥ 12,25 MHz
ABLE VI
Symbols CHARACTERISTICS Us 2,25 MHz periods
H Nominal line period 16 36
a Line blanking interval 2.667 6
b Interval between time datum (OFR)
and back edge of line-blanking pulse 1.778 4
c Front porch 0.88%9 2
d Synchronizing pulses 0.444 1
f Build up times (10 % to 90 %) Under study.

1.2.6.2 Details of the frame synchronizing signals (see fig. 4 and 5)

Reference : line period H=16us
TABLE VII
Symbol CHARACTERISTICS Time Line periods
v Frame period 20 ms 1250
j Frame blanking interval 1.568 ms 98
q' Duration of frame synchronizing
pulse. 8 us 12

83
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FART 5.2 - DEVELOPMENT OF EQUIPMENT (EXCEPT FOR CONVERTERS AND RECORDERS)

2.1 Studio equipment of the 1125/60 HDTV system

An HDTV programme production facility has been implemented which
provides production capabilities needed for HDTV experimental broadcasting of
one hour each day. The 1125/60/2:1 HDTV system used, and standards conversions
between HDTV and conventional television systems are incorporated. This
equipment has been implemented by NHK over several years based on a long-term
schedule [CCIR, 1986-90b].

The developments described in the following sections complement a full
range of production equipment including cameras, recorders, special effects
devices, etc., that are commercially available [CCIR, 1986-90c].

2.1.1 Cameras

a) HDTV portable camera

An HDTV portable camera using Saticon tubes has been developed. Features
of it include a high resolution of 1200 lines with a high sensitivity of F:4.5 at
2,000 lux, compact and light weight of only 8 kg and an economical power
consumption of only 35 W.

One-inch Saticon tubes with static focussing and static deflection have
been employed. The photoconductive layer used is an improved one, and its
sensitivity is 1.5 times in the green channel, 2 times in the red channel compared
to the conventional Saticon layer. The preamplifier has also been improved by
using a high performance JFET.

b) HARP* cameras for HDTV

An HDTV hand-held camera using 2/3-inch HARP tubes has been developed.
The sensitivity of it is ten times greater than that of conventional HDTV cameras,
and it can be operated at F:2.8 under 200 lux. This camera provides high quality
pictures even in such cases with low levels of illumination as outdoor sporting
events, show stages in areas of theatres.

A low noise GaAs FET preamplifier is used to obtain good signal-to-noise
ratio (45 dB). Ease of registration adjustment has been realized employing an
automatic on-line system. Applications of LSI technology and compact circuit
design realized a light weight hand-held camera (6.5 kg).

c) Solid-state pick-up devices

Solid-state image pick-up devices which meet the 1125/60 studio standard
have been developed. They include a one-inch format CCD image sensor with two
million picture elements, and a laminated CCD image sensor. A next-generation
solid-state HDTV colour camera using one of those has been developed. It is
compact and twice as sensitive as conventional models.

* HARP: High gain avalanche rushing photoconductor.
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2.1.2 HDTV video-matte system

An HDTV video-matte system has been developed. This system provides a new
production technique in HDTV picture synthesis. A key signal for the synthesis is
generated by means of computer graphics and displayed on an HDTV monitor. So it is
possible to synthesize two pictures without any blue background, for example,
taken at remote locations.

The equipment has already been put into practical use in drama
production, and feature film production using HDTV techniques, and creates a
synthesized picture so real and natural that it makes viewers feel as if they are
watching a real scene.

2.1.3 OB van for HDTV

A recent HDTV OB van is designed for use in live broadcast and in real
time editing with such programmes as sporting events, theatrical performances and
festivals. It is made so as to be able to move easily from one site to the other,
and yet has the necessary environment for long time production to be maintained
with a wide production room (3 m in its length) and large monitors (30 in in
diagonal).

It is equipped with three cameras with an extension up to 1,500 m by
optical fibre transmission, two VTRs, one opaque scanner, an analogue video
switcher with eight inputs including three-mix, wipe, superpose and soft chromakey
functions, a four channel audio mixer with eight inputs and an FPU transmitter of
42 GHz with TCI video encoder.

2.1.4 Stereoscopic television

An experimental field sequential stereoscopic television system has been
developed in Japan utilizing HDTV equipment.

Production equipment such as cameras and VITRs used were those of
1125/60/2:1 HDTV system.

A newly developed video projector was used to display these right and
left images alternately at a field frequency of 120 Hz, with 1,125 lines for a
whole right or left frame. The screen used was of 110 inches in size. Observers
wore a pair of glasses comprising liquid crystal shutters which alternately did
open and close depending on the field for the right or the left eye [CCIR,
1986-90d].

2.2 Studio equipment for the 1250/50 HDTV system [CCIRL,1986-9Oel

Document [GCIR, 1986-90f] proposes a hierarchy of formats within the
studio, simply related to Recommendation 601. All members of the hierarchy are
evolutive with a high level of compatibility at least from one member to the
next. ‘
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1 Progressive (HDP and HDQ) equipment*

This studio equipment at prototype level included:

a monochrome camera that was demonstrated in Montreux, 1987
[CCIR, 1986-90g; Boyer and Eouzan, 1987];

two colour cameras with different lens type, and one inch Saticon pick-up
tube, demonstrated at the Brighton IBC 88.

The development of the HDP camera was a milestone of the EU95 project, in
particular, its sensitivity is nearly the same as that of an interlace
camera, with a weighted S/N ratio quite equivalent. It includes a 2D
digital aperture correction system on the channel, working at 144 MHz
with 8 bit quantization and a convolution mask of 3 lines x 5 pixels;

144 MHz A/D and D/A conversion equipment;

HDP/HDQ and HDQ/HDP converters (filter and interpolator). Converters
include luminance and colour difference processors. The luminance
processor is a bidimensional diagonal filter that allows subsequent
quincunxial subsampling. The colour processor is a vertical filter that
allows vertical subsampling. At the filter output, luminance samples are
interleaved and a 16 to 32 us line rate conversion is carried out. This
provides at the output of the filter an HDQ multiplex, with the structure
and clock frequency conforming to that of the HDI multiplex;

Explanatory note for description of studio equipment for the 1250/50 HDTV
system:

HDP standard [CCIR, 1986-90h]

High-definition progressive scan with orthogonal sampling for the luminance
signal and quincunx sampling for each colour-difference signal.

HDQ

High-definition progressive format that is derived from the HDP standard by
luminance diagonal prefiltering resulting in spatial quincunx sampling and
by colour-different vertical prefiltering resulting in orthogonal sampling.
It allows to save half the bandwidth or data rate of HDP. '

DI
High-definition interlace format with orthogonal sampling for luminance and
colour-difference signals. The data rate of HDI is equivalent to the data
rate of HDQ.
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for interconnection of equipment within a production centre and for
point-to-point interstudio links, commercially available equipment with a
60 MHz bandwidth has been used for RGB parallel transmission of
1250/50/1:1 HDTV signals in analogue form. Transmission equipment for
HDTV signals in digital form with bit rate reduction has also been
implemented [CCIR, 1986-90i].

Document [CCIR, 1986-90j] gives the characteristics of the HDQ format

which is a bandwidth limited digital implementation of the HDP standard, in order
to use the current digital recording and processing technology within the studio.
The document further explains that HDQ and HDI, having the same bit rate, achieve
a high degree of commonality and could use the same digital signal interface and

that therefore many pieces of equipment, such as switchers, mixers and recorders

can be used in both HDI and HDQ environments. :

2.2.2

*

Interlaced (HDI) equipment®

Cameras

Cameras including 2-dimensional digital aperture and contour correction
units with performances in sensitivity and S/N ratio according to the
present state-of-the-art using either one-inch Saticon or Primicon pickup
tubes or 30 mm Plumbicon tubes have been developed [CCIR, 1986-90k].

Mixers and switchers

Simple switchers and mixers in analogue components were demonstrated.
New mixers, characterized by two mixing levels, three inputs in each
level, with fade, wipe and colour-matte facilities, four programme and
two preview outputs, allowing for full 30 MHz bandwidth processing have
been developed [CCIR, 1986-90k].

Graphic Paintbox

A paintbox has been adapted to operate at 1250/50/2 standard and was
demonstrated at Montreux (June 1989). It incorporates 1250/50 inputs
and outputs, that with the development of new software, allow frames to
be grabbed, retouched and output in the classic paintbox manner,
bringing vital graphics capability to 1250/50 high definition
production [CCIR, 1986-90k].

OB vans

A set of operational equipment was demonstrated at the IBC 88 and was
based on two OB vans including cameras, mixers, telecines and VIRs
mentioned in other sections.

An HDTV OB van in the interlaced version of the 1250/50 standard as
described in [CCIR, 1986-901] is currently being built up for RIVE. This
OB van is designed for the production of experimental HDTV programmes in
general and mainly for sports events. It has synchronization and
monitoring facilities to work together with another OB van of similar

. characteristics [CCIR, 1986-90m].

See footnote on previous page and the footnote to Table I, Part 5 §2.1
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A mew HDTV OB-van built for recording purposes was demonstrated at
Montreux (1989) and the IFA ‘89 in Berlin (West). The equipment in this van
includes three HDTV cameras, two HDTV analogue VIR systems, an HDTV mixer and HDTV
monitors. The van will include an effects device and a character generator. A
stereo sound system with an audio mixing deck has also been installed for
production operation. A conversion system is also included providing: '

- components Y.CR CB in digital or analogue forms at 625/50/2:1
standard with 4/3 aspect ratio;

- conventional PAL signal (4/3 aspect ratio); and

- PAL signals (16/9 aspect ratio) for displaying HDTV pictures in its
full width on low price standard PAL monitors.

Another OB-van for post production of the video recording was
demonstrated at the IFA ‘89 in Berlin (West). It houses three HDTV analogue VIR,
an HDTV mixer, HDTV monitors, and an editing system for processing at the video
and audio levels. These two OB-vans are planned to operate either independently or
linked to each other [CCIR, 1986-90k].

[CCIR, 1986-901] describes the parameters of the interlace version of the
1250/50 studio standard currently used in Europe on an experimental basis (see
§ 1.2 of Part 5).

2.2.3 Components

Some critical components for HDTV have been studied and future
developments are in progress. They include zoom lenses for HDTV cameras, CCD line
arrays for slide scanners and for telecines with 2048 pixels, a one-inch
Primicon® pick-up tube with electromagnetic focalization and electrostatic
deflection. A 30 mm Plumbicon tube has been developed to equip cameras allowing
improvements of sensitivity and lag characteristics. The main features of this
tube which used lead oxide photoconductive layer are a new type of electron gun
(tetrode) for high resolution, high electron beam reserve, low lag of maximally
2.5% after 60 ms, a low output capacitance (typically 5 pF), electrostatic
deflection, magnetic focus and a short tube length of maximum 172 mm
[CCIR, 1986-90k]. A CDD line array with 5184 pixels for slide scanners is under
development.

2.2.4 Interfaces for the digital environment

Document [CCIR, 1986-90n] suggests that with a simple and powerful motion
estimator located within the studio close to the source, each equipment whose
performance is affected by motion knowledge will use "motion vector" information
to an appropriate degree by means of hierarchical processing. The target is to
reach by this way a reduced bit rate for the motion information depending upon the
application to avoid loss of relevant motion information when cascading processing
is necessary.

Examples of related applications in production areas, especially at
input/output interfaces, are field rate standard conversion, slow-motion, film
transfer and coding for transmission or emission. The motion data can, for
example, be inserted into the vertical blanking interval of the video signal,
recorded on tapes and used for programme exchange.

* Primicon: Trade mark from TCSF.
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2.2.5 Other_ developments

Submissions were received reporting that a progressive scanning
implementation affects mainly the camera, the A/D conversion equipment and the
recorder within the studio. For the other items of studio equipment, mainly the
mixer and associated special effects, little change is necessary when going from
interlace to progressive scanning [CCIR, 1986-90c]. As said in [CCIR, 1986-90p] a
first implementation will be based on digital HDQ format to use 1.15 Gbit/s
digital VTR whose feasibility has been demonstrated.

[CCIR, 1986-90q] states that improved motion performance for a 50 Hz HDTV
camera can be obtained with synchronous shuttering and that this improvement will
be most marked when used in combination with motion compensated display up-
conversion.

2.3 Displays

Note - For consumer-use displays, see Part 10, section 2.

2.3.1 Directly-viewed tube displavs

CRTs are being developed in Japan giving priority to an enlargement in
size and an improvement in resolution. With regard to the size enlargement, a
40 in CRT was developed in 1985 and introduced at "EXPO 1985", Tsukuba, Japan.
This CRT weighed about 80 kg and had an aspect ratio of 5:3. In 1987, a 41 in CRT
with an aspect ratio of 16:9 was developed. It weighed 105 kg and achieved a
brightness of 95 cd/m for all-white signals. Equipped with digital convergence, a
display using this CRT achieved a reduced convergence error of 0.5 mm or less in
all parts of the screen. The total weight and external dimensions of the display
were 170 kg and 1,030(W) x 760(H) x 850(D) mm.

In 1987, a 32 in CRT was developed w1th the shadow mask of the Invar
steel. It attained a peak brightness of 230 cd/m [CCIR, 1985-90r].

[CCIR, 1986-90s] describes the basic characteristics of displays for the
1125 line 60 field high-definition television system. The document also reports
that direct view CRT displays with brightness of over 100 cd/m are currently
available in sizes up to 750 mm measured diagonally.

CRT displays with a diagonal dlmen51on of 931 mm are also available with
brightness values in the order of 68 cd/m2.

Colour picture monitors using 51 cm, 76 cm and 81 cm (20-in, 30-in and
32-in) tubes with the 16:9 aspect ratio were developed in 1988 in Belgium, the
Federal Republic of Germany, France, Italy, the Netherlands, and the
United Kingdom. Using phosphor dot pitches of around 0.3 mm and video bandwidths
of about 60 MHz in the first available designs, horizontal resolutions of
1000 lines, or greater than 1400 picture elements per active line, and vertical
resolution commensurate with 1250 total scanning lines were achieved. The
approx1mate picture peak-luminance and contrast ratios were up to
90 cd/m and 50:1 respectively. Apart from providing 2:1 interlaced scanning with
1250 lines per picture and 50 Hz field rate (1250/50/2:1) with a line scan
frequency of 31 kHz, operation at 62 kHz was also demonstrated to give 1250 lines
progressive scanning at a 50 Hz field rate (1250/50/1:1) or 1250 line, 2:1
interlaced scanning at 100 Hz field rate (1250/100/2:1) as options to eliminate
interline flicker or large area flicker, respectively. The techniques used
included bidirectional scan techniques [CCIR, 1986-90e and t].
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2.3.2 Projection type displays

Projection displays using small CRTs (7-9 in) for the picture source are
available with screen sizes up to 3,000 mm and with a peak luminance of over
100 cd/m2 and a screen gain of 13 [CCIR, 198€-90s].

A 50 in rear projection display, using 7 in projection tubes, has
attained a peak luminance of 400 cd/m2 while the depth of equipment remains as
small as 65 cm. In addition, a high contrast ratio of 35:1 or higher is attained
by filling the gaps between the projection tubes and lenses with a material which
has almost the same refractive index as glass. From 50 to 110-in displays of this
kind were developed with a simplified automatic convergence alignment.

A 180-in display, using three 12-in projection tubes, shows a peak
luminance of 55 cd/m2 with a screen gain of 3.5. This display can be used with
other projection sizes of up to 200 in. A 200-in display has also been developed
using six 9-in projection tubes. It showed a peak luminance of 40 cd/m2 [CCIR,
1986-90r].

Very large screen displays using light valve and Schlieren optic
technology suitable for use in electronic theatres are available from several
sources [CCIR, 1986-90s].

Whether for consumer or for professional applications, displays with a
diagonal dimension greater than about 100 cm are currently provided by projection
systems. Several cathode ray tube projection systems were completed in 1988, in
Belgium, the Federal Republic of Germany, Italy and the Netherlands.

The nature and parameter values of a typical example designed with
consumer requirements taken as a high priority are as follows: a rear projection
technique was chosen to enhance stability, brightness and contrast, and to
maximize the dimensional suitability of the equipment for use in the home; the
picture diagonal was 127 cm (50 in) with a 16:9 aspect ratio and a 1250 line
interlaced scanning system operating at the 50 Hz field rate (1250/50/2:1); the
peak luminance of 400 cd/m2 was nearly as high as that available with conventional
625-1line receivers. Of perhaps more importance was the stable attainment of a
relatively high contrast ratio of 50:1.

A 70-inch rear projection display has been demonstrated at the IFA ‘89 in
Berlin (West) [CCIR, 1986-90u].

A second example has been a front projector designed to give a large
- screen diagonal with a 16:9 aspect ratio; 250 cm (98 in) was achieved. The use of
an automatic deflection circuit, ranging from 16 kHz to 62 kHz line rate and from
50 Hz to 100 Hz field rate, enabled the display of both 1250/5/2:1 and
1250/100/2:1 scanning. A peak luminance of 300 cd/m2 with a screen gain of 10 and
a modulation transfer function of 10%Z at 1000 TV lines are reachable in
performance [CCIR, 1986-90e and t].

2.3.3 HDTV displays under development

A flat tension mask CRT has been developed in the United States that, it
is claimed, increases brightness by up to 80% and contrast ratio by up to 70% over
conventional designs. The thin metal mask is stretched and held flat under tension
behind the tube's flat glass faceplate. This arrangement should be more stable
during high mask temperatures. There are plans to apply this technology to large
size HDTV displays.
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The United States is developing a solid-state light valve. An array of
thin film CMOS transistors laid down in the form of a television raster produces a
20 V electrostatic deforming field. On top of the integrated circuit is a
deformable layer and a reflective thin film. Electrostatic forces deform these
layers producing a physical representation of the television image. A separate
light source and Schlieren optics could project the image on the screen. A colour
projector would use three simultaneous modulators into a single objective lens
[CCIR, 1986-90s].

A flat-panel display is desirable to assist the spread of HDTV receivers
into many homes. Gas-discharge displays offer the highest feasibility for
realization of such panels from the viewpoints of produceability of large size
panels, the fast operating speed applicable to HDTV. A 20-in DC gas-discharge
panel with internal memory has recently been fabricated in the first step towards
the development of an HDTV flat-panel display. This study showed the possibility
of realizing a larger flat panel HDTV display. A 4-in liquid crystal colour
display using amorphous silicon TFTs has also been developed [CCIR, 1986-90c
and v].

A 33-inch (84 cm) panel with the same structure as that of the 20-inch
panel has been developed to establish fabrication techniques for larger panels of
the order of one metre.

Application of the same method of driving based on the pulse memory
scheme was assumed for the 33-inch panel, and the design of the panel also
followed after that of the 20-inch panel which exhibited superior performance in
both stability and uniformity. At present, however, the 33-inch panel is driven by
means of a simple line-sequential addressing, and only a colour-checker pattern
including eight colours without saturated variations of intensity can be displayed
on the panel.

Although the luminance obtained with this panel was not sufficient due to
the simple driving method used, uniform luminescent characteristics as well as a

high colour purity were obtained over the entire screen [CCIR, 1986-90w].

2.3.4 Display up-conversion

[CCIR, 1986-90x] discusses the problems of reducing full field flicker
resulting from a temporal sampling rate by increasing the display refresh rate.
This approach requires the use of motion adaptive temporal rate conversion to
minimize motion artefacts. It further points out the need for this technology in
all studio receivers where it may not be practical to use digital assistance
signal approach.

One problem associated with large CRT displays is that of large area
flicker. Larger and wider screens make this an important area of concern in HDTV
viewing and it may be necessary to display the received picture at a different
field rate from the transmitted field rate of 50 Hz. Subjective tests have
indicated that display field frequencies of about 80 Hz and above are necessary in
order to eliminate the effect of flicker at the screen luminances and distances
that are likely to be encountered [Bourguignat, 1985].

To remove both large area flicker and interline twitter, picture
repetition can be used instead of field repetition. This algorithm, known as AB-AB
up-conversion, is successful in displaying still elements of the picture but, as
information is being presented in the wrong order, the portrayal of moving objects
is not satisfactory, due to judder.
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MAC and High Definition MAC channels are capable of carrying significant
amounts of data and so DATV [Storey, 1986] can be used, which offers the
possibility of enhanced, more sophisticated forms of up-conversion while keeping
receiver cost increases low. The presence of DATV channel allows the studio to
pass instructions to the receiver which can overcome the problems of simple field
or picture repetition up-conversion.

One way in which this has been achieved is by using motion adaptive
conversion. In this system the up-converter can select either the field repetitive
or picture repetitive mode of display on receipt of information passed via the
DATV chain. The field repetitive mode can be used for the moving elements of the
picture and the picture repetitive mode for the still areas. Studies have also
been carried out on the use of pre-processing to improve the movement performance
of the AB-AB mode in areas of slow movement.

Equipment from the Netherlands, the Federal Republic of Germany and Italy
was demonstrated in 1988 which included several types of 50/100 Hz display up-
converter. One employed a fixed AA-BB up-conversion algorithm which had no
accompanying DATV information. A second up-converter used a motion-adaptive
AA'-B'B/AB-AB algorithm, with the mode switching controlled by the transmitted
DATV signal. Both equipments operated digitally at HDTV clock rates on component
signals [CCIR, 1986-90t].
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ANNEX
(to Part 5.2)

THE FIRST IMPLEMENTATION OF THE 1250/50 HDTV PRODUCTION SYSTEM

The 1250/50 HDTV studio standard is based on a progressive scanning
method. The first implementation of this target standard may be based on a
bandwidth reduced system which takes into account the present status of available
technology. The 2:1 interlace version described in this Annex in both analogue and
digital forms meets this criteria.

Equipment operating according to these parameters has been demonstrated
and is currently used in Europe for the production of experimental HDTV
programmes. The specific parameter values for the interlace version are given
below (the numbers between parentheses relate to the items in § 1.2):

a) line frequency (1.6) - 31 250 Hz

b) Colorimetry (2) - according to EBU specification (EBU Tech. 3213)

c) Pre-emphasis (4.1) - according to Recommendation 601
d) luminance signal equation (4.2) - according to Recommendation 601
e) colour-difference signal equation (4.3) - according to

Recommendation 601

£) nominal signal levels (4.4/4.5) - according to EBU specification
(EBU Technical Standard No. 10)

g) nominal signal bandwidth (4.6) - half those of the target standard

h) sampling structure of the colour-difference signal (5.2) -
according to Recommendation 601

i) sampling frequencies (5.5) - half those of the target standard

) analogue-to-digital horizontal timing relationship from end of
digital active line to Oy (5.6) - 128 T (T = sampling period)

k) correspondence between video signal levels and quantization levels
(5.7) - according to Recommendation 601

1) code word usage (5.8) - according to Recommendation 601

m) frame period - 40 ms (1250 line periods)

n) frame blanking interval - 1.56 ms (49 line periods)

o) duration of the frame synchronizing pulse - 8 ps (¥ line period)

All other parameter values - according to the target standard
(8§ 1.2)
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PART 5.3 - STANDARDS CONVERSION

3.1. HDTV-HDTV standards conversion

Whatever the HDTV studio standard is in the future, high quality
standards conversion will be necessary: on one hand, in the case of a single
world-wide HDTV studio standard, standards conversion is required where different
field rates apply for the studio and for emission. On the other hand, if different
HDTV studio standards coexist, standards conversion will be inevitable between
these HDTV standards.

These algorithms have been then subjectively evaluated by means of a
double stimulus continuous impairment scale method using 45 non expert observers
in three European laboratories. The Document [CCIR, 1986-90y] reports that the
difference between the ratings obtained by an unconverted 50 Hz picture and the
50 Hz sequences after conversion to 59.94 Hz are less than 0.4 on a five grades
impairment scale for the best algorithm tested. The mean difference for the four
sequences used (a still picture and three moving sequences containing complex
motions on detailed textures) is about 0.16 of a grade.

[CCIR, 1986-90z] reports that a study of the conversion from 1250 lines
50 Hz to 1050 lines 59.94 Hz has been performed to assess the quality of converted
59.94 Hz pictures originally produced according to the European production
proposal. -

For such a conversion, it is obvious that conventional converters do not
perform satisfactorily: these converters create important visible defects
- especially on moving objects, which represent the normal situation in TV scenes.
That is why a motion compensation technique must be introduced to cope with the
interpolation of moving objects (particularly with fast and complex motions).

Algorithms have been developed in parallel with hardware architecture
design, according to the following functions or blocks.

a) Interlaced to sequential conversion

The input format of the standard converter is 1250/50/1:1; it is issued
either from a progressive source or from the output of an interlaced to sequential
converter.

b) Motion estimation

It consists of a description of motion measured between two successive
images in the 50 Hz sequence; the input format to the motion estimator is
1250/50/1:1. Among the different classes of motion estimators, the differential
method is attractive because it offers a good compromise between complexity and
performance. Two recursive schemes using the differential method have been
developed to compute local displacements like those encountered in rotating or
zooming scenes on either a block basis or a pixel basis [Robert et al., 1988].
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c) Motion assignment

One motion vector is assigned to each pixel of the image to be generated.
Linear motion is assumed between two successive input images.

d) Failure detection

It has to identify the pixels where measured motion is not reliable in
the sense that some risks of visible defects created by the corresponding motion
compensating interpolation exist.

e) Motion adaptative interpolation

Two types of interpolation are considered corresponding to the motion
compensating mode and the fall back mode. The choice between these two
interpolators is driven by the failure detector; pixels for which motion is
relevant (no failure detection) are generated by the motion compensating
interpolator. Pixels where motion is not reliable (failure has been detected) are
generated by the fall back mode.

Results

To assess the performance of the algorithmic procedure, a large number of
representative picture sequences in a down-scaled format (625/50 to 525/59.94) has
been processed using computer simulation. The results of these have been submitted
for expert advice and demonstrated at IBC 88 in Brighton. The opinion of experts
and visitors is that these results are excellent with performance superior to any
previously demonstrated work in this field. The demonstrated processing shows very
good performance from the point of view of both sharpness and motion rendition
with no perceptible artifacts even when reduce speed (slow-motion) is used after
conversion to look at pictures. These results form the basis of a transparent
standard conversion.

In addition it must be repeated that the computer simulations have been
carried out under the constraint of hardware design. This hardware is now in its
built-up phase.

3.2 HDTV - conventional TV standards conversion

Tests by the BBC on the field-rate conversion of picture signals, using
time-invariant (non-adaptive) interpolation, have demonstrated that an appreciably
higher quality of converted picture is attainable with conversion from an 80 Hz
field-rate to 60 or 50 Hz than when converting between 60 and 50 Hz. Conversion
from 80 Hz was judged to give a picture quality up to two grades better than 60 to
50 Hz or 50 to 60 Hz conversion with similar picture material. In each case
however, converted pictures were deemed to be inferior to pictures originated on
the output standards [Childs and Tanton, 1985]. :

A new standards converter from 1125/60/2:1 HDTV to 625/50/2:1 PAL, based
on motion-adaptive techniques has been developed in Japan. In the system, a
sequentially scanned 625/60 signal is obtained first from the original 1125/60
signal by means of a two-field interpolator or an intra-field line interpolator.
Then, field-rate conversion from 625/60 sequential to 625/50 sequential is
achieved by means of a compiex system, which selects the output of either one of
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four motion compensated processes or a linear-interpolation process. The selector
is controlled by a motion signal. Finally, the signal undergoes sequential-to-
interlace conversion [CCIR, 1982-86a].

In the Netherlands a down-converter has been made for use in the
broadcast studio environment between the HDTV 1250/50/2 system and the normal
definition 625 lines system. This function will have to be performed quite often,
when mixing material originating from an HDTV source with material shot on the 625
lines system.

The converter contains a vertical filter and a horizontal sampling rate
converter. It has both a digital Y,U,V and an analogue R,G,B input. The digital
output conforms with CCIR Recommendation 656. The change in aspect ratio from 16:9
to 4:3 is achieved by discarding the side panels.

In the broadcast studio environment there will also be a need to
up-convert the existing 625/50/2 signal to an HDTV 1250/50/2 signal. This
up-conversion can be done by a line doubling circuit which will first compress the
line time from 64 us to 32 us. Thereafter, a vertical interpolator will
interpolate the missing lines.

The up- and down-conversion between HDTV and normal definition television
will frequently be needed in a broadcast studio environment. The simple relation
between the 1250/50/2 and 625/50/2 standards has the advantage that conversion
from one to the other can be carried out with simple two or three tap filters, the
hardware complexity of which is insignificant [CCIR, 1986-90aa].

Subjective tests have been carried out in several countries using a
single stimulus subjective assessment technique and the five-grade quality scale.
Since movement rendition was a critical issue, the test pictures consisted of
moving sequences classified as "critical but not unduly so" [CCIR, 1982-86b
and c].

During tests in Japan, the motion portrayal of the converted pictures was
assessed to almost the same as that of direct PAL pictures except for the rotating
disc sequences (the appearance of scenes similar to the rotating discs was
measured as 0.04% of programme time in two Japanese television channels during one
week). In some sequences, the converted pictures were evaluated higher than the
direct PAL pictures. On average, the converted pictures were scored approximately
4.2, and the difference between the converted pictures and the direct PAL pictures
was approximately 0.35 using the five-grade quality scale in the assessment made
by experts [CCIR, 1982-86a].

Similar tests carried out in Europe have shown that the motion portrayal
quality difference between PAL direct and the converted pictures was still
perceptible (between zero and one grade). However, considering the future, the
results of the subjective assessments and an initial analysis of potential areas
of evolution of the performance of this converter, lead the EBU specialists to
believe that a quality essentially equivalent to PAL quality will be possible
within a reasonable period of time [CCIR, 1982-86c].

It was also reported that the motion portrayal quality of the PAL
converted pictures was significantly between (between 1.5 and 3.5 grades) than
motion portrayal at 25 Hz picture update rate (representative of film as scanned
by a telecine) [CCIR, 1982-86c].
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Conversion from 1125/60/2:1 HDTV to the 625/50 4:2:2 digital studio
standard has been done and the subjective assessment of the quality of conversion
with respect to motion portrayal has been accomplished recently [Wood and
Habermann, 1986]. Document [CCIR, 1986-90ab] states that for the seven scenes
studied, the loss of quality introduced by standards conversion varies from 0.56
of a grade (scene 12) to 0.98 of a grade (scene 2), the mean impairment being
approximately 0.7 of a grade. Compared to the conversion from 1125/60/2:1 to PAL
previously evaluated, the 4:2:2 conversion results show a higher average
degradation. (A mean degradation of 0.7 of a grade for conversion to 4:2:2
compared to a mean degradation of 0.5 of a grade for conversion to PAL for the
same seven scenes.) This may be attributed to the concealing effects of PAL (e.g.
cross-colour, cross-luminance) on small errors in the presentation of motion.

A production made in Canada, generally based on the parameters noted in
Report 801-2, Annex II, will be shown in the 525-1line NTSC television standard and
has already been purchased by four national broadcasters, two of which operate in
the 625-1line 50 Hz PAL standard [CCIR, 1986-90ac]. -

In Japan, HDTV has been implemented in accordance with 1125/60.00
standard, whereas NTSC system defines its field frequency as 59.94 Hz. In order to
tackle this field frequency difference between HDTV and NTSC, 1125/60.00 to
525/59.94 standard converters have been developed and put into actual use. In
carrying out that conversion, after the line rate conversion from 1125/60 to
525/60, the image data are written into frame memory storage and then read out
according to 59.94 NTSC sync by the frame skips which can be done during a
transition to commercial message, a fade to black, a scene cut, and a still
picture [CCIR, 1986-90ad].

When temporal aspects are set aside standards conversion reduces to line
rate conversion. Document [CCIR, 1986-90ae] shows that the complexity of digital
filters required for this purpose is related to the conversion ratio, L/M, where
the length of the filter is a function of the highest value of either the
interpolation factor, L, or the decimation factor, M. It was shown that with
polyphase filter structures the complexity of the conversion filter only increases
marginally in relation to the values of these factors. Document [CCIR, 1986-90af]
indicates that aliasing effects caused by decimation and interpolation can be
reduced by proper filter design and that the minimum filter requirements can only
be judged through subjective assessment.
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PART 6 - RECORDING OF HDTV PROGRAMMES

Note - For consumer use recorders, see Part 10, section 5 and Report 1233,

1. Tape systems

Note - Further information is contained in Report 1230.

a) Analogue VTR

An open-reel analogue VIR system based on a one-inch type C format has
commonly been used as the first-generation studio-use HDTV VTR. Made up of VTIRs
and a time-based corrector/processor unit, this system records for a maximum of
one hour on a one-inch oxide-coated tape loaded in an 11.75-inch reel. The system
uses component signals for input/output, and records RGB signals so that an
excellent picture quality is secured.

The analogue VTRs, based on a B-format tape deck perform component
recording featuring a 20 MHz bandwidth for the luminance component and 10 MHz for
each colour difference. One hour recording is provided on a 12.5-inch open reel
with 26 pym tapes. Time code based editing is provided. Within a window of 20 us,
the residual time base error is +3.5 ps. S/N ratio is > 40 dB unweighted.
Operating modes are record, play, shuttle, assemble and insert. Three audio
channels are available, one of them time-code compatible. Further detailed
technical information is to be found in [CCIR, 1986-90a].

b) Digital VTR

A digital VIR using metal particle tape, which has a high recording '
capability of 1.188 Gbit/s has been developed. The transport mechanism used is of
one-inch C type. The sampling frequencies of the input/output signals are
74.25 MHz for the luminance signal and 37.125 MHz for the two colour difference
signals as they are specified in the 1125/60 studio standard. This VIR is capable
of having eight digital audio channels, and is the first HDTV VIR which is
facilitated with slow-motion function.

c) Analogue cassette VTR

Analogue HDTV VTR using a %-inch cassette is being developed and some
prototype machines have already been completed. Major areas of application aimed
at with this equipment are, in addition to broadcast applications, distribution of
HDTV programmes for video theatres, educational purposes, medical uses, printing
industries and so on.

It can accommodate a luminance signal of 20 MHz bandwidth, line-
sequential colour signals of 7 MHz bandwidth and four channels of PCM sound with
48 kHz sampling and 16 bit/sample resolution. This equipment will be available on
the market around the summer of 1989.

2. Disc_systems
a) HDTV video disc player

A video disc player which offers a wide bandwidth high definition video
and two channel PCM audio has been developed. It provides a 15 min playback per
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one side of 30 cm CLV disc (in contrast to 8 min/side with CAV disc). The
bandwidths are 20 MHz for the luminance signal (Y), 6 MHz each for the colour-
difference signals (Pb/Pr). A high signal-to-noise ratio of 42 dB (Y) has been
obtained.

For the audio signal, the bandwidth of 20 Hz to 20 kHz, and the'dynamic
range of 90 dB are attained. The harmonic distortion is less than 0.05% and the
channel crosstalk is -80 dB.

b) HDTV still picture disc system

A digital disc system which reproduces HDTV digital still pictures with
CD-ROM type disc has been developed.

One disc of CD-ROM type can store 240 still pictures.A

For the audio signal, such separate CDs as available on the market can be
used in a synchronous operation mode provided by the system.

Such functions are also included as cut-change, wipe-change, up/down M
scroll and a multiplexing with segmented pictures, and enable us to give vividness
in effect as if they were moving pictures.

3. Film systems
3.1 Telecines

A frame-rate converter for HDTV laser telecine has been developed using
an experienced motion compensation technology which had been studied originally as
a development of HDTV to PAL standards converter.

In the new converter, the amount and the direction of motion in the
picture are detected from two consecutive frames of a film in a form of motion
vectors. For the detection, the pattern matching method was used.

It has been found that the problem of motion judder due to field
repetition or 2-3 pull-down in conventional telecine can be solved by using this
type of converter so that natural smooth motion in the picture can be reproduced
on video displays.

A flying spot telecine using 35 mm print film running at 25 film frames
per second, with full horizontal and vertical aperture correction, and an
advanced frame store has been developed. This offers the facility to supply the
ready made programmes from 35 mm films in the 1250/50/2:1 HDTV standard
- [CCIR, 1986-90b].

[CCIR, 1986-90c] reviews the progress in the development of equipment for
television scanning of film. Of particular significance is the introduction of
adaptive motion compensation to provide a major improvement in the portrayal of
motion. With the introduction of motion compensation the question of the best
"interface" between film and video becomes a non-issue. JIWP 10-11/4 has proposed
a revision to Report 294 to include the recent developments in television film
scanners.

3.2 CCD slide scanner

Scanning is performed progressively using a 2048 pixel/line array sensor.
Digitizing of RGB signals with 12 bit quantization is carried out. A digital gamma
correction function is implemented. The system also includes storage and
colorimetric processing operating at 72 MHz.
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REFERENCES TO PART 6

CCIR Documents

[1986-90]: a. 11/456 (Germany (Federal Republic df), Netherlands) ;
b. 11/507 (Thomson-CSF, Philips); c. IWP 11/6-2028 (CBS).

PART 7 - EMISSION OF HDTV SIGNALS
1. Satellite broadcasting
1.1 Introduction

In this Chapter a progress report of a general nature is presented
related to studies on radio frequency and emission technical parameters including
modulation, channel coding and multiplexing of HDTV broadcasting primarily from
the point of view of satellite broadcasting undertaken in consultation with
competent Interim Working Parties of Study Group 11. Such studies were undertaken
concerning the following aspects:
- narrow RF-band system with FM;
- wide RF-band system with FM;

- digitally-modulated system;

- inter- and intra-service sharing aspects from the viewpoint of the
broadcasting-satellite service;

- broadcasting techniques for several audio signals and/or data signals
associated with HDTV signals in satellite-broadcasting channels.

1.2 HDTV signal emission techniques

1.2.1 General

The important features of HDIV studio systems as envisaged in Part 3 of
this Report and relevant to the design of broadcasting systems are:

- spatial resolution in the vertical and horizontal directions of about
twice that available with Recommendation 601;

- improvements in temporal resolution beyond that achievable with
Recommendation 601 with no significant cost penalties;

- improved colour rendition;
- separate colour-difference and luminance signals;
- a wider aspect ratio with display on a large screen;
- multi-channel high fidelity sound.
The radio frequency bandwidth required is a function of the baseband
bandwidth of the coded signal. Satellite systems are power limited and it is

important that the spectral efficiency be optimized as far as possible.

The objective of any HDTV emission standard is to reproduce as faithfully
as possible the signals derived in the studio.
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The emission standards may be subject to the restrictions of planning as
is the case for the 12 GHz band which uses channel bandwidths of 24 or 27 MHz.

Alternatively, other constraints may apply if a new frequency band is
allocated in accordance with Resolution COM5/3 of the WARC ORB-88.

The technology used in these two cases may differ.

The main problems to be addressed in relation to emission techniques
are:

- noise;
- interference;
- channel distortion.

The main source of degradation to picture quality is caused by the
increased levels of noise during times when the signal is attenuated by
hydrometeors (see § 4 of CCIR Report 1075). Careful attention must be paid to the
question of trade-off between signal quality (carrier-to-noise ratio) and the time
this is achieved or exceeded. Different trade-offs may be appropriate in different
rain zones.

In the 12 GHz bands, the BSS Plans have stringent protection ratios so
that interference, at worst, is just perceptible. Any HDIV signal in these or
other bands will also have to respect this requirement. However, the sensitivity
to interference may be different because of the different type of coding and
changed viewing conditions. Also the effect of interference on digital signals may
need to be treated differently. This is discussed further in § 11 of CCIR Report
1075. ‘

The effect of channel distortions on the quality of the received signal
must also be included in the system design. Quality objectives are given in § 2 of
CCIR Report 1075.

The effects of noise, interference and channel distortion will each vary,
depending on the emission standard adopted.

The following sections describe HDTV signal emission techniques, leading
to examples of emission formats and their required radio frequency

characteristics.

1.2.2 Multiplexing and bandwidth reduction techniques

Multiplexing of luminance and colour-difference signals may be FDM or
TDM, but TDM signals are less susceptible to FM noise and differential gain and
phase when applied to BSS (see Report 1074). For this reason, most of the proposed
HDTV transmission formats use a TDM scheme.

Compression ratios of luminance and chrominance are between 2:1 and 4:1.
Colour-difference signals are multiplexed with the line-alternating method.
Adoption of quasi-constant luminance processing is effective for reduction of the
impairment caused by noise in the transmission path.

Currently proposed HDTV studio standards have a video bandwidth or bit
rate 4 to 5 times higher than the conventional analogue (Report 624) and digital
standards (Recommendation 601). There is insufficient radio spectrum to permit a &4
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to 5 fold increase in RF bandwidth, and compression techniques which enable an
HDTV signal to fit into a relatively narrower bandwidth channel, of the order of
once or twice the width of those already plamned in the 12 GHz bands, are
required.

Sub-sampling is a widely used approach for bandwidth reduction of a
signal by discarding some of the information present in the original signal
without causing serious picture quality degradation. Diagonal or quincunx
sub-sampling in the two-dimensional spatial domain is most common for this
purpose. Temporal domain sub-sampling can be applied to the diagonal sub-sampling
when further reduction of bandwidth is required for narrow-band transmission. This
method is called multiple sub-sampling or 3D sub-sampling.

Two-dimensional spatial filtering for band-reduction is also possible
without using sub-sampling technique as follows:

a sequence repeating in several line periods (e.g. 2 to approximately 4)
at horizontal rate is used in which each line has a different horizontal
bandwidth. For transmission, each line is time expanded, uncompressed or
compressed depending on the horizontal bandwidth.

’

Line-column conversion (line or field shuffling) is proposed for the
purpose of increasing the vertical sampling rate combined with sub-sampling in
case of using a rather small number of scanning lines such as 525 or 625 lines for
transmission in compatible HDTV emission systems.

In this case compatibility improvement for edge crawling in stationary
areas is done by vertical intra-field filtering.

It is also possible using appropriate digital filters to reduce the
number of lines in the transmission format (typically by 35%), by interface to
sequential scan conversion. The principle is based upon the fact that interlace
scanning, in particular, does not provide the full quality potential which can
theoretically be attributed to the relevant number of lines.

Reduction of information for the colour-difference signal is proposed by
reducing the frame rate to 12 or 15 f/s (frames per second). The same technique is
also applied for luminance signals by transmitting high spatial components with a
low temporal rate of 7.5 to approximately 15 f/s.

Motion adaptive control of pre-and post-filtering and/or sampling
structure is widely used for better picture quality.

The most simple motion adaptive coding scheme is a 2-branch scheme: one ‘
branch for low temporal activity picture areas and another branch for higher
temporal activity picture areas.

The choice of the branch, which achieves for each small sub-area of the
picture, the best possible combination of spatial and temporal information, is
signalled to the decoder via the digitally-assisted television (DATV) channel.
The choice of the branch for each pixel can also be done by motion detection at
the receiver. The 2-branch coding scheme could be improved by increasing the
number of branches.

Motion compensation techniques are also effective for the temporal
interpolation of sub-sampled signals in case of uniform motion such as camera
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panning or tilting. The effectiveness of motion compensation techniques can be
further enhanced using more extensive digital assistance, DATV, to control the
receiver. ‘

Motion detection and measurement are performed at the coder on the
uncorrupted source signal and a digital motion control signal is transmitted with
the compressed (analogue) video signal to select the decoding mode in the
receiver. Most of the complexity is now moved to the broadcaster’s transmitter
which should permit the manufacturing of lower cost, higher performance
receivers.

For all digital HDTV transmission systems, additional compression
techniques such as predictive coding (intra- and inter-field/frame DPCM),
transform coding and entropy coding can be applied, as already with conventional
digital television transmission (see Report 1089). However the higher data rates
involved with HDTV require state-of-the-art technology and studies are at an early
stage.

1.2.3 Sound and data multiplexing techniques

Due to requirements of quality and the need for secure scrambling, sound
information should be transmitted in digital form. The sound/data multiplex may
comprise several sound channels and auxiliary data for other purposes.

Adequate transmission capacity should be reserved for data services
(i.e., teletext, multilingual subtitling and others; see CCIR Report 802) which
could offer enhanced presentation features and require the adoption of suitable
error protection strategies.

The currently required bit rates are in the range from 1.35 to
3.4 Mbit/s, depending on the coding scheme and the error protection method used.
A certain amount of capacity for additional data should be provided, including
that required for any digitally-assisted television control systems and auxiliary
data intended for service identification and conditional access purposes.

1.2.4 Conditional access

Conditional access systems are necessary to make access reliably
available to those authorized to receive some, or all, of the programmes and
information carried by broadcasting satellites, while preventing unauthorized
access. Information on conditional access is contained in CCIR Reports 1074
- Satellite transmission and 1079 - General characteristics of a conditional
access broadcasting system.

The entire system architecture of a conditional access system must be
designed to provide an extremely high level of security.

Many system elements are essential to provide this security. Among them
is the use of a "strong" encryption algorithm (i.e. it should not be possible to
deduce the algorithm even when both the clear and encrypted versions of a message
are known).

Typically conditional access data will consist of a number of layers of
encrypted key information. It is sent to each subscriber in turn and is known as
"over-ajr addressing data". The required amount of data may be reduced if ’
subscribers share the same key.
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1.2.5 ModulationAtechnigues

CCIR Report 1075 gives information about various modulation techniques
for satellite broadcasting. Both analogue FM and digital modulation techniques are
discussed.

1.2.5.1 FM systems

For analogue FM, pre-emphasis is normally used to improve the S/N by
compensating for the triangular nature of the demodulated noise spectrum. New
developments have taken place which allow signal-to-noise ratio improvements for
FM by means of non-linear pre/de-emphasis. Adaptive emphasis may also be employed
for the same purpose.

Non-linear emphasis for MUSE system

When the MUSE signal is transmitted with frequency modulation, a
non-linear emphasis is effectively used. The non-linear emphasis characteristics
can be defined by the composition of the de-emphasis circuit to be used in
receivers. (See Annex II of Report 1075). An improvement of 9.5 dB in the received
unweighted signal-to-noise ratio was reported.

Compatible non-linear emphasis for C-D-D2MAC énd HDMAC

E7 is a frequency dependent instantaneous compander system. It is
"compatible" in the sense that it has no effect at low video frequencies, so the
static deviation of the FM signal is not affected. Receivers not equipped with E7
de-emphasis can display a virtually unimpaired picture from a transmission with E7
pre-emphasis. In this situation there is a slight crispening of the picture. Most
observers appear to judge this as an improvement of the picture quality. An
improvement equivalent to 4.5 dB in the received carrier-to-noise ratio was
reported.

1.2.5.2 Digital systems

Taking into account the impact of digital technology on the broadcast
field and the consumer TV market, digital modulation could be the most appropriate
technique for providing a future world-wide HDTV emission system.

Typical bit rates for coded signals range between 140 and 160 Mbit/s
(CCIR Report 1075) calling for the use of modulation with high spectral
efficiency. Suitable modulations are 4 PSK, 8 PSK, 16 QAM and even possibly
64 QAM, which give a range of trade-offs between power, bandwidth requirement and
ease of sharing.

A fundamental characteristic of these modulation methods is their greater .
ruggedness against interference compared with FM modulation. However, further
studies are necessary to evaluate the influence of a non-linear satellite channel
on system performance, especially as to high-order digital modulation (16-64
QaM) .

Another important feature of digital systems is their capability to
provide a constant high picture quality, provided a suitable margin against noise
and interference is assured, to maintain a sufficient bit error ratio.
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1.2.6 Formats for HDTV broadcasting

At the present time administrations studied the relative merits of a
number of alternative approaches to the introduction of HDTV broadcasting. The
following sub-sections are intended to reflect the views which are being
considered in each case. A consensus on one approach world-wide could be in the
public's interest and assist standardization.

1.2.6.1 Introduction of HDTV via existing conventional scanning formats

Document [CCIR, 1986-90a] explains that, along with alternative
strategies, a study is being made of what is termed an evolutionary approach to
HDTV broadcasting. In essence, an HDTV emission format would be used (termed
HDMAC) which would still allow reception, virtually unimpaired, on
625/50/MAC/packet DBS receivers. In other words the system would be compatible to
the European DBS services planned to begin in 1987/1988. For minimum impairments
to picture quality, a single HDIV studio standard having adequate headroom, using
a field frequency conforming to the MAC/packet standard, and having preferably
twice the number of active lines, is desirable [Sandbank and Stone, 1987; Storey,
1986].

1.2.6.2 Direct introduction of HDTV via a non-compatible scanning format

Document [CCIR, 1986-90b] notes that for HDTV broadcasting using a
scanning format as specified in § 1.1 of Part 5.1, the MUSE system has been
developed. Some administrations believe that by this method few limitations are
imposed for full utilization of the system, as restrictions due to compatibility
do not exist and as a result, new technology can be used to optimize the emission
system; the picture quality is expected to be superior to that of the compatible
approach within the same RF bandwidth.

1.2.6.3 Introduction of HDTV via agile conventional receivers

Documents [CCIR, 1986-90c and d] describe a scenario which could lead to
a common world-wide HDTV broadcasting chain, and, nevertheless, give room for an
evolutionary development of present day television systems. If receivers were
developed, and made publicly available, which could automatically configure to
either a 625/50 MAC/packet or a 525/60 MAC/packet signal, then, at a later date, a
60 Hz/HDMAC system could be introduced, in the confidence that normal receivers
would still receive a normal service from the HDMAC signal. Conventional
television production and emission could be at either 50 or 60 Hz.

1.3. HDTV satellite-broadcasting systems and spectrum considerations

1.3.1 Narrow RF-bandwidth

1 Narrow RF-band HDTV systems are intended for transmission in the planned
12 GHz bands where both channel bandwidth and protection ratio requirements need
to be met. These kinds of systems require extensive signal processing, thus added
system complexity, to achieve relatively high degrees of bandwidth compression in
order to allow the HDIV signal to fit into a single 24/27 MHz channel. However,
for these systems, the resolution in moving areas of the picture will be
approximately one half of the resolution for static pictures. Studies indicated
that an extremely high bit rate compression (10:1) would be needed to fit a fully
digital HDTV signal in a 24/27 MHz channel. Narrow RF-band HDTV systems are
therefore considered to use analogue modulation.
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1.3.2 Wide RF-bandwidth

In order to be free from the limitations inherent in narrow RF-band
systems and to be able to provide improved system performance (e.g., picture
quality and motion portrayal as close as possible to that of the studio signal),
it will be necessary to increase the video baseband bandwidth and consequently the
RF bandwidth. Such wide RF-band systems, for which both analogue and digital
modulation are considered, require an RF channel bandwidth typically in the order
of 50-120 MHz. These bandwidth requirements are such that wide RF-band systems
could only be implemented in a frequency band not subject to the planning
constraints of the 12 GHz bands except for some countries in Region 2.

1.3.3 Inter- and intra-service sharing

The study of sharing will put constraints on HDTV emission standards, but
there is no evidence to link sharing considerations directly with any choice of
studio standard.

When considering interference into other systems, the most important
parameter is whether analogue or digital modulation is used. Other factors are
less important.

Interference into HDTV systems will be affected not only by the choice of
analogue or digital modulation, but also by the receiver processing associated
with any bandwidth reduction or bit rate reduction techniques which may be used.

Some guidance may be appropriate to help in the choice of the studio.
standard. It is important to avoid low useful energy content in specific time or
frequency slots of the emission signal format.

Sections 1.3.3.1 and 1.3.3.2 give results of recent studies on sharing.

1.3.3.1 Interference within the same service

Sharing within the HDTV service is discussed in Report 1075 and the CCIR
report to the Second Session of the WARC ORB-88.

Not .all protection ratios for the various candidate HDTV systems have yet
been determined. Further study is required on this important subject not only for
the case of interference assessment between HDTV transmissions but also for
interference assessment between HDIV and conventional formats such as NTSC, PAL,
SECAM and MAC. For HDTV systems intended for use in the 12 GHz band, protection
ratios must comply with the requirements of the WARC BS-77 and the RARC-83.

It is expected, however, that for analogue HDTV systems, the co-channel
protection ratios will be of the same order as for coventional systems and will
also be less as the frequency deviation is increased.

HDTV systems using simple digital techniques (e.g., BPSK or QPSK) will be
more tolerant to interference and cause less interference to analogue systems than
‘analogue systems. High order digital systems (such as 16 QAM) may not show the
same advantages. The main parameter that needs to be considered in the digitally
modulated systems that may have some bearing on spectrum usage is the required bit
rate. Reducing the bit rate would be in line with efficient spectrum use.
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1.3.3.2 Sharing with other services

Sharing with other services is discussed in Reports 631, 807 and 951, and
in the CCIR report to the Second Session of the WARC ORB-88.

In Resolution COM5/3, the WARC ORB-88 extended the range of frequencies
to be considered as possible candidates for a new HDTV band to include 12.7 to
23 GHz.

Studies of sharing with the services in this range have not been
completed. Recent studies by ESA at frequencies of 20 GHz provide new information
on the prospects, as well as the problems, of sharing between the BSS and other
services.

1.4. HDTV receiving techniques
1.4.1 Satellite broadcasting receivers

Note - For consumer-use receivers, see Part 10, section 3.

1.4.1.1 Required figure-of-merit for the receiver

The link budgets of the HDTV satellite broadcasting down link and its
general equation are described in § 9 of Report 1075.

According to examples of link budget for various transmission systems, as
shown in Table IX of Report 1075, it is considered that receiver figure-of-merit
is appropriately 13 dB for 12 GHz, and 17 dB for 23 GHz.

Required power flux-density which gives an acceptable quality of
reception depends on various parameters such as satellite e.i.r.p., size of the
service area, acceptable time of service degradation vs. rain attenuation. It is
noted that the choice of the required e.i.r.p. of the figure-of-merit depends on
the emission signal format and type of modulation, including the effect of
emphasis. :

In order to achieve the desired e.i.r.p., a high power travelling wave
tube (TIWT) is necessary. Recent studies predict that an output power of 500 W will
be possible for space-qualified TWTs in the 20 GHz band within a ten year time-
scale.

1.4.1.2 Figure-of-merit

The figure-of-merit of the receiving equipment depends on the antenna
gain and noise figure of the receiver.

There is a compromise to resolve the problem of using higher frequencies:
if the antenna diameter is maintained constant, there is a rapid increase in the
pointing accuracy needed. Whilst, if it is reduced in proportion to the
wavelength, there is a severe reduction in antenna aperture. It is also noted that
the effect of the noise increase due to rain attenuation shall not be neglected
for calculation of the figure-of-merit.

Referring to Report 473, the most commonly accepted receiver noise figure
in the 12 GHz band is between 2.5 and 4 dB. With recent advancement of
semiconductor devices such as the high electron mobility transistor (HEMT), 1.5 dB
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noise figure is now available. Therefore, a figure-of-merit based on a 2.5 dB
noise figure is appropriate as a conservative value, and even 1.5 dB would be
possible, enabling the use of smaller antennas.

A large number of low-noise amplification elements which can be applied
for the 20 GHz range are being developed, with special interest in the HEMT. At 20
GHz using HEMTs, a single-element noise factor (NF) of 1 dB and amplifier NF of 2
dB have been achieved.

Results of figure-of-merit calculation based on the above conditions are
given in Table I, calculated according to the definition of the usable figure-of-
merit given in Annex I to Report 473 neglecting, however, pointing loss,
polarization effects and equipment aging.

TABLE I

Example of figure-of-merit

Frequency (GHz) 12 23 42
Antenna diameter (m) 0.9 0.9 0.5
Half power beamwidth (degree) 1.9 1.0 1.0
Antenna gain (dB) (n = 65%) - 39.2 44 .6 44 .2
Noise figure (dB) 2.5 4.0 7.0
Figure-of-merit (dB(K-1)) 13.1 (1)f17.0 (2)| 12.2

(1) A 16 4B (K‘l) figure-of-merit is expected assuming 1.2 m diameter antenna
and 2.5 dB noise figure in clear sky.

(2) An 18 dB (K’l) figure-of-merit is expected assuming 0.9 m diameter
antenna and 4 dB noise figure in clear sky.

1.4.1.3 IF and demodulator Stagev

For the analogue system, the IF and demodulator stage for HDTV reception
is very similar to the conventional TV demodulator, as has been verified with a
number of receivers and field tests. Whereas a conventional discriminator is
commonly used, a threshold extension demodulator (phase-lock loop or adaptive
filter, etc.) may also be used and offers up to approximately 3 dB of threshold
improvement for FM systems.

For an overall digital signal, it is expected that the error performance
can be improved by using complex decoding strategies.

1.5 Example of HDTV satellite emission systems
1.5.1 Example of HDTV formats and their required RF bandwidth

Table II gives examples of HDTV transmission formats. The first two
examples are for narrow RF bandwidth systems described in § 1.3.1.
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luminance
colour difference

Type of coding

Compression method

Maximum lumlnanzi
and width (MHz)(2)
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TABLE I1

Charecteristics of example HDTV satellite broadcasting systems

System 1 (MUSE)
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sub-sampling
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none
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Digital assistance
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Coded video
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TABLE II. (continued)

Characteristics of example HDTV satellite brosdcasting systems

System 1 (MUSE)
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1.50r 3
15
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27
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included above
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2.5
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To be.-pacltiad
To be specified
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Digital
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(e) 16QAM
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18

(4]
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adout 12nbitss
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Digital

(a) 4PSK

(b) 8PSK

(c) 16QAM ‘

“a) 81 b) 54 ¢) 17

(134

~doy

y-L08
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Notes to Table II:

(1) Display in an HDTV receiver would normally be after suitable
up-conversion, for example, 1250/100/2:1, (lines/field rate/interlace).

(2) Some loss of resolution will occur in moving areas of the pictufe,
related to the nature and/or speed of motion, this will be much less for
wideband systems.

(3 -6 dB point for overall transmission path.

4) Source format.

(5) During digital transmission periods.

(6) Compatible with MAC/Packet family of CCIR Report 1073.
(7 Reduction in mean quantization accuracy, bits/sample.

(8) Shaping factor 1.5.

The remaining examples are for wide RF-bandwidth systems described in
§ 1.3.2 and require a wider bandwidth which could possibly be accommodated in the
23 GHz band (in Regions 2 and 3) or in a suitable new world-wide frequency band
yet to be allocated.

The third and fourth columns show the possibilities for various analogue
systems (including MAC/packet compatible systems) intended to give good quality
but their bandwidth requirements are such. that they could only be implemented in a
frequency band not subject to the planning constraints of the 12 GHz band. A band
in the 20 GHz range suitable for wide RF-bandwidth systems is therefore
suggested.

1.5.1.1 MUSE (system 1) [Ninomiya et al., 1987]

System 1 is the MUSE system developed in Japan for HDTV broadcasting
using a single planned channel.

Properties of the human visual system are effectively taken into the
design. The technique of motion compensation is applied for the purpose of
improving the effect of subsampling in the case of uniform movement in the
picture.

The baseband signal bandwidth is 8.1 MHz. It uses 4:1 dot-interlaced
subsampling which employs inter-field and inter-frame offsets.

A technology for analogue sampled value transmission is used including
automatic waveform equalization at an encoder and a receiver.

Basic video characteristics of MUSE system are summarized in Table IIT.
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TABLE III — Basic video characteristics of MUSE system

System v . » motion-cohpensated wultiple subsampling system
description : (mulctiplexing of Y and C signals 1s done in TCI format)
Scanning rate 1125 1lines/ 60 fields/ 2:1 interlace
Bandwidth of transmitc-
ing baseband signal 8.1 MHz )
Sampling clock rate 16.2 MHz

Y signal 22 MHz  (for stationary portions of picture)
Reproduced . 14 MHz (for moving portions of picture) *
signal -
bandwidth C signals 7.0 MHz (for stationary portions of picture)

3.5 MHz (for moving portions of picture) *

Synchronizing signal positive polarity with respect to video signal polarity

* These values should be 16 MHz for Y and 4 MHz for C respectively,
if a perfect digital two-dimensional filter could be used.

Figure 1(a) shows the filter arrangements for the luminance signal, in
which different paths are illustrated for stationary portions and moving portions
of the picture. Figure 1(b) shows the filter arrangement for the colour-different
signals. These are shown separately just for simple explanation. In the actual
encoder, however, the luminance and the colour-dif{ference signals are combined
into a TCI signal, and processed simultaneously. The luminance signals for
stationary portions and for moving portions are also mixed into a single signal in
the process. Therefore, the output signal is a single MUSE signal.

Figure 1(c) intends to show the sampling pattern applied in the MUSE
system, and original sampling frequency is taken as 48.6 MHz. However, in the
actual encoder, a frequency conversion from 44.55 MHz to 48.6 MHz takes places
before the original sampling. This is shown as "TC" in Figures 4(a) and 4(b).

Figure 2 shows transmissible range in the spatial frequency domain. In
this case, the frequency conversion mentioned above has already been taken into
account.

Figure 3 shows the video signal in TCI format used in the system.
Figure 4 shows structure of MUSE signal.

The control signals, including motion vector, and digital sound/data
signals are multiplexed into the baseband video signal during the field-blanking
period as shown in Figure 4.

Sound/data signals are transmitted by inserting them into the field-
blanking period. The baseband multiplexing has been adopted with advantages
including suitability to cable distribution systems. The.bit rate is 1.35 Mbit/s,
and either four channels of 32 kHz sampled sound signal or two channels of 48 kHz
sampled signal can be transmitted by the use of the technique.
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In this system, differential PCM signal is near-instantaneously
companded. The sound quality of the resulting signal with 32 kHz sampling and
15-to-8 bit companding is slightly better than that of 14 bit uniform PCM with 32
kHz sampling. '

With this method, two channels of 20 kHz bandwidth, 16 bit PCM quality
sound can also be transmitted as an alternative by 48 kHz sampling 16-to-11 bits
companding within the same channel capacity.

A synchronization system which provides an accurate resampling phase is
used. A positive synchronization signal eliminates the synchronization pulse loss
of 3 dB. The line-sychronizing signal is shown in Figure 5(a) and the frame-
synchronizing signal in Figure 5(b).

Non-linear emphasis is applied to improve emphasis gain, up to 9.5 dB.
Quasi-constant luminance processing is applied.

Using this method, crosstalk between the chrominance and the luminance
signal can be reduced remarkably, and the S/N for highly colour-saturated pictures
can be improved. This leads to a lower necessary received C/N of about 17 dB at
the threshold perceptible level of noise.

Characteristics of non-linear emphasis and quasi-constant luminance
processing of the MUSE are described in Annex II to Report 1075.

An experiment of HDTV transmission through a single television channel
(27 MHz bandwidth) of BS-2 is being carried out in Japan using the MUSE system as
shown in § 1.5.2

This technique of bandwidth compression can also be applied to other HDTV
equipment. Such equipment of consumer use as VIRs and video-disc players using
MUSE, have already been developed.

Relationship between picture quality and waveform distortion of the
MUSE signal has been investigated. It has been made clear that for the MUSE
system the relationship between distortion in the transmission path and the
received picture quality can be formularized by an application of the logistic
function [CCIR, 1986-90e].

Two measuring instruments have been developed for the purpose of making
measurement easier during HDTV broadcasting through a broadcasting satellite.

A new instrument for checking C/N ratios has been developed in which
the noise power is measured at a little bit outside the band of the channel.
This instrument can be used with any television system including HDTV.
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TC : time compression

sP H stationary portion

MP : moving portion

IEF interfield prefiltering
IAF ¢ intrafield prefiltering
vos : field-offset subsampling
Pl 12 MHz low-pass filtering
LP2 16 MHz low-pass filtering
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sampling frequency conversion
FOS : frame-offset subsampling
10 : line-offset subsampling
INY luminance signal input
INC colour-dffierence signal input
OUTYS : luminance signal output for staionary portioms
OUTYM : luminance signal output for moving portions
ouUTC colour-difference signal output
SPP : signal pr ing procedure -
SPT sampling pattern
0s : original sampling
(IBF) : invert by frame

-0 - odd field
—-@-- even field
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FIGURE 2 - Transmissible range in spatial frequency domain

(2) Original sampling
(b) Interframe and interfield interpolation for statiomary portioums
(c) Intrafield interpolation for moving portions
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In order to measure audio bit error rate on receiving a normal
broadcasting a new instrument has been developed. It is equipped with two modes of
measurement. One utilizes the frame synchronizing code, the other the error-
correction code. The former counts error bits of the frame synchronizing code of a
16-bit fixed pattern which is transmitted during an interval of one millisecond.
The latter counts error bits detected with the error-correction code in each audio
data block which is transmitted at a rate of 16 blocks/millisecond
[CCIR, 1986-90f].

The digital transmission of MUSE signal is possible. For this purpose, a
MUSE DPCM system has been developed as described in section 3.3.3 of Part 9
[CCIR, 1986-90g].

1.5.1.2 The HDMAC/packet system (system 2)

1.5.1.2.1 Design consideration

HDMAC is designed. to meet the highest quality criteria to allow the
introduction of HDTV services on existing MAC/packet services, or directly as new
services. [CCIR, 1986-90h,i] describe the design consideration of HDMAC bandwidth
reduction.

These include the performance of the system with respect to the received
HDTV picture quality, the full utilization of.current technological capabilities,
the feasibility of system development as technology advances, and the economic
viability and suitability of the system with respect to its adoption, and
subsequent use, by broadcasters and viewers. As a consequence, receiver
manufacturers can produce and market HDMAC receivers as an extension to their
product range, without making existing products obsolete. Additionally, the HDMAC
product range is broadened by the potential for display up-conversion. The use of
DATV significantly reduces the complexity of HDMAC decoders, and therefore their
cost; and makes their behaviour uniform, regardless of channel distortions.

HDMAC is optimized to allow HDTV services on WARC BC-77 emission
channels (1), while preserving the compatibility with the MAC/packet system.

These constraints involve the EUREKA 95 project in global tradeoffs
between the receiver complexity, the quality of the high-definition picture,
generated with the 1250 line/50 field scanning standard, and the quality of the
compatible picture viewed on domestic MAC/packet receivers.

This system is designed to employ spectrum folding, subsampling and
motion adoption to preserve the resolution of both static and tracked motion for

high-definition reception [Hurault and Arragon, 1988].

1.5.1.2.2 System description

The specification in Europe of a high-definition television system
(HDTV), studied in the context of the European EUREKA 95 project, is based for its
complete description, on the specification of the MAC/packet family which is
presented in Report 1073 [CCIR, 1986-90k].

The time division multiplex is used for picture/sound/data multiplexing
for HDMAC transmissions which include two members of the MAC/packet family:
D-HDMAC/packet and D2-HDMAC/packet systems. These two systems are suited for use
in satellite broadcasting and any transmission medium which guarantees a baseband
of about 11 MHz:
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1.5.1.2.2.1 Structure of the multiplex

The structure of the multiplex is based on a 40 ms digital frame which
contains 625 lines of 64 us each. The multiplex is composed of three main
components (see Fig. 6): :

- the HDMAC vision signal;

- the line blanking interval (LBI) data burst, which carries the sound/data
multiplex;

- the field blanking interval (FBI) data burst, which carries the DATV/data
multiplex.

1.5.1.2.2.2 Sound

Sound is coded according to the MAC/packet specification. The available
capacity in the LBI is equivalent to four high-quality or eight medium-quality
sound channels compatible with MAC/packet for the D2 system and eight high-quality
or sixteen medium-quality sound channels compatible with MAC/packet for the
D system.

1.5.1.2.2.3 Vision

Document [CCIR, 1986-901] gives the baseband characteristics (summarised
in Table IV). The modulation parameters of the emitted HDMAC signal are given in
Tables II and V.

1.5.1.2.2.4 General video characteristics of the HDMAC vision signal

See Table IV.

1.5.1.2.2.5 Bandwidth reduced signal

Multi-branch coding is used for HDMAC band reduction [Vreeswijk et al.,
1988; Arragon et al., 1988; Pele and Choquet, 1988].

In order to select the optimum HDMAC BR (bandwidth reduction) algorithm,
the subjective assessment of picture quality, together with other factors has been
considered.

Document [CCIR, 1986-90h] reports on the subjective assessments that were
performed by five laboratories throughout Europe and that led the Eureka EU 95
project to select the final HDMAC bandwidth reduction system. Seven candidates’
algorithms were evaluated. Eight scaled-down moving picture sequences were used
covering a range of possible source material (originated in 1250- and 625-line
interlaced video cameras, 25 and 50 pictures/s film). For the tests a double
stimulus method was used with continuous graphical quality-scaling (in line with
IWP 11/4 methods). The ranking order for the seven algorithms was generally the
same for each of the five laboratories that undertook the tests and there was a
high degree of correlation for the quantitative differences between the mean
grades. The results gave confidence in the method and the validity of the ranking
order.
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The HDMAC BR codec uses three luminance coding branches, all using
quincunx subsampling lattices;

- an 80 ms branch with HD resolution for stationary areas;

- a 40 ms motion compensated branch for velocities up to 12 samples per
40 ms;

- a 20 ms branch for rapid motion and sudden picture changes except when in
25 picture/s film mode.

The transmissible range of spatial frequency is given in Fig. 7 for all
modes. To carry the information contained in a 1250 line HD system through a
625 line MAC/packet channel, a process, termed "shuffling", is used.

The 40 ms branch is motion compensated. One motion vector is emitted for-
each block of 16 samples by 16 lines on the HD grid via the DATV data.

The HDMAC BR codec uses three colour-difference coding branches, the
first and third using a quincunx, the second an orthogonal subsampling lattice:

- an 80 ms branch with HD resolution for stationary areas;
- a 40 ms branch for rapid motion and sudden picture changes;

- a 20 ms branch for rapid motion and sudden picture changes, except when
in 25 picture/s film mode.

The transmissible range of spatial frequency is given in Fig. 8 for all
the modes. Intra-field shuffling is used for the 80 and 20 ms branches and inter-
field for the 40 ms branch.

A film mode option is implemented, which only activates the 80 and 40 ms
branches. In this way maximum benefit is taken from the knowledge that
25 pictures/s film is the source material.
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TABLE IV - General video characteristics of the HDMAC vision signal

Number of emitted lines per picture : 625
Number of fields per second : 50
Interlace ratio : 2:]
Analog bandwidth approximately : 11 MHz}
Aspect ratio : 16:9 (associated with panning
information for compatible .
4:3 displays).
Compression ratios
luminance : 3:2
colour difference : 31
Sampling frequency : -20.25 MHz2

High definition reception :
l.uminance resolution

horizontal
statlc and tracked motion : 620 c/apw3
untracked moton : 310 c/apw
yertical
statle ¢ 400 c/apw3
motion : _ 200 c/apw
Compatible reception :
Samples per active lines _
luminance : 697
colour difference : 349

Note 1 : Allowing for practicable Nyquist filter
Note 2 : Conventional MAC sampling frequency
Note 3 : Cycles per active picture width/picture height

TABLE v - HDMAC modulation parameters for DBS

Nominal vision signal bandwidth:  10.125 MHz a1 -3dB

Nominal channel bandwidth : 27 Milz

Modulation : ™M

Polarity of frequency modulation:  positive

DC component ; preserved

Pre-emphasis characteristics: non lincar process applied only to

HDMAC samples and linear
applied to all the multiplex (same

as for MA

Freyuency deviation : 13.5 MHz at the cross-over
frequency of the linear pre-emphasis
network (1.37 MHz).

Energy dispersal : , triangular frame synchronous

waveform (corresonding carrier
deviation : 600 kHz peak-to-peak)
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The branch selection information is conveyed, after formatting by the
DATV data [Storey, 1986].

DATV information that contains the branch switching signal allows for
1,700 possibilities, coded in 11 bit long codewords. The five route/80 ms period
coding results in a bit rate of 891 kbit/s. The colour-difference switching '
information is derived from the luminance DA data.

Compatibility improvement for edge crawling in stationary areas is done
by vertical intra-field filtering, with an attenuation of 6 dB.

The HD-MAC scheme has been optimized to meet the highest quality criteria
for both the high definition picture and the compatible picture, based on an :
interface scan picture input.

Document [CCIR, 1986-90m} reports how the use of progressive scan picture
with quincunx sampling at the input of an HD-MAC encoder (the input stages of
which have been modified to handle both interlace and progressive inputs)
produces improvement of both the high definition and compatible picture quality.

In particular, progressive scan input allows the removal of certain
vertical/temporal aliasing from the signal passing through the 20 and 40 ms
branches and increases the stability of the motion estimation and branch decision
(by this way, a lower proportion of the moving pictures uses the 20 ms branch).

It is stressed also that a progressive input affects to a limited extent
the architecture of the HD-MAC encoder, but does not affect the HD-MAC
specifications at all.

The experiments carried on simulation and taking into account the
hardware architecture modifications (allowing at the same time interlace and
progressive inputs) result in a perceptible improvement of the high definition
global picture quality and a noticeable improvement of the compatible picture
quality, especially in the areas where 40 ms and 20 ms branches are used
[CCIR, 1986-90m].

1.5.1.3 System 3

System 3 is proposed as a development of HD-MAC for a wideband
RF-channel of up to twice the bandwidth of the existing planned channels. It would
provide improved high-definition quality, possibly with a simplified receiver.
There are two options, one based on 54 MHz sampling which would be compatible with
System 2 HD-MAC receivers and one based on 72 MHz sampling which would provide
higher performance with much greater use of DATV, but is not completely
compatible.

1.5.1.4 System &4

System 4 is a non-compatible 60 Hz based system using 2-field offset sub-
sampling. This system offers higher spatial resolution both for static and moving
area compared to MUSE. Required RF bandwidth is between 45 to 54 MHz
[Document CCIR, 1986-90n].

1.5.1.5 System 5

System 5 is an all-digital example which is not compatible with
MAC/packet receivers, but retains compatibility at source with the CCIR
Recommendation 601 625-line standard. Using 4-PSK modulation, the required
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bandwidth could be as high as 120 MHz, but if 16 QAM were used an RF-bandwidth
between 50 and 60 MHz is possible.

1.5.1.6 System 6

System 6 is an all-digital example based on the combination of predictive
coding and DCT for emission of 1125/60 studio signals. Total bit rate of this
system is 135 Mbit/s. Using 4-PSK and 8-PSK modulation, the. required RF bandwidths
are 81 MHz and 54 MHz respectively. However RF bandwidth of about 40 MHz is
possible using 16-QAM. This system can be applied for the transmission using Hy
level of B-ISDN [CCIR, 1986-90n].

1.5.1.7 Other systems under development

1.5.1.7.1 HDS-NA

This is a time multiplexed analogue component satellite transmission
format. A sequence repeating in four line periods at horizontal rate is used to
transmit the components which result from processing. These components include:
16.8 MHz luminance information (time-expanded), reduced bandwidth uncompressed
(9.5 MHz) luminance, two line difference signals representing luminance minus the
average of the line before and the line after, low pass filtered, two alternate
line chrominance signals compressed 2:1 and 4:1 alternatively, and a burst of
digital audio for two stereo pairs with two level coding. Resolution is 480 lines
per picture height (L/PH) vertical and 495 L/PH horizontal. The baseband bandwidth
is 9.5 MHz, recommended deviation is 12 MHz/V peak in an IF bandwidth of 27 MHz.
Weighted S/N of 48 dB is produced by a C/N of 17.7 dB.

1.5.1.7.2 HD-B-MAC

Intended for satellite transmission, an enhancement of the CCIR B-MAC
standard, it is compatible with standard B-MAC decoders, which produce an NTSC
output. Pan/scan compatibility is implemented. 2:1 decimation is performed to
provide a high resolution 525-line signal which is sub-sampled at alternate sites
on adjacent lines, filtering diagonal information. Spectrum folding provides
extended luminance resolution while reducing baseband bandwidth. Luminance
multiplexing compression is 3:2. Similar processing is applied to the chrominance
signals, which are compressed 3:1. Luminance resolution is claimed at 954 L/PW
horizontal and 480 L/PH vertical. The receiver is expected to employ adaptive line
doubling. Baseband bandwidth is 10.7 MHz.

1.5.1.7.3 Spectrum compatible HDTV

This system is designed for use on terrestrial channels. Proposed is
transmission of HDTV processed from a 787.5/59.94 progressively-scanned source
through two 3 MHz bandwidth component pairs and a data channel.

For satellite transmission, these components, of which there are
262.5 pairs, each 63.5 us, are time division multiplexed, with a maximum baseband
bandwidth of 6 MHz.

A data channel, which is time division multiplexed in the equivalent of
the NTSC vertical blanking intervals, describes low frequency component video
below 200 kHz, synchronization, and a stereo pair with SAP channel. Luminance is
processed in four spatio-temporal bands, from 59.94 Hz frame rate for low
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frequencies, to 11.988 Hz for high frequencies. Colour difference signals are
refreshed at 11.988 Hz and at one third horizontal and vertical resolution of
luminance. The system, designed for a 5:3 aspect ratio with 16:9 possible, claims
static resolution of 720 L/PH vertical and 1020 L/PW horizontal.

As a result of the spectrum efficiency obtained through the digital
transmission of low frequency average picture information, a 3 to 5 dB improvement

in noise performance over the same NTSC transmission link is claimed.

1.5.1.8 Downward compatibility

Compatibility is defined as follows:

A new emission standard is "compatible" with an already existing emission
standard if signals according to the new standard can be received and displayed,
without additional equipment, with receivers designed for the existing standard.
The quality should be about the same as the quality when a signal according to the
already existing standard is emitted.

One approach for compatibility between conventional television and high-
definition television is two-channel transmission systems. All signals necessary
for receiving by conventional receivers are carried out by one of the two
channels. The augmentation channel carries the additional information to permit
picture reconstruction of HDTV.

In a system proposed in North America by the New York Institute of
Technology (VISTA), an augmentation channel providing high spatial and low
temporal resolution is proposed, to be combined with the high temporal resolution
of the NTSC picture. Aspect ratio is 16:9 or 5:3, achieved by reducing horizontal
blanking and decreasing the number of active lines. Static resolution is 800 lines
horizontal and 900 lines vertical. The augmentation channel is transmitted as time
multiplexed components, with a bandwidth of 5.3 MHz. Two satellite channels are
suggested for transmission.

In Europe, active studies are under way concerning HDTV systems which can
be received compatibly by MAC/Packet receivers, with the normal quality of the
latter signals. If the high-definition television signal possesses characteristics
at the low frequencies of the spectrum identical to those of the existing MAC
signals as in two of the examples of Table II, compatibility between the two types
of service will be possible.

[CCIR, 1986-900] indicates that the choice in the European Community
is for a system which is compatible with the MAC/packet family of transmission
standards. Compatibility with the European DBS emission standard is considered
vital for the commercial introduction of high-definition television programmes,
allowing consumers to see HDTIV broadcasts on their conventional DBS sets and to
make a choice of when to upgrade to HDTV. MAC/packet compatible HDTV (HDMAC)
was demonstrated at IBC Brighton and with further use of digital assistance
techniques. Experts in Europe are confident that compatible HDIV can at least
match the quality of non-compatible systems using similar bandwidth transmission
systems. With the development of consumer equipment to this HDMAC standard,
probably with displays operating at 100 Hz, the options of the consumer

receiving DBS programmes will range from 4:3 PAL/SECAM and MAC to 16:9 MAC and
HDMAC.

The EBU [CCIR, 1986-90p] would support the HDMAC system provided that it
achieves an acceptable balance between HDTV and compatible MAC picture quality,
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provides full service continuity for data services, provides compatibility with
the WARC-77 Plan and provides compatibility with MAC/packet receivers.

Although the MUSE system is not downwardly compatible with conventional
TV systems, MUSE to 525-line standards converters intended for use with consumer
receivers have been developed by using VLSIs (see Part 10, section 4). The
resultant 525-line picture from this converter has, on average, higher quality
than the normal picture originated with NTSC standard, although it has some edge
flicker, with less interference than that caused by the NTSC cross-colour. It has
a simple circuit construction and it will be made available at a lower price. The
development of this MUSE to 525-line standards converter gave some prospect to
HDTV broadcasting in the 1125-line systems which can be received utilizing
conventional 525-1line receivers [CCIR, 1986-90q].

1.5.2 Experiment and demonstrations of HDTV satellite broadcasting systems

A satellite transmission experiment of the MUSE signal was carried out in
1986 on a single 12 GHz WARC BS-77 channel by using the 100 W Japanese
broadcasting satellite in operation, BS-2.

Modulation parameters and link budget for transmission are reported in
Tables III and IV.

In this way a C/N of around 17 dB was obtainable for 99% of the worst
month in most of Japan with antennas in the range of 0.7-0.9 m in diameter. This
gave good picture quality. Further details are described in Annex V of
Report 1075.

The experiment was also carried out in seven rounds from 1987 to 1988,
using the BS-2b broadcasting satellite in operation.

The eleven Japanese television receiver manufacturers and NHK took part
in the experiment. The MUSE signals were received and measured in Tokyo, Osaka,
Nagoya, and their vicinities.

All the receivers produced by the manufacturers participating in the
experiment showed good reception capability of MUSE signals. The signals were
received with little aliasing and little ringing. Tests for sound mode switching
controlled with codes also went well.

The tests produced received C/N ratios of 17 to 21 dB under clear
weather, which were corresponding to, or better than, the limit of perception for
noise impairment. The S/N ratios of baseband signal demodulated with the tuners
were almost coincident with theoretical values (C/N + 11.9 dB).

Bit error ratios of digital sound/data signals were 10-3 or better at a
C/N of 10 dB. They were measured under a low C/N condition deliberately provided
with an attenuator inserted after the receiving antenna. No extreme picture
degradation was observed with this C/N condition of 10 dB.

Picture quality was evaluated as more than grade 4 in the 5-grade scale
using test materials extracted from HDTV programmes and still pictures. The sound
was evaluated as grade 5 for all cases.

The modulation parameters used in this experiment were confirmed as
adequate for practical use.
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It was also confirmed that the DBS tuner developed for the reception of
conventional television could be used for that of HDTV with minor modifications.

Further demonstrations took place in Japan in 1987 using the present
BS-2b on a time-sharing basis with the current transmission of the conventional
television broadcasting service and another demonstration in Canada and the United
States in October 1987 using Anik-C and RCA-K1 communication satellites delivering
the signal to seven cities.

Among other programmes broadcast in HDTV, the most attractive event was
the Seoul Olympic Games in 1988. At opening and closing ceremonies, live satellite
broadcasting using BS-2b was carried out with HDTV programmes relayed through the
Intelsat to Japan from Seoul, Korea. Other sporting events were recorded on video
tape and also broadcast in HDTV through the BS-2b satellite the next day. The
total amount of broadcasting was 73 hours 20 minutes in 17 days.

The broadcasts were received with parabolic antennas of 75 cm to 160 cm
in diameter depending on the location, and pictures were demonstrated at
81 locations throughout Japan in department stores or public facilities by using
205 various display equipments. About 3.7 million people in total observed HDTV,
and were impressed with the excitement of the games conveyed by HDTV.

TABLE VI

Modulation parameters for MUSE to supplement Table IT

Sound and data signal modulation

Polarity of frequency modulation
DC component

Pre-emphasis characteristics
Energy dispersal (kHz)

ternary PCM multiplexing in field-
blanking period

positive
preserved

Non-linear emphasis
triangular frame synchronous
waveform
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TABLE VII

Link budget for MUSE transmission of 1125/60 system

Frequency (GHz) 12
Type of modulation 348
Equivalent RF bandwidth (MHZ) 27
C/N (exceeded for 99% of the worst month) (dB) 17.0
S/N unweighted (dB) 39.0
Figure of merit G/T (dB/K) 16.0
Required power flux-density (edge of beam -

exceeded for 99% of the worst month) (dBW/mz) -110.5
Free-space attenuation (dB) 205.6
Rain attenuation (dB) 2.0
Atmospheric absorption (dB) 0.1
Feeder-link noise contribution (dB) 0.3
Edge of coverage of area factor (dB) 3.0
Required e.i.r.p. from satellite (beanm

centre) (dBW) 57.7
Satellite antenna beamwidth (-3 dB) (degrees) 1.3 x 1.8
Satellite antenna gain (beam centre) (dBi) 40.0
Losses (feeder, filters, etc.) (dB) 2.3
Required TWTA power (dBW) 20.0

(V) 100

[CCIR, 1986-90r] describes the D2-HDMAC compatible emission system. This
document reports on transmission by means of the French satellite Telecom 1C
during the IBC demonstration in September 1988. The D2-HDMAC/packet multiplexer,
demultiplexer and the satellite transmissions are outlined. Furthermore, the
document gives the structure of the data multiplex, where the available bit rate
for the digital assistance data is 1.164 Mbit/s. A 656+ interface, the
synchronization, Nyquist filtering, non-linear pre-emphasis and de-emphasis are
discussed.

[CCIR, 1986-90s] summarizes the technical investigations concerning HDMAC
satellite broadcasting within a 27 MHz channel of the 12 GHz WARC 77 plan. The
results obtained with the first experimental HDTV chain were in the framework of
the HDTV European project Eureka 95.

Most of the tests have been done with a satellite simulator.

Also, experiments of D2-HDMAC transmission through a real satellite have
been carried out in France using the DBS satellite TDF-1. The D2-HDMAC/packet
signal was sent to the TDF-1 earth station through an FM microwave link with
14 hops. The signal was received by a commercially available receiving station
with a 55 cm parabolic antenna. The noise figure of the SHF converter was equal to
around 2 dB.

With regard to the effect of noise on the decoded (baseband) signal, the
picture impairment has been evaluated by means of the satellite simulator for
different values of the C/N ratio in a 27 MHz bandwidth. The tests have been done
only with still pictures and with the 88 algorithm either in the static mode
(80 ms branch) or in the moving mode (20 ms branch). The method which has been
used was the EBU method with non-expert observers as described in CCIR
Recommendation 500. The results obtained are given in Figure 9. The dashed lines
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indicate the confidence interval (5%) of the mean results (continuous line)
obtained from 15 observers. The measured C/N was equal to 21 dB in a 27 MHz
bandwidth, which corresponds for the HDMAC-signal to a grade better than 4.5 on
the impairment scale.

With the French satellite TDF-1, a received C/N of 17 dB is obtainable
for 99% of the worst month in all the national coverage with a 55 cm receiving
antenna. Thus an HDMAC signal of quite excellent quality can be received with a
small receiving antenna using a 12 GHz WARC channel.

[CCIR, 1986-90t] deals with the compliance of the HDMAC signal with the
protection ratios for the broadcasting satellite service in the 12 GHz band.

Measurements of first adjacent channel (+/- 19.18 MHz) and co-channel
interference levels giving just perceptible impairment on vision have been done in
the two following configurations:

a) HDMAC interfering with HDMAC;

b) HDMAC interfering with the reference WARC-77 system (SECAM with a
sound sub-carrier).

From these tests, the following conclusions can be drawn:

a) When the wanted signal is the WARC reference signal, then the
minimum protection ratios required by the WARC-77 are met with a
margin greater than 9 dB. The HDMAC signal is not more critical
than a conventional MAC signal.

b) Two HDMAC signals can coexist in the WARC-77 broadcasting Plan.

From 25 August until 3 September 1989 the general public witnessed live
HD-MAC transmissions and emissions from the Eureka-95 booth at the Internationale
Funk-Ausstellung (IFA) 1989 in Berlin (West). The signal was received by
individual dish antennas and, being compatible, was viewed by the owners of D2-MAC
receivers throughout a large part of Europe.

After the HD-MAC bandwidth reduction encoder (BRE) the video signal was
time multiplexed with the audio/data signal into both a D2-MAC and D-MAC signal
format. (In the case of D-MAC the signal was fed to a satellite simulator and then
to the decoders.) The HD-MAC signal was transmitted via a 140 Mbit/s digital link
to a mobile satellite feeder link on the exhibition premises. Also a parallel
70 MHz IF link was sometimes used. From there the signal was transmitted to the
DFS-Kopernicus satellite. This signal could be received within the footprint of
the Kopernicus, which is a medium power telecommunication satellite.

The signal was also received at the ground station of Usingen, from where
it was again relayed to the TDF-1 and the TVSAT-2 satellites of France and the
Federal Republic of Germany respectively. Both the TDF-1 and TVSAT-2 are true DBS
satellites. This signal could be received throughout France and the Federal
Republic of Germany and outside these countries as the footprints indicate.

During the period of exhibition also a three hop experiment has been
done, whereby the TVSAT-2 signal was received in France and then fed to the
TDF-1.
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At the IFA'89 in Berlin (West) the HD-MAC signal was received by means of
dishes of 90 cm and 1.5 m dish antenna, since Berlin is outside the basic
footprint of TDF-1. In the Eureka booth the satellite receiver, demultiplexer and
bandwidth reduction decoders were used to deliver and reconstruct the high
definition (HD) output signal for the various high definition displays
[CCIR, 1986-90u]. :

Summary and conclusions

It is found that techniques exist for the broadcasting by satellite of
HDTV over a range of frequencies up to about 23 GHz. Several separate
possibilities exist and have been studied in detail. These techniques comprise
bandwidth reduction, channel coding, multiplexing, modulation and reception. The
technology for implementation of these techniques is available now, and technology
for the satellite either is available now (as is the case for the
12 GHz band) or is expected to be available within the next ten years if high
power levels are needed at 23 GHz.

Indications are that RF parameters and sharing may put constraints on the
emission format. Nevertheless neither the characteristics of satellite
broadcasting systems, nor their interference susceptibility should directly
restrict the characteristics of the studio standard used as source of programme
material. However, definition of that studio standard should precede the
definition of any subsidiary standards if signal degradation and the costs of
conversion are to be minimized.

For satellite broadcasting, the 12 GHz bands have been planned based on
channel widths of 24 MHz in Region 2 and 27 MHz in Regions 1 and 3. In order to
transmit HDTV within these channels, the source signals must be reduced in
bandwidth through extensive signal processing. Two narrow RF-band systems (MUSE,
HD-MAC) provide such signal compression at the expense of some reduction in the
resolution of moving areas of the picture. Any HDTV studio standard should allow
for the implementation of the kind of compression techniques described in this
report.



4.5

N
]
1 ’ '
1V |
| l
' |
' |
! I
1 |
i |
| [
| | .
| |
4 | |
' |
! |
| Fn = Static (Fixed) mode
1 ' Mm = Moving mode
+ | I
| |
| |
1 |
( |
N P | 18.2 N 20.6 N N i N N
0 5 10 15 20 25 30 3s
FIGURE 9

Impairment grade of the HDMAC picture signal as a function of the C/N ratio in 27 MHz

;138

¥-108 -dad



Rep. 801-4 - 139

For satellite broadcasting of wider RF-band HDTV service on a world-wide
basis, potentially providing quality close to that of the studio standard, it was
recognized at the WARC ORB-88 that a new frequency band would be required as the
bandwidth of the channel required to broadcast a wide RF-band HDTV signal is not
yet determined, there is flexibility to accommodate a range of system parameters.
This means that no specific constraint would need to be imposed on the HDTV studio
standard to allow satellite emission in such band. However, it is preferable that
an HDTV studio standard be specified before developing the world-wide satellite
broadcasting standard considered desirable by WARC ORB-88.

Techniques which will allow the broadcasting of HDTV by satellite have
been identified. These techniques make use of technology which ‘is now available in
the case of bandwidth reduction, modulation and reception techniques. In
particular, studies of MUSE and HD-MAC in Japan and Europe respectively have led
to the technology required for the complete studio-receiver chain. Systems have
been developed and demonstrated. Cost reduction considerations in view of
developing consumer equipment have already been included in the process; thus
standardization of the studio production and emission formats is urgently needed.
For broadcasting at frequencies up to 23 GHz, satellite technology should not be a
limiting factor on the choice of an emission standard, and also will not as a
consequence affect choice of the studio standard.

The CCIR considers it necessary to continue to study radio frequency and
emission technical parameters including modulation, channel coding and
multiplexing of HDTV satellite broadcasting. Further study is required to
determine:

i) system parameters for wide RF-band analogue and digital high
definition television transmissions by satellite;

e
e
N

propagation characteristics for bands suitable for wide RF-band
high definition television transmissions;

iii) inter- and intra-service sharing and interference,
interregional sharing.

The progress of these studies is expected to allow definitive results
before the end of the next CCIR study period.

2. Terrestrial emission of HDTV including cable distribution

2.1 Introduction

The majority of the world’s consumers of television broadcasting
receives television via terrestrial broadcast. Widespread adoption of higher
definition television will depend, for many administrations, on ready consumer
access to terrestrial broadcasts.
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The task of recommending HDTV emission standards is rendered difficult
by the diversity of strategies in different parts of the world where satellite
transmission, terrestrial emission and cable distribution have different
requirements and priorities. Basic statements for HDTV emission standards are:

- the numbers of emission standards should be limited;

- AM-VSB is one of the prefefable modulation types with respect to the
bandwidth saving;

- it would be preferable for the HDTV standard for terrestrial and cable
transmission to be similar;

- existing networks should not be adversely affected by introduction of
HDTV;

- each type of receiver compatibility, channel compatibility or baseband
compatibility is advantageous;

- the whole studio-satellite/transmitter-cable-receiver chain should be
taken into account when proposing the HDTV signal standard.

2.2 HDTV approaches in an NTSC environment

In the United States, the television industry has the objective of
preserving the public’s investment in current television equipment during a
transition period for HDTV. A further goal is to preserve the diversity of
television distribution media.

The feasibility of broadcasting HDTV terrestrially has been
demonstrated by an experiment conducted over a three week period in
Washington D.C., in January 1987. The experiment is part of a continuing project
by segments of the United States broadcast industry to develop a system for
terrestrial HDTV broadcasting. It was shown that such programmes could be
delivered to viewers using two contiguous 6 MHz UHF television channels,
employing conventional VSB-AM.

Additionally, terrestrial HDTV was also demonstrated using FM
modulation in the 13 GHz band during the same period. In this project, the MUSE
system was used.

In Japan, for the existing 6 MHz NTSC system, 9 and 12 MHz channel
compatible systems are being studied and experiments have been carried out using
existing cable networks.

In Cznaca a icint incusiry/govemment commities narmed the Cznadizn
Au«.rc"c Breadeasi Sy siems Commitiee (CAESC) wes formed in 1 S§7with the cbjective of
"rovmmg a naticnal {crum Yo accrass the medium and leng term techneicgical developments
which may eifect broacdceasiing and other related services. The activities cf the Commitiee to
~date have focused on ccnsideration of standarcs cevelopment and implementation suategies
‘fer HDTV broadcasting, addressing in particuiar he delivery of EDTV via terrestrial
breadeasing and cztle. In particuler these activities have included:

Charzcterizaticn of off-air and czble channels for wideband signal delivery (12
MHz) by carrying out 2 measurament srogram on selected facilities.
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Development of prccedures fcr the subjective tesing of progonent ATV
sysiems in preparaticn of carrying out the testing and evaluation. Testing is
scheduled to commence the second quarter {S<0.

Performing spectrum swudies coneentrating on the VEE/UHF TV spectrum io .
determine if terresiricl broadeasiing of ATV can be adequatelv accommadared

in these bands and o evaluate the impact ATV may have on exising NISC
operztions [CCIR, 1986-90v]. f

2.2.1 Current status of United States television distribution

Television programmes for entertainment and information are available
to most United States viewers in their homes by all of the available
distribution means. Currently there are approximately 89 million homes with
over 160 million television receivers that receive television broadcasts
supplied by 1,060 commercial television stations and 342 non-commercial
stations. They are about equally distributed between the VHF and UHF bands,
668 VHF and 734 UHF stationms.

2.2.2 Approaches to HDTV distribution to the viewer

In the United States, there is agreement [CCIR, 1986-90w] that the
introduction of HDTV should not adversely affect the unique character of the
television industry. To achieve this goal, terrestrial broadcasting must be
given the opportunity to compete with the other methods of television programme
distribution. This fundamental objective was affirmed in the 1 September 1988
Tentative Decision and Further Notice of Inquiry of the United States Federal
Communications Commission (FCC) which contains the following tentative
findings:

- providing for terrestrial broadcast use of ATV (advanced television) .
techniques would benefit the public; '

- tentatively concludes that the benefits of this technology can be
realized by the public most quickly if existing broadcasters are
permitted to implement ATV;

- any spectrum capacity needed for terrestrial broadcasting of ATV must
be obtained from the spectrum now allocated to terrestrial broadcast
television (VHF and UHF);

- finds that existing service to viewers utilizing NTSC receivers must be
continued irrespective of the actual manner in which ATV services are
delivered, at least during a transition period. This can be
accomplished either by transmitting ATV signals that can be received
directly by NTSC receivers or by simulcasting NTSC and incompatible ATV
signals on separate channels;

- systems requiring more than 6 MHz to broadcast a signal not compatible
with NTSC receivers will not be authorized [CCIR, 1986-90x]};

- finds it in the public interest not to retard the independent
introduction of ATV in other services or on non-broadcast media, but
(the FCC is) sensitive to the benefits of compatibility between
equipment associated with the various video delivery methods.
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2.2.3 Spectrum for ATV options

2.2.3.1 Studies in the United States

For terrestrial broadcasting in the United States the investigations
are currently concentrating on four options:

A) the use of a single 6 MHz channel compatible with NTSC;

B) the use of a single 6 MHz channel compatible with NTSC and an
additional 3 MHz augmentation channel not necessarily contiguous
with the 6 MHz channel to carry information to augment the base
channel information when generating the HDTV picture in HDTV
receivers;

C) the same as option B, except the augmentation channel
[CCIR, 1986-90w] is 6 MHz wide;

D) each terrestrial broadcaster would be provided with an additional
6 MHz frequency band for a simulcast non-compatible ATV signal.

The United States has done studies [CCIR, 1986-90y] to determine the
availability of spectrum under different conditions.

The analyses were done using a specially developed computer program
which permits the examination of channels under different conditions. The
studies presumed that advances in the technology for delivering ATV service may
allow the minimum distance separations for ATV stations to be less than those
currently required. The UHF taboos have been ignored*. Only the separation
distances required to reduce adjacent and co-channel interference were
observed.

It should be recognized also that the studies are preliminary in
nature. For example, no consideration was given to the effects of using
alternative sites for broadcasting ATV signals or the use of terrain shielding,
or power reduction as a means to implement ATV for 100% of the statioms.

The computer analyses were carried out to determine the number of
stations which could be assigned for the following situations:

a) where contiguous spectrum (both 6 MHz and 3 MHz) can be assigned;

b) where UHF or VHF stations can be assigned (VHF stations augmented in
UHF and vice versa, no preference for contiguous);

c) same as b), but as much contiguous spectrum as possible;

d) as much contiguous spectrum as possible.

* The UHF taboos are: interhodulation, cross-modulation and half-IF
(n 2, 3, and 4 channels), local oscillator (n + 7 channels), IF beat

+
(n + 8 channels), sound image (n + 14 channels), vision image
(n + 15 channels).
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The best results were for b). They show that 100% (96%) of all existing
stations can be provided with an additional 3 MHz (6 MHz) supplemental (non-
contiguous) if the minimum co-channel separation distance for the ATV stations
is reduced to 160 km. On the other hand, if the current separations are
maintained (249 - 353 km), the percentages would be 77% for 3 MHz and 60% for
6 MHz. For providing the same service area, these results imply the need for a
system requiring a significantly smaller protection ratio than NTSC.

[CCIR, 1986-90z] reports the most recent progress towards introduction
of Advanced Television (ATV) services in the United States. The new studies
ignored adjacent channel protection, as well as the UHF taboos. It was also
determined that the best spectrum approach to accommodating ATV systems needing
an additional 6 MHz has the following characteristics:

1) the additional spectrum is not necessarily contiguous;

2) HDTV systems for terrestrial broadcasting must be able to operate at
closer than present spacings.

The preliminary indications are that 99.7% of all existing television
stations can be accommodated at a minimum co-channel spacing of 160 km
(100 miles). [CCIR, 1986-90z] also describes a number of approaches under
investigation by the United States regarding the modification or elimination of
the existing NTSC UHF taboos. These include:

1) changes in receiver design;
2) change in minimum taboo transmitter spacings;
3) changes in the transmission system.

An example of one proposed system accommodating the UHF taboos, the
Spectrum Compatible HDTV System, is shown in Table VIII. It indicates the
wanted-to-unwanted signal protection ratios for just perceptible interference
for the case of an HDTV signal to an NTSC receiver.

TABLE VIII

Wanted-to-unwanted signal protection ratios

Co-channel +14 to +6 dB
Adjacent channel (n + 1) -30 dB
Intermodulation (n + 2, n + 3, n - 4) -40 dB
Half IF (n + 4) -30 dB
IF beat (n + 7, n + 8) -45 dB
Sound image (n + 14) -45 dB
Vision image (n + 15) -45 dB

Note 1 - Wanted signal level: -45 dBm.

Note 2 - Based on measurements of seven television receivers representative of
existing receiver population.
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iz simulcast system [Rypkema, J. 19$89] achiaves
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3) teapcrzl filtering in the enccdéer and dscoder (:hus
reducing fiald-to-field resdundancy and intsrfarzsncs
visizility):

4) non-iinezr cocmpanding of the. lumirance and chreominzncs
cenmpenents (thus imprcoving the arrarent sicnali-tzs-
noise ratic ¢ the ATV signal ané reducing the
visikility of interiferance into ATV racecticn) ;. end

g) disgersicn filtering of the znalocue image ccmponents
(thus spreading pezk signals from edge transiticns to
reduce interfarsnca visibility) [CCIR, 1986-90aa]. )

2232 ectrum Studies in Canada

Spectrum swdies of a preliminary nature have teen carried out in Canaca
considering ATV emissicn sysiems of type B (i.e. 6 M¥z NTSC compatible + 3 MHz
augmentation channel) and, to a lesser exent, systems of iype D (i.e. 8 MEz, simulcast ATV
systems). All the studies were carried cut for locations in Zene | defined as the corrider
between Cuebec City and Windser and includes the Canada/US border. This Zone correspencs
to the most spectrum congested arez in Canada. The foilowing summarizes the maior

assumptions made in the swudies and the general results obuined [CCIR, 1986-90v].

Tvoe B ATV System Assumptions

Several planning swudies were done for this type of ATV sysiem in arcer ic v 0
assass the availability of additicnal spectrum capacity for zugmentation channels. Ine main
sudy was pased on the following generzi assumpticns:

- Co-channel protecticn raiios in terms of Wanted 0 Unwanted ( %/ 1) {ieid swengh
ratios between augmentaticn channeis and NTSC channets of 14 dB, for
non-precision off-set, and 7 ¢B, {or precision off-set ccmparad to 2 WIG ci 18
dE (for non-precisicn off-set) used in the present comestic allcunent plan.

- A reduced set of UHT taboos! for the 3 MHz augmentation channel were uses.
Assuming that the 2ugmentzticn channe! would not have a separate sound carrier and
that a suppressed carrier AM medulation format weuld te used. oniy &Dbco chenneis.

1, 4 and 15 were takan into ¢cnsideraticn.

1 The UHF Taboo channels accounted for in the domestic allocation plan are
channels +1, +2, #3, #4, +7, #14, and +15 adjacent to the wanted channel.
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Preliminary Results

With all existng assignments and allotments retzined and srotected in Carada
and across the border in the USA , it would not be possible to provide a sufficient
number of 3 MHz augmentaticn channels to satisiy all the Canadian assignments &ng
allotments. : . S

With all unusad Canadian allotments in locations of zero growth (i. having o
assignments to date) assumed deleted nearly all assignments {i.2. avisting siaticns!
ccuii .be acccmunccaed Wi 2 MEz augmentation channeis. Eowever this comes at 2
sacrifice of {uwre gowih particulerly in the largar areas whers scme cr ail ¢f th

wi
unused allotments need 10 Te usad 10 provide augmeniation channeis for existing
stations. In addition several unprotected Low Power ITelevision stations would have to
¢s2<e operalicn in arzas whers they are extensiveiy used. These sacrifices might crove
10 be ico heavy ic Ce acceprabie. Further studias are recuired in regions cf e country
whers Low Pocwer sztcns zre heavily ugiized o evaluate the impact that 3 Miz
2ugmentation ATV sysiems wculd have on the exisung service.

With ihe consgzint thet the 3 Mz augmentaticn channel must be adjaceniic the
targzt NTSC channei (i.2. contiguous), the results indicate that, in the majority cf
lccatons, it weuld nict be possible 1o find a sufficient number of contiguous 3 MEz
augmentation charnels o zccommedate even existing assignments.

Tvpe D ATV Svstem

A preliminary study was done o investigate the spectrum availability for ATV
emission sysiems .ot compatible with NTSC receivers that occupy 6 MHEz channels
uncer the assumpticn that such systems couid operate with co-channel spacings equal to

“existing (NTSC) first adjacent channe! spacings and be non-interfering 1o NTSC.
Furihermore it was assumed that all existing taboo channel consaaints coulc be
igncred.

Preliminary results indicate a geod likelincod that 6 MHz ATV channeis couid

te fcund to accommedate exisiing VHFE and UEF assignments and ailotments.
Fewever further stucy is reguired to verify this conclusion.

2.2.4 Proponent systems [CCIR, 1986-90y]

ATV systems proposed for consideration in the different categories are
indicated in Table IX:
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TABLE IX
I,
VHF /UHF
Spectrum Technology Coxzents Number of
Required Propomnents
6 MHz *NTSC-Compatible™ NISC TV set displays ATV signal 7
as NISC signal. "ATIV set would
display either ATV programmes
or NISC programmes.
Standard NTSC NTISC TV set displays the 4
+ standard NISC portion of the
3 MHz Augmentation signal. ATV set would display
either ATV or NISC programmes.
9 MHz
*Non-Compatible” NTSC TV set requires couverter 2
* for NISC display of ATV
programme. ATV set would
display either ATV or NISC
programmes.
Standard NTSC NISC TV set displays only the 4
+ " | standard NTSC portion of the
6 MHz Augmentation |[signal. ATV set would display
either ATV or NISC programmes.
12 MH=z -
*SIMULCAST" NTISC TV set displays only the 3
Standard NTSC NISC programme. ATV set could
. + receive ATV programmes and NTSC
6 MHz "Non-Compatible”|programmes.

* Not permitted for terrestrial broadcasting by FCC Tentative Decision.

Several systems have been proposed for terrestrial, cable and satellite
broadcasting of HDTV in the United States. Some organizations have proposed more

than one system. An article [Hopkins and Davies, 1989] gives information on
these proposals and describes the activities of involved committees in North
America. Table X is a summary of the systems presented to the FCC in

November 1988.
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TABLE X — Summary of systems proposed to FCC Advisory Committee
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RIT  RASSACHUSETTS (NSTITUTE OF TECHNNOLOGY

Novesber 1988

2.3. Approach using HDMAC system

The HDMAC system has been proposed for satellite as well as for cable
and terrestrial distribution.

The possibility of delivering HDTV through terrestrial broadcasting has
been studied by using HDMAC signals [CCIR, 1986-90ab]. The characteristics of
the MAC signal allow the use of VHF and UHF channels with amplitude modulation
offering the possibility of a development of a high-definition television
service based on already available technologies. Moreover, if the high-
definition television signal possesses characteristics at baseband such that the
low frequencies of the spectrum are identical to those of the existing MAC
signal, compatibility between the two types of service, D or D2-MAC/packet and
high-definition television, will be possible. So far, the D or D2-MAC/packet
standards offer an evolutionary path. The evolution is characterized as
"compatible®, since the first generation of D or D2-MAC/packet receivers will be
able to interpret the lower part of the spectrum as that of a signal meeting the
existing D or D2-MAC/packet standard. Due to the existence of an installed base
of D or D2-MAC/packet decoders (equipped with baseband and BSS inputs) provided
for satellite broadcasting at 12 GHz, this compatibility will make it possible,
from the outset of the broadcasting of high-definition television programmes, to
reach a large audience, thus permitting a gradual growth in receiver sales
without compromising the economy of the system.
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Based on previous experiments and simulations of an AM vestigial
sideband channel in UHF with D2-MAC/packet signals, it is reported that an
emission of HDTV (HDMAC) compatible with D or D2-MAC/packet decoders is made
possible in a terrestrial AM vestigial sideband channel having a total width of
12 MHz to allow a Nyquist filtering of the baseband around 10.125 MHz either for
digital assistance or video.

At the time of the 'IFA'89 in Berlin (West) an HD-MAC signal was injected into a
cable network in a 12 MHz channel using AM/VSB modulation. This private cable
network served the exibition premises. The signal was sent as analogue, base
band signal to the cable head end by means of an optical fibre link. Fur=hermora
the cable head end also received the transmitted HD-MAC signal from the IDF-1
and TVSAT-2 [CCIR, 1986-90u].

2.3.1 AM/VSB systems

The following parameters are the result of studies and first
transmission measurements on cable [CCIR, 1986-90ac]. -

2.3.1.1 Nyquist filtering of vision carrier at the transmitter

The system for HDMAC signals is compatible with 625-1line D2/DMAC

system.
Channel width: 12 MHz
Modulation type: Vestigial sideband amplitude modulation
(AM/VSB)
Nyquist filtering: Vision carrier +500 kHz at transmitter
Modulation polarity: Identical to existing D2/DMAC system
Modulation levels 7 Negative Positive
Video signal - white level 10% 1002
black level 100% 10%
clamp level 55% 55%
Data signal "l 19%
“ 1" 91%
” 0“ 551
Receiver detection: Synchronous
Phase characteristic: Transmitter and receiver linear

An improvement of up to 5 dB of the S/N and signal-to-interference
ratio can be reached when the Nyquist filtering is moved from the receiver to
the transmitter site.
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The system with a transmitter Nyquist filter was tested successfully
for cable distribution. : ' : ’

2.3.1.2 Nyquist filtering of video carrier at the receiver

Samebparameters as in § 2.3.1.1 except

Nyquist filtering: Video carrier 750 kHz at the receiver

2.3.2 FM/VSB systems

Under consideration.

2.4 Other systems under development

[CCIR, 1986-90ad] entitled "HDTV transmission system" describes a
single-channel transmission system with an intermediate (down) conversion of a
number of lines and with a reflected modulation, which has been proposed and is
under study in the USSR. : : -

2.5. Protection ratios

Since it is understood that existing networks should not be affected by

the introduction of new HDTV systems, protection ratios must not exceed those
currently in use (Recommendation 655). It can be expected that the required
protection ratios for most HDTV systems will not be greater because of the
envisaged structure of HDTV signals, e.g. absence of normal synchronizing
pulses.

Protection ratio figures for HDTV systems affected by HDTV on
conventional TV systems are not available today. For conventional TV systems
affected by HDTV emission, only limited information is available. More
measurements are needed. These measurements shall be made with "modern" receiver
types. The term "modern receiver" depends on the life-time of TV receivers from
the introduction date of HDTV in the different countries. Cable transmission
systems employing adjacent channel operation require stronger protection ratio
figures than those given in Recommendation 655. For this special case we have to
define a new type of continuous interference which is 100% of time. Most
interference on cable is present 100% of the time.

When in cable systems adjacent channel operation is applied then
interference is present for 100% of time. In such systems a signal level
difference of approximately 3 dB is allowed between adjacent channels and 6 dB
between image channels. The interference should be limited to a certain
impairment grade.

3. Multi-media distribution environment

When conventional television was standardized and implemented many
decades ago, terrestrial broadcasting was the only medium that could be used to
deliver the service to the homes. Consequently, the emission formats were
optimized for such a medium and television receivers were dedicated to off-air
reception.

Today, many broadcasting/distribution media can be used in parallel
with conventional terrestrial broadcasting to deliver television to the home.

149
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Consider the variety of broadcasting/distribution media that will
co-exist and will be used to deliver television to the home. They include:

- terrestrial broadcasting;

- satellite broadcasting;

- cable distribution ("CATV");

- multipoint, multi-channel distribution (MMDS);

- optical fibre distribution (analogue and digital);

- pre-recorded distribution (VCR + cassette taées, video discs).

Most of the broadcasting/distribution media may eventually be used to
distribute HDTV to the home.

This diversity of media will undoubtedly continue and increase. For one
thing, the present systems of terrestrial television broadcasting will need to
be maintained for a significant time. Moreover, existing and future higher
definition television systems will also need to co-exist for a period. This
diversity will result in the existence of many interfaces between the media, as
shown in Figure 13.

Such diversity could result in difficulties of converting from a
studio/production HDTV standard, and in converting from one delivery format to
another. The inevitable consequence would be higher system and receiver cost and
complexity, or a degradation of picture quality, or a combination of both.

But the development of these new standards for HDTV
broadcasting/distribution needs to take into account not only this multi-media
environment, but the characteristics and capabilities of each of the several
media in choosing formats, that are not only easily convertible between media
but which make most efficient use of each de11very medium and lead to receiver
implementation of minimum complexity.

Since different delivery media have different spectrum capacity and
different transmission channel impairments, different types of modulation will
be used and the optimum use of the transmission channel will imply that the
signal quality and service capacity (e.g. number of audio channels) delivered on
some media will be greater than on others. This should lead to the establishment
of a hierarchy of related formats optimized for the different media they will be
carried on.

This hierarchy would ensure that easy conversion can be made between
these different transmission standards and that a common baseband signal
representation can be generated and thus common baseband processing can be used
in the receiver. An example of the use of a common baseband format is HD-MAC
developed by the European Eureka 95 programme. The same baseband signal can be
used for satellite broadcasting, terrestrial broadcasting, cable and fibre optic
systems as well as home recorders and communication systems. As indicated in
Fig. 13 (interface F.l), the common baseband representation would allow for
common use of complex circuitry such as picture processor, sound processor and
control circuits irrespective of the medium on which the signal is received.
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PART 8 - DATA BROADCASTING SERVICES IN THE HDTV ENVIRONMENT

In its studies on data broadcasting in HDTV, JIWP 10-11/5 recognized
that improvements in the video picture should be harmonized with balanced
improvements in the sound and data components [CCIR, 1986-90a]. These
improvements should allow the evolution of present teletext services towards the
use of more sophisticated presentation features (dynamically redefinable
character sets (DRCS), geometric, photographic), new display formats (e.g.

80 characters/row, wide aspect ratio) accompanying sound, data for processing
and new applications.

[CCIR, 1986-90b] points out the need to consider the capacity
requirements of the programme sound and data broadcasting services at the same
time as the HDTV emission format is developed and to adopt a digital multiplex
structure allowing flexible reallocation of the capacity for either sound or
data services [Chouinard, 1987]. The document also indicates the need to
consider conditional access requirements for vision, sound and data.

The need to allocate adequate transmission capacity for data services
and to adopt a flexible digital multiplex, as well as to provide for conditional
access is also indicated in § 1.2.3 and 1.2.4 of Part 7 of this Report.

The consideration of a flexible digital multiplex carrying different
data services would require the study of the features of an intelligent receiver
which would allow interconnection to a personal computer, as indicated in
[CCIR, 1986-90a,b], in order to achieve the best exploitation of the service
resources.

[CCIR, 1986-90c] suggests an approach for the insertion of data
broadcasting services in the HDMAC system whose basic characteristics are given
in [CCIR, 1986-90d]. The opinion expressed in the above document is that the use
of the field blanking interval of HDMAC signals for DATV data allows only two
lines per field for data broadcasting services. This reduced capacity should be
assigned to multilingual subtitling, while teletext should be conveyed through
the digital sound/data packet multiplex, in both D and D2 versions. In order to
ensure full service continuity in the evolution from D/D2-MAC/packet system
[CCIR, 1988] to HDMAC, teletext services should be provided in the digital
sound/data/multiplex from the beginning of MAC/packet transmission. Teletext
decoders should therefore be developed with the capability of receiving data
from both the field blanking interval and the digital packet multiplex.

A further document, [CCIR, 1986-90e] draws attention to some
requirements for broadcasting of data in the context of HDMAC, namely, the need
to ensure the largest flexibility in the management of the overall capacity
(e.g. by sharing the capacity); the coexistence of various data services in
every subframe (even at different bit rates, e.g. 10.125 Mbit/s and
20.25 Mbit/s); a proper operation of HDTV receivers by giving the highest
priority to DATV data.
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PART 9 - TRANSMISSION OF HDTV FOR INTERNATIONAL PROGRAMME EXCHANGE®
. 1. Introduction

This chapter deals with the transmission of HDTV. One part deals with
the satellite transmission of HDTV and the other deals with the terrestrial

transmission of HDTV. The future work in this area will need to be coordinated
with the CMTT.

2. Satellite transmission of HDTV

Long distance HDTV transmissions, such as those made possible by
satellites, are essential for the international exchange and distribution of
programmes. There has already been demonstrations of such capability and it
continues to be under study.

2.1 FM transmission

At the 1987 International Colloquium on HDTV held in Ottawa, Canada,
the papers and workshops were supported by an extensive series of
demonstrations, including broadcasts from live and tape material using the
MUSE-E technique by satellite, CATV, cable, optical fibre and optical disc. The
demonstrations also included inter-studio transmission of HDTV using the newly
developed MUSE-T technique with a 54 MHz transponder on the Canadian Anik-C
satellite. Following the Colloquium, the MUSE-E equipment and a 27 MHz ANIK-C
satellite transponder were used for a period of two weeks for national and
international HDTV broadcasts to the public for demonstrations and survey. Three
sites in Canada and four sites in the United States were included, resulting in
upwards of 100,000 people being introduced to HDTV [CCIR, 1986-90a].

HD-MAC was demonstrated during the IBC in 1988.

Signals from HDTV VIRs and from cameras were bandwidth reduced and
transmitted via a satellite channel or millimetre wave link as HD-MAC. The
signals were decoded and displayed as HDTV pictures.

In addition, the HD-MAC signals were displayed on D2-MAC receivers
showing the compatible picture. HD-MAC VCR and compact disc video were both
demonstrated during the presentation.

Implementation of HD-MAC in cable systems is being investigated.

Long distance HDTV transmission circuits are essential to an
operational broadcasting system for the exchange and distribution of programmes.

During the IFA’89 in Berlin (West) a complete HD-MAC chain cascading
several transmission ports including satellites was operating (see Fig. 1). More
detailed information is to be found in Part 7, section 1.5.2 [CCIR, 1986-90b].

* . . . s .
International exchange on video tape is considered in

Recommendation 714 = and Report 1231 .
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Along with emission experiments on broadcasting satellites,
transmission experiments on communication satellites and other media have also
been carried out in Japan since 1987. Based on the results obtained through
these experiments, international transmission from Japan to Australia using
three satellite links, and from Korea to Japan using two satellite links was
carried out in 1988. Although the RF-bandwidth of the satellite repeaters were
different, frequency modulated MUSE signals with 27 MHz bandwidth were
transmitted from end-to-end with interfaces at IF between the different segments
of this multi-media, multi-hop transmission to eliminate degradation caused by
the modulation and demodulation process.

Special precautions concerning waveform distortion were taken to
correct both IF and baseband characteristics. Accumulated IF amplitude and group
delay distortion were equalized at the receiving end, and the baseband
equalization was performed with an equalizer in the MUSE encoder. The tap
coefficients calculated from the test pulse signal in the vertical blanking
interval measured at the receiving end were sent back through the telephone
circuit. In addition to this equalization, a final equalization was. performed by
an automatic equalizer in the decoder.

In July 1988, a multi-hop experimental transmission was carried out
between Japan and Australia using first the CS-2b (6/4 GHz) in Japan, then
INTELSAT-V (F-1, 6/4 GHz), to Australia, followed by a final satellite hop over
AUSSAT K2 (14/12 GHz), and finally by two terrestrial radio links in the 42 GHz
band (see Fig. 2). The measured C/N for the overall modulation/demodulation
section was 17.6 dB which was almost identical to the calculated value of
17.3 dB. The overall IF frequency characteristics measured after equalization
were 0.5 dB p-p amplitude variation and 10 ns p-p group delay. No degradation
was measured on the DCPM encoded audio signal in the vertical blanking interval
because the overall C/N was high (17.6 dB). Satisfactory waveform transmission
characteristics were obtained due to the IF and baseband equalization.

Major programmes of the Seoul Olympic Games held in September 1988 were
transmitted in the form of HDTIV from Korea (Rep. of) to Japan. HDTV programmes
were encoded to MUSE and frequency modulated at the International Broadcasting
Center, then transmitted using coaxial cable to the earth station, using
INTELSAT-V (F-1, 14/11 GHz) to the NHK Broadcasting Center, Yoyogi, Tokyo,
Japan, or the KDD Yamaguchi earth station for site diversity. Received IF
signals were fed to the feeder-link transmitter for the BS-2 to distribute
81 receiving points within Japan (see Fig. 3). Other HDTV signals from a VIR in
the Broadcasting Center were encoded to MUSE, modulated and fed to the NTIT earth
station and transmitted through CS-3 (30/20 GHz) to seven NTIT earth stations and
thence by transportable microwave link (11 GHz) to HDTV demonstration sites.

The measured overall C/N after two-tandem transmissions between Korea
and Japan measured at the satellite broadcasting receiver with 75 cm diameter
antenna was 17.9 dB compared with the calculated value of 18.3 dB. The overall
IF frequency characteristics after equalization were 0.5 dB p-p amplitude
variation and 5 ns p-p group delay. Satisfactory waveform transmission
characteristics were also obtained after equalization.

These experiments confirmed the applicability of long distance and
mixed-media transmission of HDTV signals to domestic and international
connections.
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2.2 Digital transmission

IWP 11/7 reports in [CCIR, 1986-90c] studies which suggest that bit
rate reduction techniques (DPCM, DCT) currently used for conventional television
may well be suitable for HDTV, and a 140 Mbit/s system has been developed based
on a 1125/60/2:1 source. A 140 Mbit/s codec for HDMAC signals has also been
developed. The different requirements of contribution and distribution networks
are discussed. '

Furthermore, it is outlined in [CCIR, 1986-90d] that the investigations
performed in the IWP 11/7 made evident the existence of various bit rate
reduction techniques which will enable digital HDTV transmission to be effected
at about 140 Mbit/s. Practical work currently in progress on codecs for the
4:2:2 level of Recommendation 601 should yield further relevant information.
Final decisions as to standard methods can be expected to depend on the digital
parameters chosen for the studio and for the international exchange of HDTV
programmes.

A new sub-section 3.1 "Bit rate, reduction methods for HDTV signals" in
Report 1089 has been proposed based on contributions received by the IWP 11/7
[CCIR, 1986-90e].

The HDMAC bandwidth reduction coding principles are described in [CCIR,
1986-90f]. By these HDMAC is optimized to allow for introduction of HDTV
sexvices on WARC 77-BS channels. DATV and multibranch coding is used. The
selection of the system was based on the result of subjective assessments.

[CCIR, 1986-90g] describes different systems of digital MUSE
transmission with either PCM or DPCM coding and bit rates of 135 Mbit/s and
100 Mbit/s, respectively.

The digital transmission of the MUSE signal on distribution links is
advantageous where MUSE is the destination system, in contrast to the
contribution links which may be otherwise optimized.

A bit-rate reduction codec for HDTV was developed. This can transmit
1125 line/60 Hz HDTV signals at 97.728 Mbit/s, which is the 4th level bit-rate
in the Japanese digital hierarchy. This codec is also applicable to the H4
channel rate (about 135 Mbit/s) coding for broadband ISDN. This CODEC employs
adaptive prefiltering for noise reduction, extrapolative/interpolative coding
with adaptive intrafield/interframe prediction and variable word length coding
[Yashima and Sawada, 1987; Sawada and Yashima, 1988; Yashima and Sawada, 1989;
CCIR, 1986-90h].

97.728 Mbit/s HDTV transmission was demonstrated using a prototype of
this bit-rate reduction codec and actual optical fibre transmission lines. The
HDTV baseband signals used are component signals of Y, Pp and Pp with bandwidths
of 20 MHz, 7 MHz and 7 MHz, respectively [Yashima and Sawada, 1989; CCIR, 1986-
90h]. '

[CCIR, 1986-90i] outlines 120/140 Mbit/s HDTV coding systems,
implemented in hardware for practical applications. This system is designed for
the purpose of transmitting HDTV signals through the 72 MHz bandwidth
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transponders of the INTELSAT satellite or the HD hierarchy of an optical fibre
cable. The main bit rate reduction techniques employed are:

- removal of blanking intervals and line-alternate processing for two-
colour components;

- a 1/2 sub-Nyquist sampling with a line offset structure; and

- intra-field DPCM with an adaptive noise shaping filter and an adaptive
quantizer. :

Although the MUSE system has been developed for the purpose of an
analogue transmission, most of the signal processings in the system are carried
out in digital form, and fit easily to the digital transmission. In the MUSE
system, a technique of sub-sampling in the time domain is already used, but the
compression of amplitude information is not yet performed, and may be applicable
for further processings in the digital transmission.

2.3 Transmission interface considerations

In many cases links of several different media will be used in the
chain from programme originator to the final viewer. For example, a national
television network may receive a programme over coaxial or optical fibre
networks, or by systems in the fixed service and fixed-satellite service, and
then distribute it to their affiliated TV stations by the same or even different
cable, fixed service or fixed-satellite system, which then broadcast the
programming terrestrially.

Even broadcasting-satellite systems may receive their programming
material from the multiplicity of sources mentioned above, and in the case of
the community reception mode, distribute it beyond the BSS earth station in a
variety of ways.

Such connections give rise to interface situations, that is, to places
where formats may have to be connected. To permit conversion, the
characteristics of the formats must be known. To make those conversions easily,
and with minimal degradation in picture quality, the formats should be developed
as part of a unified set of formats.

A specific example can be cited of interfaces that will arise involving
satellite emission. In 1990 it is planned to inaugurate HDTV using the
GS-3 satellite of Japan.

During these operations it may be necessary to provide a
studio-transmitter link involving transmission links from a local station
originating a programme to the BS-3 earth station. Such links might use MUSE,
the HDTV format for the BS-3 emissions, but they might also use different
formats.

Two PCM and one DPCM formats have been considered for MUSE
transmission.

One PCM method encodes video, sound and control signals in the MUSE
format. With 8 bits/sample for luminance and colour difference signals, it
requires a net bit rate of about 117 Mbit/s. A second PCM format, simpler but
less efficient, is also based on 8 bits/sample and requires a new bit rate
around 130 Mbit/s. A DPCM format based on 6 bits/sample/sample would require
only around 88 Mbit/s.

159
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All these formats could be accommodated in the ISDN H4 level
(132 Mbit/s minimum) with varying amounts left over for error correction.

A bit rate reduction codec for HDMAC signals which fits the H4
transmission level near 140 Mbit/sec has been developed [CCIR, 1986-90j].

In summary, the continuation and expansion of a domestic, regional and
international system of television programme delivery through diverse media
calls for defining interfaces between the media. It also dictates the need for a
hierarchical set of transmission and emission formats that can take best
advantage of the different characteristics of each media and can also be
converted from one format to the other with minimal degradation and at
reasonable cost.

2.4 Satellite news gathering

The technique of satellite news gathering (SNG) is a means for the
international exchange of programme material, and an increasing amount of
television transmissions are provided by these capabilities, particularly of
such international events as the Olympic Games. The CCIR is carrying out studies
in this area in JIWP CMTT-4-10-11/1.

The work of this JIWP has been focused on preparation of. a Report and
Recommendation. The Report has been prepared, taking into account the
characteristics of television systems in operation today. These systems use the
capabilities of existing 4/6 and 11/12/14 GHz band communication satellites
which are in the geostationary orbit, and have very well known characteristics.
They have been used as the basis for preparing a Report containing the technical
and operational requirements of SNG which generally encompass the use of rapidly
deployable, portable uplinks for events lasting from a few hours to several
days.

SNG has been using fixed-satellite spectrum allocations. In examining
the material in the draft report of JIWP 10-11/3 to the Extraordinary Meeting as
it might apply to SNG, the following subjects appear to require some re-
evaluation and subsequent modification if and when SNG is to use HDTV. Some
areas which may require study are:

2.4.1 Link budget

HDTV requires more energy density. Link budget considerations range
from larger up-link e.i.r.p., larger C/N, and thus more power/larger antenna
gain from the satellites and earth stationms.

2.4.2 Spectrum

Depending on what type of transmission format is chosen for HDTV, and
the qudlity, it may be necessary to increase the amount of bandwidth required
for a 'SNG/HDTV transmission, compared to that required today.

2.4.3 Orbit spacing

The impact of increased power density, it may not be possible to
transmit HDTV signals on satellites which are closely spaced in the
geostationary orbit.
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2.4.4 Off-axis e.i.r.p. density

It may not be possible to retain the emission limits suggested for
today’s SNG up-link transmissions.

2.5 Conclusions

One or more closely related transmission/emission formats, optimized
for use in diverse programme delivery media, may also be derived from the studio
standard.

Definition of that studio standard should precede the definition of any
subsidiary standards if signal degradation and the costs of conversion are to be
minimized.

The continuation and expansion of a domestic, regional and
international system of television programme delivery through diverse media
calls for defining interfaces between the media. It also dictates the need for a
hierarchical set of transmission and emission formats that can take best
advantage of the different characteristics of each medium and can also be
converted from one format to the other with minimal degradation and at
reasonable cost.

Easy convertibility between any such formats should also be required to
reduce the cost and complexity of home receivers intended to receive programmes
from the different delivery media.

’

3. Terrestrial transmission of HDTV

3.1 Introduction

There is great progfess being made in the terrestrial transmission of
HDTV. This is illustrated through the experiments and development of various
signal formats which have been reported.

3.2 Experimental signal formats for HDTV transmission

In a frequency division multiplexed composite signal, called HLO-PAL
(Half-Line Offset PAL), the colour-difference sub-carrier signal corresponding
to the narrow-band colour-difference signal (C,) is located adjacent to the
luminance signal (Y); while another signal corresponding to the wide-band
colour-difference (C,) is located around the same sub-carrier, and its lower
" sideband is partly interleaved with the luminance signal with a half-line
offset. This signal has been used widely for distribution and transmission tests
of the HDTV signals [CCIR, 1982-86a]. ‘

In a time division multiplexed signal, called TCM (time compression
multiplexing) signal, the colour-difference signals are compressed, and the
luminance signal and one of the colour-difference signals are multiplexed. Thus,
colour-difference signals are transmitted line-sequentially. The proposed TCM
signal bandwidth for a 1125-line system is 20 MHz [Tsuboi et al. 1985].

In another time division multiplexing signal, called TCI (Time
Compressed Integration) signal, there are several versions depending on the
simultaneous or sequential arrangement of colour-difference signals and on the
difference compression ratios [Fujio and Kubota, 1982}.
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A scan conversion system for HDTV with motion-adaptive techniques,
called FCFE (Frame Conversion Fineness Enhance), has also been developed. It
converts 2:1 interlaced scanning to progressive scanning at the receiver. This
is considered to be useful for the reduction of bandwidth required for HDTV
transmission [CCIR, 1982-86a, b and c}.

A bandwidth reduction system, called MUSE (Multiple Sub-sampling
Encoding) system, has been developed to transmit HDTV signals via satellite
using a single channel in the 12 GHz band. The baseband signal bandwidth is
8.1 Mhz. It uses 4:1 dot-interlaced sub-sampling which employs inter-field and
inter-frame offsets. More general description can be found in Report 1075.

It is reported that non-linear pre- and de-emphasis has been used very
effectively in FM transmission of HDTV signals [Fujio and Kubota, 1982].

Digital transmission has been discussed [Phillips and Harvey, 1978;
CCIR, 1978-82], and it could become competitive with analogue FM transmission in
the future, with regard to the required bandwidth and transmitter power.

3.3 Bit rate reduction methods for HDTV
3.3.1 Introduction

In accordance with Decision 60, IWP 11/7 is studying aspects of the
digital transmission of high definition television signals, for which bit rate
reduction is an essential process. This work is able to build upon the results
of the studies into methods for the 4:2:2 level of Recommendation 601 reported
in Report 1089 and on the related work in hand at present on standard
algorithms and codec specifications for 34, 45 and 140 Mbit/s transmission.

Studies are being aimed at both contribution and distribution networks,
and take account of Decision 18-6. A distinction between these applications is
not always easy to make. Broadly speaking, contribution applications are those
for inter-studio traffic requiring signals of such fidelity that they can
withstand studio post-processing and passage through more than one digital
coding/decoding operation. In distribution between broadcasters, component video
signals from a source centre are coded for transmission. In distribution to
viewers, coding is applied to signals which have already been coded into
analogue or digital formats, and it forms the final method of delivery to the
home. Often the choice of distribution to viewers will be influenced by the
economics of a low-cost decoder in the home.

At this time, some of the transmission techniques used for distribution
of programmes to broadcasters are still under study with respect to adequacy of
quality.

3.3.2 Distribution between broadcasters

[CCIR, 1986-90i] describes the outline of a 120/140 Mbit/s HDTV coding
system, which has already been implemented by a compact hardware for practical
appreciations. More information may be found in the satellite transmission
section "Digital Transmission" (§ 2.2 of Part 9).

[CCIR, 1986-90k] describes some preliminary results obtained using the
DCT algorithm. It is concerned with HDTV signals with parameter values as
proposed in [CCIR, 1986-901] employing progressive scanning and resulting in a
bit rate of 2304 Mbit/s. It refers to the intensive work carried out during the
present Study Period aimed at the specification of a contribution 34/45 Mbit/s
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codec for conventional digital signals conforming to Recommendation 601. It
states that the promising results obtained have lead several organizations to
apply such bit rate reduction techniques to HDTV signals, the target being HDTV
contribution codecs at 140 Mbit/s. It points out that simple extrapolation of
these results may not be appropriate since (a) a higher compression ratio is
required, (b) progressive scanning yields a richer information content and (c),
because of the high data rate, specific algorithm restraints must be taken into
account in order to make the algorithms implementable in compact hardware.

The extra studies required to adapt the conventional codecs to HDTV are
being presently addressed by some European cooperative projects. Simulations are
being performed based on the DCT coding algorithm proposed by a DCT Expert
Group. Whilst some further work has to be carried out, it states that extension
of the algorithm has yielded promising results for both interlaced and
progressive scan HDTV formats. Its conclusion is that 140 Mbit/s can be
considered a possible channel for the transmission of HDTV in both formats,
enabling all the benefits of progressive scanning to be retained in
transmission.

[CCIR, 1986-90m] gives a summary on NI-DPCM sound decoding systems,
which could find application in studio facilities too. A 48 kHz, 16-to-1l1 bit
NI-DPCM and a 32 kHz, 15-to-8 NI-DPCM are reported to be capable of reproducing
about the same quality as 48 kHz, 16 bits linear PCM and 32 kHz, 1l4-to-10
NI-PCM used in Japanese satellite broadcasting, respectively.

3.3.3 Distribution to_viewers

A bit rate reduction codec for HD-MAC signals has been developed within
the European Eureka-95 project and is described in [CCIR, 1986-90j].
technique employs a hybrid of 8-bit PCM and 5-bit DPCM with a reflected
quantizer, to reduce the bit rate of an HD-MAC multiplex to ithe H4 transmission
level of about 140 Mbit/s. The method has a simple implementation, is rugged in
the presence of transmission errors and can convey HD-MAC signals while still in
their scrambled form. Such a codec was demonstrated at IBC 88 in Brighton, UK,
where digitised HD-MAC was transmitted over 2 kms of optical fibre.

[CCIR, 1986-90n] contains an overview of digital transmission of the
MUSE signal (see Report 1075, Annex II, for details of the MUSE signal).
The digital transmission system described is considered to be an advantageous
one especially when the destination requires a MUSE-encoded signal only. The
document states that the digital transmission of the MUSE signal is possible
with a bit rate of around 135 Mbit/s by the MUSE-DPCM scheme. Further refinement
and implementation are under way. '

A MUSE DPCM system has been developed, some tests were conducted and
demonstrations performed with actual hardware inplementation.

Ezsed on the results cf the tests, it czn be concluded thet a DPCM
at z rate of 6 bits/sample is applicable for the transmissicn of 1125/60
MUSE sicnzls without visicle cdecracaticn. This reguires a bitrat2 o 100
Mbit/seccnd, and may be suitzble for @ broacdband trznsmission channe! to te
equipped with a2 Japanese breadcasting satellite, BS-3.

Further reduction of the bit rate is necessary in order to use it in
conguanlon with transponders having a bandwidth of 36 MHz. For this purpose, a
60 Mbit/s transmission without visible degradation is a goal to be achieved

{CCIR, 1986-900].

In [CCIR, 1986-90p] different subjective effects of the bit errors
depending on three different coding schemes for HDTV still picture transmission
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are reported. For linear PCM component signals, for a sub-sampled PCM signal and
for a sub-sampled DPCM signal, relative values of bit error rates, at which the
subjective impairments are judged to be equal, were found to be 1, 1/6 and 1/10
respectively, in terms of the just perceptible limit of the impairment,.

3.4 Short-distance transmissions

3.4.1 Fibre-optic transmission

At the International Broadcast Fair, 1987, Berlin, a transmission of
1125/60/2:1 HDTV signals over a 1.152 Gbit/s fibre-optic link was demonstrated.
The total video signal bit rate was 864 Mbit/s (sampling frequency for the
luminance signal 54 MHz, for the colour difference signals 27 MHz each). The
remaining channel capacity was partly used for stereo sound and error protection
[CCIR, 1986-90a].

[CCIR, 1986-90q] describes a digital HDTV signal transmission system on
monomode optical fibre. This transmission system offers the possibility of
conveying, in a serial form; a digital data stream at 144 Mbit/s rate issued
from either a 1250/50/2 HDTV colour source (HDI standard) or from a diagonally
prefiltered HDTV 1250/50/1:1 colour source HDQ standard). The serial line data
rate is 1.296 Gbit/s. The document claims that in the near future an extension
of the system towards a transmission system which can convey two digital data
streams at a 144 Mbit/s rate will be performed. This extension would permit
carrying the HDTV picture delivered by a 1250/50/1:1 HDTV source (HDP). It would
lead to a 2.592 Gbit/s serial data rate.

An optical fibre transmission is used to transmit HDTV component
signals from Seoul Main Stadium to International Broadcasting Centre. The actual
distance of the cable was 34 km. The baseband signal used to this section was a
component video signal of the luminance signal (Y) and the colour-difference
signals (Pb and Pr).

Frequency modulated component video signals and PCM audio signals of
HDTV were frequency-division multiplexed and then modulated a laser diode. An
optical repeater was placed in the middle of the path. The unweighted signal-to-
noise ratios obtained with the video signals were better than 55 dB.

MUSE signals were transmitted through an optical fibre from the
Broadcasting Centre to some demonstration sites in downtown Tokyo during 1988
Seoul Olympic Games. In the system, a SWFM-IM (square wave frequency modulation
- intensity modulation) was employed.

3.4.2 CATV distribution

CATV networks are also an important distribution medium of HDTV
programmes to the general public. For this purpose, several methods have been
proposed, and some experimental results have been reported.

The choice of an HDTV transmission system for the CATV network depends
on various criteria such as the required RF signal bandwidth, the necessary
guard band to avoid adjacent channel interference, the required C/N before
demodulation, and the complexity of the subscriber's receiver, etc. Taking these
criteria into account, an FM transmission system and an AM-VSB system were
examined and experiments were carried out using both.
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In" addition- terrestrial broadcasting, satellite, and Cable TV
. - - : - -
NetTwcriks all have imgortant roles to play ancd ars intesrconnects
with cne ancther. Deccument 11/27¢ (Rev 1), the Report of
IWP 11/6, states that tarrestrial emissicn standards sheuld
ctnsicer:

n.

r ccompatinility with existing terrestriel

Large scale HDTV distribution experiments were carried out by the CATV
Hi-Vision Promoting Association of Japan from 28 October to 3 November 1988. The
HDTV signal was encoded to MUSE, frequency modulated on a 400 MHz carrier and
combined with the conventional CATV signals being fed into the network. The
modulated MUSE signal was also sent to another head/end through a two-hop
microwave link in the 23 GHz band and the received signal was further relayed
through an optical fibre link about 21 km long to another trunk route of the
CATV network. HDTV signals were monitored at eight major check points, all of
which observed excellent quality signals. The unweighted S/N was over 50 dB at
the farthest point in the CATV facilities after a two-hop microwave link, one
optical fibre link and nine trunk amplifiers.

The required RF-bandwidth of an AM-VSB system is 12 MHz and no guard
bands are necessary. However, a higher C/N value is needed, which increases the
load on the trunk amplifiers. In the case of distributing the MUSE signal
received from the broadcasting satellite, a mode converter which includes
recovery from the non-linear emphasis may be necessary. This system was also
demonstrated at the Annual Convention of the NCTA (National Cable Television
Association) in the United States, using existing CATV facilities. This
demonstration confirmed that there was no mutual interference between a MUSE
signal and conventional TV signals.

The above results indicate that, in practice, either method can be used
depending on the situation encountered.

As described in Part 7, the United States is examining terrestrial
over-the-air systems requiring 6 MHz, 6 plus 3 MHz, and 6 plus 6 MHz of channel
bandwidth. No decision has yet been made on which approach to follow. This is
due largely to the need to carry out required tests on proponent systems and to
formulate the necessary spectrum management framework. The United States Cable
Television Laboratories, Inc., plans to carry out tests of proposed ATV systems
over cable facilities to determine the suitability of each for Cable TV Network
use.
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Paramecers to be tested which represent the key technical and operacing
constraincs for cable TV networks are:
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[CCIR. 1986-90r].

[CCIR, 1986-90f] describes HDMAC bandwidth reduction coding principles
for the emission of HDTV pictures derived from the proposed 1250/506/1 standard
and is a status report on the studies in the Eureka-95 project. It states that
HDMAC is optimized to allow the introduction of HDIV services on WARC 77-BS
channels while preserving compatibility with the MAC/packet system. The methods
of bandwidth reduction employed are discussed including the DATV (digitally-
assisted television) concept and multi-branch coding. Some design trade-offs are
highlighted, and reference is made to the subjective assessments which have led
to the system being adopted by the Eureka project. It proposes that Report AZ/11
should be modified to take account of the document.

In [CCIR, 1986-90s], it is reported that AM/VSB and FM/VSB have been
proposed for HDMAC cable distribution. AM/VSB is applied to the time multiplex
baseband signal. The use of a channel spacing of 12 MHz has been demonstrated
and is recommended as a common standard. The VSB Nyquist filtering is in the
range of = 500 kHz around the carrier and for compatible reception shall be the
same as for MAC/packet distribution. The HD-Nyquist roll-off factor and the
sharing between transmitter and receiver is under study. FM/VSB has also been
demonstrated. It requires the use of a channel spacing of 16 MHz. Modulation
parameters are under study.

ts of t=x
3

inaticns-
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Althcugh demcnstrations have teen praser
tasts listac kelecw must be kacwn for all Land
of ATV systsms, including EDTV, befcre making any
rzccrmencaticns. Before transmission standards for cable TV networks can be
established, the results of the tests listed above will be needed. The same
should apply when considering any transmission system for use on cable TV
networks [CCIR, 1986-90r].

[t )
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PART 10 - CONSUMER EQUIPMENT FOR HDTV
1. Introduction
This Part of the Report deals with domestic equipment for HDTV.

[CCIR, 1986-90a] stresses, in § 6.1, the need for considering the
characteristics of all the potential delivery media for HDTV to the viewer's
home in parallel in order to minimize receiver complexity through maximum
circuit commonality such as picture processor, sound processor and control
circuits leading to a minimum cost of the equipment.

2. Consumer-use display

A large screen high-resolution display is necessary for an HDTV
reception system. This is also a key factor for determining the speed at which
HDTV becomes popular. Direct-view displays using large-size cathode-ray tubes
(CRTs) have been developed with an aspect ratio of about 16:9. For example,
recently developed 51 to 104 cm CRT displays have sufficient brlghtness (90 to
230 cd/m2) and resolution for home use.

Projection displays using CRTs have also been developed with diagonals
of over 100 cm. For rear projection displays, almost sufficient brightness and
resolutlon have been obtained with 127-178 cm diagonals at a brightness of about
400 cd/m?.

To solve the problem of large-area flicker for 50 Hz field systems,
especially for large screens, field rate up-conversion was investigated and
several up-converters and displays were demonstrated in September 1988
(IBC 88, Brighton, United Kingdom).

Both direct view and projection displays for the converted signal on
the display standard of 1250/100/2:1 with 62.5 kHz line frequency and a video
bandwidth of about 60 MHz were built and demonstrated.

Another front projector designed to give a large screen made use of an
automatic deflection circuit, ranging from 16 kHz to 62 kHz line rate and from
50 Hz to 100 Hz field rate, and enabled the display of both 1250/50/2:1 and
1250/100/2:1 scanning.

The simplest method of achieving field rate up-conversion is to repeat
the fields producing two consecutive odd fields followed by two comsecutive even
fields. However, to remove problems such as interline twitter, reduction of
resolution and judder, sophisticated techniques such as interpolation, picture
reception and usage of DATV control signals may have to be applied.

3. Consumer-use receivers

3.1 ‘ General

Receiving equipment is an important sub-system in the HDTV broadcasting
system, since it comprises the major part of the system’s expense, and it
determines system acceptability.

Receiving equipment of the HDTV broadcasting system, as well as the
conventional system, basically consists of front-end units including an antenna,
down converter, IF and demodulation stage, and a display. The front-end units
are generally similar to those of conventional television receivers and are
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dopendent on each broadcasting media. In the case of the narrow RF-band
satellite broadcasting using the MUSE system, existing front-end units can be
used commonly, or with some modification. This is verified through a number of
receivers and field tests.

In Japan, HDTV experimental satellite broadcasting with the MUSE system
has been in operation every day at a scheduled time for one hour by BS-2b since
3 June 1989. For the reception of this experimental HDTV satellite broadcasting,
the same receiving antenna and the outdoor unit as those used for existing
satellite broadcasting with digital subcarrier/NTSC system are being used.

The indoor unit is configured so as to be able to receive both digital
subcarrier/NTSC and MUSE systems. '

When receiving the MUSE siznal, the FM detected MUSE signal
is supplied to the MUSE decoder, where the'dispersal signal is
removed and de-emphasis is performed. The keyved AFC clamp pulse
1s supplied from the MUSE decoder to the indoor unit. For this
purrose connecting terminals for detected signazl output and for
clamp pulse input are provided with the indoor unit. - -

+ of the receiving antennz and the noise figure
whicHd azre availahle in current consumer market,

Three manufacturers announced on 20 September 1989 developments of
prototypes of MUSE receiver for consumer-use. They utilize a series of custom
VLSIs. These VLSIs themselves are reported in section 3.2 of Part 10.

The anncunced recsivers zre of 32—inch CRT type and E0-inch reart
_ projection tyre. Thev are sc cesicred as io raceive those signals of the

canventicnzl VHEF/UKFE :alevision. of Clear Visicn (an enhanced quality .te!e—
vision in Jagan). and of Hi-Visicn (HDTV in Jzpan) with 2 single eguipment.

Host of them arz capable of reprocducing the 3-1 Surround Sound
(described in Report 1072) accompanied bv the HDTV picture. Comnections with
VCRs and VDPs have also been taken into their design in some cases.

Such achievement can te tazken as an initizl phase of the cevelopment,
and further efforts will te made itcwerd the second phasz in which stch
corisumer—use receivers wiil te mace avgilecie in 2 larga quantity

[CCIR, 1986-90c].

Special consideration is given to other receiving equipment, and is
described in the following sections.

3.2 HDTV decoders

3.2.1 General considerations

Most HDTV systems use digital processing, employing frame stores in
order to achieve large-scale bandwidth compression. The required number of logic
gates would be several tens of thousands and the necessary capacity of the store
would be of the order of 10 Mbit.

Since the reduction of receiver cost depends on how efficiently large-
scale integrated circuitry (LSI) can be introduced to signal processing,
development of LSI for the MUSE decoder and related technologies is rapidly.
progressing. Recent trends towards larger capacity of the stores, from 1 Mbit to
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L4
more than 4 Mbit, "and towards digitization of conventional television receivers
are expected to expedite the development of LSI circuitry for HDIV receivers.

3.2.2 MUSE decoder

As for the MUSE decoder, internal clock frequencies range from 16.2 MHz
to 48.6 MHz, and the amount of memory capacity is about 20 Mbit for use in such
functions as interpolation and motion detection. Experimental decoders using
discrete parts, including medium-scale ICs, are produced by many different
manufacturers. They have been constructed in a reasonably small size and are
light-weight (e.g. volume 0.084m3, weight 50 kg) to serve as portable models.

Recently, a total of 26 kinds of custom ViSIs have been developed for
the MUSE decoder. Employing these VLSIs, the decoder can be built with 46 pieces
of custom VLSIs. The size and the power consumption of the decoder became
approximately 1/30th that of the prototype made with conventional ICs. Such a
development of the VLSIs made a significant stap forward to realize low cost
MUSE receivers for home-use [CCIR, 1986-90d].

HDTV receiving equipment also plays an important role in the
development of other consumer equipment. For example, the MUSE receiver has a
built-in memory with a capacity of about 20 Mbit. Attempts are being made to
connect it to personal computers and other image processing equipment.

Successful interfacing with other devices will make the MUSE receiver
multi-functional, enabling it to serve as a total information terminal in the

home.

3.2.3 HDMAC decoder

The HDMAC decoder digitizes the input signal with a clock-frequency of
20.25 MHz, since the Nyquist frequency point is situated at 10.125 MHz. The
output sampling frequency is 54 MHz for luminance in the 1250/50/2 display
standard.
The EDMAC raceiver includes an EDMAC bandvidth reduction decoder
(32D) vith an optional upconverter to a field rate of 100 Hz. The BRD
gives as output zan ¥, U, V signzl on the 1250/50/2 stzndard vith an aspect
ratio of 16:9. The upcanverter will ocutput zn 1250/100/2 signal. -

The B2D contzins five field zemoriss for luminznce and chrominance,
e=zch with 283 lines znd ezch zciive line witi 698 luminznce and 349 chrominzncse
szaples of 8 bit, totziling some 12 Mbi:.
non-linezr interpolators ares integzztad.
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Several events are plamnned to be broadcast "live" throughout Europe,
using the HD-MAC/packet system. Therefore the European manufacturers for
consumer electronics in the Federal Republic of Germany, Finland, France,
Netherlands, Sweden and the United Kingdom have started to develop HD-MAC
receivers with a high degree of circuit integration. :

The development of the HD"MAC receivers is based on the experimental
decoders that were made for and demonstrated at the Internationale Funk-
Ausstellung 1989 (IFA) in Berlin (West) [CCIR. 1986-90e].
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Most of the raceivers will have a projection type of dlsplay, vhich

* is regarded as the best method today for displays with a diagonal size of over
1 meter.

- All receivers vill be able to display conventional PAL/SECAM signals

as well as MAC signals in both 4:3 and 16:9 aspect ratio. ‘ -

The DATV concept allows all the intelligent decision circuitry to be
placed in the encoder. Consequently, the decoder complexity is much less and

benefits from future improvement in the coding process [CCIR, 1986-90f and g].

4. Consumer-use converters

MUSE to 525-1line standards converter

Considering compatibility with the existing receiver and displays, a
MUSE to 525-line standards converter, intended for use with consumer receivers
was developed and demonstrated. This is of small size (made up of four 20 cm by
30 cm circuit boards).

The resultant 525-1line picture from this converter has, on average,
higher quality than the normal picture originated with NTSC standard, although
it has some flicker at the edge, with less interference than that caused by the
NTSC cross-colour. It has a simple circuit construction and it will be made
available at a lower price by using LSI technology. The development of this MUSE
to 525-line standards converter gave some prospect to HDTV broadcasting in the
1125-1ine system which can be received utilizing conventional 525-1line
receivers.

After these studies [CCIR, 1986-90h], several VLSIs have been
successfully developed. A simple version of such a converter has been realized
on a single VLSI-chip for low-cost applications. Another version employs five
separate VLSIs. This version enables the choice of the aspect-ratio conversion
by discarding side panels or by the letter box format with blanks at the cop and
bottom of NTSC plcture {CCIR, 1986-90i].

5. Consumer-use recorders

5.1 Video cassette recorders

[CCIR, 1986-90j and k] report the development in the Netherlands of a
video cassette recorder using an improved VHS transport for recording and
replaying an HD-MAC signal [Weissensteiner, 1988]. This recording was
demonstrated at the International Broadcasting Convention in September 1988. It
achieves a signal bandwidth of 10.125 MHz (-6 dB) and an unweighted video
signal-to-noise ratio of 42 dB by using four heads, two frequency-modulated
recording channels and digital video and audio processing, with a residual
timing error of < 15 ns. It was able to record 80 min of HD-MAC (or MAC) signal
on one 1/2-inch metal particle tape and included drop-out compensation.

The HD-MAC recorder is also capable of recording and replaying the
625 lines, 50 Hz television signals (D2MAC, PAL, SECAM). With some adaptations
other types of television signals can also be recorded, like 1050 lines,
59.94 Hz. More information about this recorder is given in Report 1233.

A MUSE VCR for consumer use has already been developed [Ninomiya
et al., 1987].

x4
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5.2 Disc systems

Disc systems that record and play back a MUSE signal have also been
developed and can accommodate 60 min of HDTV programming on both sides of a
30 cm CLV (constant linear velocity) disc. The disc player can be used in
combination with MUSE decoders in receivers and is expected to find a variety of
applications in many fields as a long time playing medium of HDTV. Discs with
customer’s video materials can also be made.

[CCIR, 1986-1990j and 1] report the development of an HD-MAC video disk
player which was demonstrated at the International Broadcasting Convention in
September 1988. This HD-MAC video disk player was developed in the Netherlands,
based on existing optical laser and disk techniques [Horstman, 1988]. Its
bandwidth is about 12 MHz with an unweighted signal-to-noise ratio of 32 dB and
a residual timing error of -6 ns. The playing time is 20 min per side for a
30 ecm (12 inch) diameter disk.

This HD-MAC video disk player is capable of reproducing next to the
complete D2-HD-MAC signal, with the full data/sound possibilities of the D2-MAC
a Compact Disk (CD) signal. This CD signal is recorded in the lower band of the
FM spectrum. More information about this video disk player is given in
Report . 1233.°

5.3 Still-picture disc player

A digital MUSE video disc for still pictures, called CD-HV, has been
developed. A 12 cm disc in conformity with the CD-ROM standard is used. Thus,
about 640 still pictures with digital stereo sounds can be accommodated in a
single disc. It can be played back either in sequential playback mode with
60 min of playing time for one disc, or random access mode with an average
access time of 4.5 s [CCIR, 1986-90m].
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REPORT 1217

FUTURE DEVELOPMENT OF HDTV
(Question 27/11)

(1990)
1. Introduction

The Extraordinary Meeting of Study Group 11, May 1989, identified
studies that need to be undertaken as expeditiously as possible in order to
further build on the agreements already achieved. This report outlines:

- approaches to a single world-wide HDTV studio standard;

- preliminary studies;

- further activities to be undertaken.

2. Approaches to a single world-wide HDTV studio standard
2.1 Concepts for approaches to a single world-wide digital HDTV studio
standard

The long-term future of HDTV lies in the digital domain, and equally
the long-term future of HDTV standards should lie with unique world-wide
standards. In order to achieve this, a number of alternative routes were
identified at the 1987 CCIR Interim Meeting. They were essentially defined in
digital terms, with any required analogue definitions derived from the digital
ones. The routes proposed were as follows:

a) The concept of a "virtual studio standard"

In this concept, there is a unique format for a digital data bus which
is used to transport and record HDTV signals. The source and destination could
communicate using the unified standard by means of gateways, which perform the
appropriate standards conversion.

A "virtual studio standard" [Miceli, 1986; Fierro and Miceli, 1987],
may be considered as a common standard for the purpose of exchanging programmes.
Consequently, its characteristics should be chosen in order to allow the minimum
of artifacts resulting from possible double conversions.
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Some general characteristics of the virtual studio standard would
include:

a) it should be digital, because of the greater flexibility and the
most powerful processing capability allowed;

b) it should be independent of the physical studio equipment and
therefore from the current technology;

c) it should allow enough headroom for production, the standards
conversion process and for accommodating future needs;

d) it should lead to manageable bit rates.

The overall system performance between source and destination at any
time, will be dependent on the characteristics of the actual equipment in the
video chain at that time. Therefore, the system performance can be further
improved, without affecting the coding structure, by simply improving the local
characteristics of the weakest devices along the video path. - -

Examples of this concept are found in discussions of the common image
format and common data rate approaches below.

b) The concept of a totally unique parameter set from the outset (adoption
of an existing proposal in digital form)

In this scenario there would be, from the outset, a direct and
universal adoption of a single studio standard. This could arguably be based on
50 Hz, 60 Hz, or even some other value. Factors which could affect the choice
include motion portrayal, existing practices and display technology.

Examples of possible values can be found in Part 5 of Report 801.

c) The concept of a two-step approach

This scenario relies on the widespread introduction of switchable
(50 Hz-based/60 Hz-based) HDTV studio equipment. This would not dispense with
the need for standards conversion in HDTV programme exchange between countries
using different standards, but it would lead to the possibility of the universal
use of one or other systems in the course of time.

d) The concept of a convergent approach

This scenario relies on the adoption of common spatial characteristics
of the active picture area for applications using current picture rates
initially with ultimate convergence on a single picture rate in the course of
time.

2.2 Possible approaches to the development of s single world-wide HDTV
standard

This section examines some approaches to a unified world-wide HDTV
standard from the viewpoint of digital technology and outlines approaches that
could be considered as routes towards a single world-wide standard.
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[CCIR, 1986-90a] from IWP 11/7 also discussed related studies for

digital formats. Three approaches to achieve ultimately a "unique world-wide

standard"

for studio production and international programme exchange on the

basis of the single picture rate are:-

- the adoption of a single "unique" standard meeting the goals of
Decision 58;

- the adoption of standards based on the "common image format"
approach leading to the future adoption of a single standard;

- the adoption of standards based on the "common data rate"
approach leading to the future adoption of a single standard.

Contributions have been received from a number of administrations

further developing these concepts and the following explanations have been
proposed to characterize and to distinguish between the "common image format"
and "common data rate" concepts:

Common Image Format

The common image format {(CIF) concept implies a commonality of spatial
characteristics for the active picture area between implementations or
applications with differing picture rates. These common characteristics
include the picture aspect ratio, the naumber of samples per active line

and the number of active lines, 2

exemplified in current propcsails for

s
BDTV. Other system characteristice may also be commen whilst sampling

frequency and data~rate may vary accerding to the picture rate.

Common Data—Rate

The common data-rate (CDR)

frequency and data-rate
iffering picture rates
samples per active line are

proposals for HDTV. Other sys

whiast the nunber of active 1

rate.

Preopocals have also been made cembining ¢

format approach with a commen total data-rate.

1

m characteristics may also be co

Also the following definitions [CCIR, 1986-90b] are intended only for

use in clarifying CCIR texts concerning HDTV.

A Sample, is the value of an image at a defined point in horizontal,

vertical and temporal space.

A square sample distribution results when the sampling points are equispaced on
an orthogonal horizontal-vertical lattice on a time-discrete image plane,

assumed to be vertical for the purpose of this definition.

Pixel is the abbreviation of “picture element ". It is the smallest

area of the optical image that can be faithfully reproduced.

A sguare pixel has equal size in the horizontal and vertical

directions.

With respect to the resolution actually achievable, the relation
between samples and pixels is not necessarily identical in either or both the

horizontal and vertical directions

} concept implies a commonality of sampling
{total and active! betwesn impiementations with

Th cture aspect ratio and the naumber of
soc common, as e=xemplified in current

nes may vary according to the picturs

he featur=scs of a common image
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2.2.1 A unigue‘standard

All administrations have stated their preference for a single world-
wide studio standard for HDTV. In [CCIR, 1986-90c] are summarized the essential
reasons for the need for a world-wide unique studio standard for high definition
television.

In [CCIR, 1986-90d] EBU states that it remains convinced of the value
of a totally unique standard, but is studying other approaches against the
possibility that it cannot be achieved.

Based on analysis [CCIR, 1986-90e] and the information contained in
Part 5 of Report 801-3 the United States concluded that a single world standard
should be based on 1125/60 [CCIR, 1986-90f]. The United States now believes
[CCIR, 1986-90g] that it is apparent that unanimous agreement on a complete set
of parameter values for a single world-wide HDTV studio standard is not possible
during the 1986-1990 study period. Therefore, the United States proposed that
the adoption of a single world-wide HDTV studio standard be extended to the
1990-1994 study period. - -

In Document [CCIR, 1986-90h] the United Sfates reaffirms its support
for the adoption of a single world-wide HDTV standard for the studio and for
international programme exchange as a very important CCIR goal.

A proposed draft Recommendation supported by 11 administrations for
parameter values for a single world-wide programme standard (1250/50/1:1) is
given in [CCIR, 1986-90i].

Document [CCIR, 1986-90j] states that these European Administrations
report that the administrations of the European Community fully supports the
goal of a unique studio standard and considers that the 1250/50/1:1 system best
meets this target. However, following agreement within the CCIR to study a two-
step approach based on either a common image format or a common data rate,
studies have been carried out into the relative merits of the two approaches and
the results are analysed in the document.

Documents [CCIR, 1986-90k and 1] argue that an HDTV standard that meets
the needs expressed in CCIR documentation can most efficiently be implemented in
the long-term with an image format of 1920 samples per line by 1080 active lines
and a common frame rate.

2.2.2 A common image format approach

This approach, described by some administrations as a "unified"
approach to a single standard is based on the fact that the development of a
single standard is presently constrained by the desire for compatibility with
the frame rates of existing television systems but that such constraint will
likely be removed, in time, by developments in technology leading to the setting
of a standard based on a higher frame rate for better motion rendition and
easier conversion to all current frame rates. Initial studies [CCIR, 1986-90m]
have indicated that frame rates higher than the ones presently in use will be
needed in HDTV production if unimpaired motion portrayal is required. The common
image format approach leads, in the interim, to a partial standard including
only parameters for which single values are adopted on a world-wide basis.
Adoption of common values for the basic parameters should lead to convergence
towards a single world standard and avoid re-opening discussion on already
agreed parameters during the later steps of the process. The partial standard



Rep. 1217

will allow different system implementations meeting the common agreed parameters
and harmonized with the current television systems. The larger the number of
parameters adopted at the beginning, the better it is to maximize homogeneity
between the different system implementations, and the easier it will be to
convert programmes produced through interim system implementations to the
ultimate single standard.

In order to secure the convergence process toward a single
standard, a number of basic parameters need to be identified for
which single values have to be agreed upon early in the process.
The multi-step"unified"approach is based on the concept of "common
image format™ to define the first step by a2llowing early agreement
on image parameters leaving the frame rate, the scanning method and
the related parameters for later discussions and agreement.

The concept of the Common Image Formzt is based on a broad view
of image reproduction techniques including aspects from the fields
of television, film, computer display and publishing. It consists
of using common values for the parameters defining the active
picture area in different HDTV system implementations. An image
is a bounded, two-dimensional representation of a three-dimensionzal
space which is defined by its spatial characteristics and its
luminance and colour transfer functions. The image format is the
specification of a virtual image defining the active picture area of the
television frame. Figure 1 gives a pictorial representation of the concept of a
common image format along with a possible set of parameter values.

The concept of a common image format applied in the context of the
"unified" approach to a single HDTV standard implies a world-wide agreement on
the following basic parameters of the active image area:

- aspect ratio of the image;
- aspect ratio of the picture element (pixel);
- number of samples in the horizontal direction;

- number of samples in the vertical direction (i.e. number of
lines);

- sample arrangement;

- colorimetry - reference primaries, reference white;

- opto-electronic transfer characteristic at the camera; and
- electro-optic transfer characteristic at the display.

These correspond to the parameters in sections 1, 2 and 4 of the table
in Recommendation 709 ——The definition of the common image format is
exclusively confined to the samples and spatial domains of the active picture
area and relates to its digital representation. The way this image is scanned
for transmission, its repetition rate to reproduce motion, and its rendering on
a physical display include temporal and subjective aspects that are beyond the
definition of the image format. The concept leaves complete freedom as to the
choice of scanning method, the frame rate and the size of the blanking intervals
needed for synchronization and other purposes in the implementation of different
HDTV distribution systems formats (see Fig.2) [CCIR, 1986-901].
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[CCIR, 1986-90n] suggests that an image frame with 2 250 000 samples
will simplify the task of ensuring compatibility with Recommendation 601 and
proposes a common image format based on 1080 active scanning lines per frame.
This number of scanning lines is derived from a pixel aspect ratio of 1:1. No
three parameters can be chosen without automatically defining the fourth as
illustrated below. Active horizontal pixels, aspect ratio, active vertical
pixels and pixel aspect ratio are interrelated by the formula:

active horizontal pixels aspect ratio®

active vertical pixels pixel aspect ratio®

[CCIR, 1986-900] points to advantages for electronic image processing
and for a wide variety of non-broadcast applications.

[CCIR, 1986-90p] claims that a common image approach to the HDTV
standard is at once economical, logical and technically sound, being based on
the natural unit of TV and film production, the time-discrete image sample, the
"frame". It is believed that the common image approach is the only one, short of
immediate adoption of a "unique" standard, that will lead to the eventual
adoption of the desired single world-wide standard.

The common image format can be seen as an electronic equivalent of a
35 mm film image and so it allows flexibility in the choice of picture rate. The
actual rate will depend on the application, but all picture rates employed in
current image display systems could be accommodated [CCIR, 1986-900].

[CCIR, 1986-90q] outlines two examples of common image format systems.
The first uses 1152 active lines and 1200 total lines, and both interlaced and
sequential scanning are considered. The second uses 1080 active lines and 1125
total lines, both with interlaced scanning. The EBU is currently investigating
common image formats which also have a common data rate.

In [CCIR, 1986-90g] the United States expressed its belief that the
concept of a "common image format"™ should be explored as an interim step in the
development of a future single world-wide HDTV studio standard. The United
States has continued its studies [CCIR, 1986-90h] of the concept of common image
format and common data rate and has concluded that the common image format, as
an interim step, is the approach which is most likely to lead to the future
single world-wide HDTV standard for the studio and for international programme
exchange. The United States supports the common image format approach and could
support the concept of common data rate if the principle of common image format
is fully incorporated within it. '

The ABU points out [CCIR, 1986-90r] that "all possible efforts should
be made for the development of all parameter values which remain undefined in
Recommendation 709 in the conclusions of the Extraordinary Meeting of Study
Group 11. Should such objective not be achievable within the current study
period, the ABU will support in this period the adoption of a common image
format with 1920 x 1080 for the studio standard as a unified CCIR
Recommendation, provided that there is a common agreement within the CCIR".

* Picture and pixel aspect ratio are defined by width : height.
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[CCIR, 1986-90s] points out that while the common image format concept
implies that the horizontal and vertical active portions of the image are the
same for all members of the family, the blanking periods, total line period, and
total number of lines can be varied between members of the family to provide
compatibility with existing picture rates, provide for vertical anti-aliasing,
and ease selection of a sampling rate that is an integer multiple of 2.25 MHz.

It is shown in [CCIR, 1986-90t] that it is possible to have both a
common image structure and overall common data rate by enclosing the proposed
common active image structure within the appropriate full frame structures of
current proposals through the use of different but quite realistic values for
horizontal and vertical blanking.

2.2.3 A common data rate approach

In the first step of this approach, it is assumed that HDTV standards
based on 50 Hz and 59.94 Hz field rates related to current emission standards
would be adopted, but having a maximum of commonality in other parameters such
as line frequency and sampling frequency, based on the principles of
Recommendation 601, leading to a common data rate.

Central to any approach which commences with more than one picture rate
is the need for high quality conversion as a gateway between the different HDTV
standards during the first phase. Document [CCIR, 1986-90u] reports confidence
in the likely availability of high quality converters demonstrating the
viability of a common data rate approach as the first step towards a single HDTV
standard.

In addition, Document [CCIR, 1986-90v] suggests that the advantages to
manufacturers of having a single product which can be sold world-wide are
significant, as are the advantages to the broadcaster who may at times wish to
use his equipment on the alternative standard. The manufacturers’ advantages of
commonality can be easily eroded if significant changes need to occur within
such equipments when switching between standards. Commonality advantages to the
broadcaster can also diminish if changing standard means also changing an
equipment’s operating environment, perhaps because of different interfacing
requirements. In this regard it is instructive to examine the commonalities
which were considered important in the choice of parameters for
Recommendation 601. Of great consequence however for HDTIV sampling specification
is also the ease of conversion to and from the parameters of Recommendation 601
itself. A simple relationship in terms of picture rate and line number between
HDTV and current scanning standards is fundamental to the concept of practical
compatible emission. This issue is being addressed in both 625- and 525-line
countries.

Similarly there is a real practical need for the inclusion of picture
material originated at 525/59.94 and 625/50 into HDTV productions and vice
versa; Document [CCIR, 1986-90w] concludes that a similar simple relationship
between each HDTV system and its respective present definition television
system, as provided by CDR, should make these conversions more straightforward.

As a first step, the common data rate approach therefore chooses to
retain, between two 16:9 ratio HDTV standards, the same features in common as
the Recommendation 601 pair and a simple conversion to and from the respective
member of the Recommendation 601 pair.
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Figure 3 ‘shows the concept of the HDTV future delivery environment in
step 1. All items of studio equipment are switchable between 59.94 and 50 Hz
field rates. The 59.94 and 50 Hz studios exchange programme material through a
high quality HDTV-HDTV standards converter. For HDTV distribution in the local
environment no field-rate or line-rate conversion is required. The converters
required for 525- or 625-line distribution or enhanced 525- or 625-line
broadcasting are relatively simple line-rate converters. Similarly the
arrangements for 525- or 625-line contrlbutlons to the HDTV production centre

are simple and of high quality.

Advances in digital technology should enable the second step to be
taken where one of the two standards is adopted as the single production
standard. For the other standard the consequence will be more complex standards
conversion for distribution and enhance emission or for contributions from
normal definition television standards. The timing of the second step will be
determined by technology and by economic factors.
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