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Many Factors Could Affect
Color Quality
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Many Factors Affect Color Quality
- In the Camera Chain and Studio
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Many Factors Affect Color Quality

- In the Camera Chain and Studio
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Many Factors Affect Color Quality

- In the Camera Chain and Studio
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" Prior to shipment from the factory, this camera tube was inspected and carefully tested on the basis
of actual television pictures produced by it, and was found to equal or exceed specification quality, How-
ever, camera tubes contain certain chemical elements which are not very stable, such as cesium. Conse-
quently, operating performance can vary substantially with time. RCA Image Orthicons are designed to
reduce the possibility of such change to a minimum, If, for any reason, this camera tube does not give

satisfactory service within the warranty-adjustment period stated in the RCA Adjustment Policy for
this type, a claim for adjustment may be made through your RCA distributor or direct to RCA.

SAYE THE ENCLOSED RETURN AUTHORIZATION FORMS



Many Factors Affect Color Quality
- In the Camera Chain and Studio
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The operating tempercture of any part of the
glass bulb should never exceed 50°C, and no part
of the bulb at the large end of the tube [target
section) should ever fall below 35°C during
operation. The temperature of the target is
essentially the same as that of the adjacent
glass bulb and can, therefore, be determined by
measuring the temperature of the glass bulb ad-
jacent to the target. For best results, it is
recommended that the temperature of the entire
bulb be held between 35° and 45°C. Operation at



Many Factors Affect Color Quality
- In the Camera Chain and Studio

too low a temperature will be characterized by
the appearance of a rapidly disappearing "stick-
ing picture”" of opposite polarity fromthecriginal
when the picture is moved. QOperation at too high
a temperature will cause loss of resolution and
possibly permanent damage to the tube. Resclution
is regained by waiting for the temperature to
drop below 45°C. No part of the bulb should run
more tharn 5° hotter than the target section to
prevent cesium migration to the target. Such



Many Factors Affect Color Quality
- In the Camera Chain and Studio

migration will result in loss of resolution and
in probable permanent damage to the tube. Ljke
other photosensitive devices employing cesium,
the 5820 may show fluctuations in performance
from time to time. Strict observance of the
above recommendations with respect to operating
temperature will not completely eliminate these
variations but will greatly Improve the stability

of the characteristics during the life of the
tube.



Many Factors Affect Color Quality
- In the Camera Chain and Studio
- Setup

*Make sure scan is OK (overscanned)

«\Warm up 30 minutes to 1 hour with lens capped and beam off

*Make sure scan is OK (overscanned)

sUncap momentarily and adjust grid 1 voltage for small beam current
*Recap and adjust beam current

*Adjust alignment colil current so that beam center does not move with focus
sUncap lens and determine target cutoff voltage (image just visible)

*Raise target 2 volts higher

*Raise beam current to discharge highlights

*Adjust photocathode voltage and G4 voltage for sharpest picture

*Adjust G5 for highest voltage possible with minimum center-edge shading
*Adjust G3 for max signal

*Adjust G6 and photocathode voltage to remove any S-shape of a straight
line

*Recap the lens and repeat the alignment current adjustment



Many Factors Affect Color Quality
- In the Camera Chain and Studio
- Setup (continued)

*Uncap the lens and set the iris so the highlights reach the knee

*Readjust the beam current to discharge the highlights

*Repeat the above two actions to be sure the knee has been reached rather
than beam current limiting

*Recap lens and re-adjust G3 for minimum black shading

*Repeat all of the above for best results

*Raise the target voltage to 4 volts above cutoff to prevent gradual
highlight compression

DO ALL OF THE ABOVE for all 3 image orthicons, adjusting neutral
density filters in two paths for equal performance of red, green, blue

*READY TO MAKE PICTURES? NO! - still have to do registration and
shading adjustments



Many Factors Affect Color Quality
- In the Camera Chain and Studio
- Setup (continued)

*As you can see, setup of a 3- IO camera was like repeating a
science experiment each time

oIt's no wonder that results varied and depended on the experience of
the technicians

*Evidence in existing video tapes indicates that NBC Burbank got
more consistent results than NBC New York, for example.

*Round-CRT receivers were actually a blessing, as corner shading
and misregistration weren't visible at home
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Many Factors Affect Color Quality
- In the Camera Chain and Studio
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TYPICAL STUDIO LIGHT LEVELS USED FOR COLOR TRANSMISSION
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Fig.7 -Light Transfer Characteristics
of Type 6474.



Many Factors Affect Color Quality
- In the Camera Chain and Studio
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Many Factors Affect Color Quality
- In the Camera Chain and Studio
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Many Factors Affect Color Quality
- In the Camera Chain and Studio
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Many Factors Affect Color Quality
- In the Camera Chain and Studio
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Many Factors Affect Color Quality
- In the Camera Chain and Studio
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Many Factors Affect Color Quality
- In the Camera Chain and Studio



Many Factors Affect Color Quality
- In the Camera Chain and Studio
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Many Factors Affect Color Quality
— In the Transmitter
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Many Factors Affect Color Quality

- In Recelvers
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Many Factors Affect Color Quality
- In Recelvers
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1931 CIE x,y chart
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1976 UCS* chart
(Projection of 1931 Chart)
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*Better Match to Eye’s

Sensitivity to Color Differences

*Triangles Remain Triangles

*Uniform Chromaticity Scale
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SMPTE Standard 0303M-2002, Television — Color Reference Pattern
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Vertical Axis:
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Parker 9300K + 27 MPCD to sRGB

Rs = Gs = Bs =
Rn 0.8632 -0.0157 -0.0156
Gn -0.1460 1.0726 0.0683
Bn 0.0254 -0.0046 1.1882

* sSRGB primaries = HDTV primaries = ITU-R 709 primaries
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Parker's correction matrix for 9300K + 27MPCD

Rprime= Gprime= Bprime=
R 1.5468 -0.0187 0.0095
G -0.1977 0.8960 -0.2231
B -0.3491 0.1226 1.2135
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Order of Processing

Curves: sRGB gamma correction

Channel Mixer (3x3 matrix)
receiver primaries and white to sRGB

Curves: CRT gamma

Channel Mixer (3x3 matrix) per Parker

Curves: NTSC gamma correction

Channel Mixer (3x3 matrix) to NTSC

Curves: remove sRGB gamma correction

sRGB source image
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Parker's correction matrix for 9300K + 27MPCD

Rprime= Gprime= Bprime=
R 1.5468 -0.0187 0.0095
G -0.1977 0.8960 -0.2231
B -0.3491 0.1226 1.2135

Higher-saturation correction matrix for 9300K +
27TMPCD
Rprime= Gprime= Bprime=
R 1.7800 -0.0812 0.0476
G -0.3760 0.9562 -0.3827
B -0.4036 0.1251 1.4303
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* The following parts of this presentation
generally assume an ideal NTSC display so
that the effects of the early cameras
responses can be studied

« However - Two other early displays

documented in the RCA petition to the FCC
are also studied






Image Orthicon Color Cameras
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Image Orthicon Color Cameras
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Light output

0
Volts input

CRT Gamma

Note NTSC
specification
g=2.2

(Linear scales)

Volts output

Light input

Gamma Corrector
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Limiting the gain sets an implicit limit on contrast ratio of
the system, since video below a certain level will be
attenuated by the CRT gamma

*Even with limited gain, pickup device noise is amplified in
the lowlights

*Noise obscures the shadow detalil

*Noise is partially rectified and raises the black level

?>
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GAMMA SWITCH  temm for power-law curve of 0907,
Aim:g=1.4

Non-linear load (Poor approximation

Two break points: 33% and 66% near black)

Gain slopes 1.6, 0.8, 0.6

Curve obtained:
Max slope = 1.6
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RED: TARGET COMPRESSION
MAGENTA: TARGET COMPRESSION + GAIN COMPENSATION
GREEN: FOLLOWING TK41 GAMMA CORRECTOR
BLUE: FINAL CRT OUTPUT

NOTE

Chart
scales are
linear
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Linear Camera (Without Gamma Correction) and No Added Noise
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Linear Camera with 31 dB SNR
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Camera with Target Voltage = 2 V and 31 dB SNR
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Camera with Target Voltage = 2 V, gain restored
and 31 dB SNR
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Camera with Target Voltage = 2 V and 31 dB SNR
Nominal Black Level and TK-41 Gamma Corrector Circuit
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Camera with Target Voltage = 2 V and 31 dB SNR
plus 10% Black Lift and TK-41 Gamma Corrector
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Camera with Target Voltage = 2 V and 36 dB SNR (Tube Type 6474)
plus 10% Black Lift and TK-41 Gamma Corrector Circuit
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Camera with Target Voltage =4 V and 31 dB SNR (Tube Type 5820)
plus 10% Black Lift and TK-41 Gamma Corrector Circuit
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Camera with Target Voltage = 4 V and 36 dB SNR (Tube Type 6474)
plus 10% Black Lift and TK-41 Gamma Corrector Circuit
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Linear Camera with 31 dB SNR and
Gamma Corrector with Max Slope of 9.75 (Contrast Ratio = 276:1)
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Linear Camera with 36 dB SNR and
Gamma Corrector with Max Slope of 9.75 (Contrast Ratio = 276:1)
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1/(2.2) gamma correction curve for SRGB output

NTSC to sSRGB matrix (channel mixer)

2.2 power curve of NTSC CRT

1/(2.2) gamma correction curve may be substituted for TK-41 curve
TK-41 gamma correction curve

Black lift prior to TK-41 gamma correction curve

Restore image contrast lost due to noise layer opacity

127 mid-gray with 15% Gaussian noise — opacity 10% or 16% to vary noise
Peak-to-Peak gain restoration for target compression

Image orthicon target compression curve

Approximate NTSC to Camera (Hue, Saturation, Lightness adjustments)
SRGB to NTSC matrix (channel mixer)

2.2 power curve to linearize sRGB input

Color balance filter if required

Substitute grayscale image for histograms

Base image (SRGB)
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Assumptions for Color Analysis

e [llumination - Hlluminant C

— NTSC hypothetically should reproduce objects
as seen under llluminant C

— Avoid the question of illuminant effects, study
that separately
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Red Channel
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Dichroic Plate Optics |
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Green Channel
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Blue Channel
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Results for NTSC Display

e Color Test Chart — each patch 3 ways
— As seen by the camera
— Ideal
— As seen with leas-squares matrix

e Chromaticity Diagrams

— CIE 1931 [X, V]
— CIE 1976 UCS [u’, V]
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Results for Experimental and
Hypothetical Displays

 March 1953 Camera No. 2 with Trinoscope

e March 1953 Camera No. 2 with Reduced-
Gamut Display

e Camera matrix calculated for best fit to
each display
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Approximate Results for Images

* Processing Steps (in Photoshop):
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Effect of Incandescent Lighting

Incandescent
Source

N\




e %

e %

—#K

(

$

)-),



(0 )$# )

# #*#3 %* %H# @)
A) [# =
5%$# 3$QA
514 ) 3@ I¢/
65 2 11 @ | A3,1 @A3GlI@

SIAA: @A:!'1 @ AR @
$IA: @A :,1 @ AR, G\
S @A:G1 oA R G&®




(0 )$# )

¢ 3 @# A #
SHEAI BH{®: @A:'1 @AIR!
SHO®AIRBH®: @A:,1 @AIR,
SHGAIRBH®: @A:G1 GAJRG

e L 3 /# #
1 1 %3 553133G  %4# %
D 14 3'R,RGR5



(0 )% #

e )% <1 % 2
* 0# ) 2
% #
SIQARBH$®: 5 :!11 @ AJR
S, AFSHIA: 5 :,1 @l AJRg
SGEA B H$®: 5 : Gl @AIRG
« :3 D 2 10 %
<l %* %# ) 2
#
1 AARB@& 1 @AS8
1 @ARB® ,1 @AS8,
Gl GARB@ G1 BA8G

))

%

3

%



f\ el




% %



- 4@AB  CB% :
/ [#2 )
4K >

2 | 6% - $ |/



% -
/ 4 I#2 )
4K >
2 | 6% - $ |/



#H *H#
F% $#

¢ $ @# A 1 %
#*# ) * # 14 * #

SIARKH®A:!1 @AJR!

S, AFSHAA:,1 dAJR

SGOARSH ®AA:G1I@IRG



& 6N6 &% * %10% $ (3

%! N6+

—IABLBO/cI)

Camera $/  I# ——B
Responses
Normalized for
Equal Area
(R=G=B) on White

57

67?

-66



& 6N6 &% * %10$ $ (3
%, +

| I
- ABLB%
- $/ I#




& 6 N6 38 # 3 %, + + %#

> - ABLB /# |
- $

+




& 6N6 &% * %10$ $ (3
% ! % +

| I
- ABLB%




6 N6 38 # 3 I1%+ + %WH
. . ABLB /# |
- $ ,l"\
5 1+ + '
. e
----- (
..... G(

-6>



4@AB CB 3



4@AB CB 3



4@AB CB 3 =




4@AB

CB3

#H>



4@AB CB3



4@AB

CB 3

-76



A@AB

CB 3

77



4@AB CB 3 #




4@AB CB 3







77

































Conclusions

e *# D%
* ol )#o "
# % * 0
%%* 0ok *
» % 10
) 0



Conclusions

0 %
% @ < %A * *  Op#
# ) 01 * ) 5
L 3 # %
% % 05
* * )) 3 0p
1 % %

# 1,G * %



Conclusions

. % #% 1 * %10
# ) 31# |
#% 1 % %%
. % %o#t *
# 1 %
% 10 %4 # ) #
%
(O % @ * O0O#

% A 01 % #%1
14 % )

*



(2 %

# 2 ) xx)
#*0 ) 3% 3 % % %
%# 5 # *) 0 2
10G %) 2 # ) C<
7 * 105

10(% 2

10G %

+ .2

0 #*

% |



2

#



V#

01 W

5




)

[Ref01] Jay Adrick, private communication  regarding program at Xavier University, 2007
[Ref02] TV Display Phosphors/Primaries — Some History , LeRoy DeMarsh, Journal SMPTE, December 1993

[Ref03] Cathode-Ray-Tube Phosphors: Principles and Applicat ions , Simon Larach and Austin E. Hardy, Proceedings of the
IEEE, Vol. 61, No.7, July 1973

[Ref04] Before the Federal Communications Commission, Washington D.C., Petition of Radio Corporation of America and
National Broadcasting Company, Inc. for Approval of Color Standards for the RCA Color Television Syste m, June
25, 1953

[Ref05] Optical System Diagram for MI-40534 Color Camera |, http://home.att.net/~pldexnis/potpourri2/lastpage6.html
[Ref06] Color Television Engineering , John W. Wentworth, McGraw-Hill Book Company, Inc., 1955, pp.292-293
[Ref07] The Reproduction of Colour |, Third Ed., R.W. G. Hunt, Fountain Press, 1975

[Ref08] Color Science , 2" Ed, G. Wyszecki and W.S. Stiles, John Wiley & Sons, 1982

[Ref09] Color Television, Selections from the Journal of th e SMPTE, Richard S. O'Brien, Ed., Society of Motion Picture and
Television Engineers, 1970

[Refl0] IEC 61966-2-1 Multimedia systems and equipment - Col  our measurement and management - Part 2-1  : Colour
management - Default RGB colour space — sRGB

[Refll] ITU-R BT.709-5, Parameter values for the HDTV standards for production and international programme exchange

[Ref12] Optimum Color Analysis Characteristics and Matrices for Color Television Cameras with Three Receptors , A. H.
Jones, Journal SMPTE, Vol. 77, February 1968

[Ref13] Colour Error Reduction in Video Systems , R.J. Green and S.J. Ismail, IEEE Transactions on Broadcasting, Vol. 36 No.
1, March 1990

[Ref14] NTIA Technical Memorandum TM-04-406 , Color Correction Matrix for Digital Still and Video Imaging Systems,Stephen
Wolf, U.S. DEPARTMENT OF COMMERCE, December 2003




)

[Refl5] Spectral Response of Color Cameras |, |. Bosonoff and W. J. Derenbecher, Radio Corporation of America, April 10, 1953

[Ref16] Measurements of TK-41C camera prism assembly , Jay Ballard [private communication, 2007]

[Ref17] 5820 Image Orthicon (specification data sheets), Tube Division, Radio Corporation of America, Harrison, New Jersey
(5820 -10-56), also similar data sheets for image orthicons type 5826, 6474, and 7037

[Ref18] Handbook of Chemistry and Physics , 69" Ed., 1988 1989, CRC Press, Inc., "Transmission of Corning Colored Filters”
and “Transmission of Wratten Filters”, pp. E-406 to E-420

[Ref19] SMPTE Standard 0303M-2002 , Television — Color Reference Pattern

[Ref20] http://www.babelcolor.com/main_level/ColorChecker.htm#How _about data

[Ref21] Review of Work on Dichroic Mirrors and Their Light- Dividing Characteristics , Mary Ellen Widdop, Journal SMPTE,
Vol. 60, April 1953

[Ref22] Measuring Colour , R.W.G. Hunt, Halsted Press Div. of John Wiley & Sons, 1987

[Ref23] The Performance Characteristics of Yttrium Osysulfi de — A New Red Phosphor for Color Television , Austin E.
Hardy, IEEE Transactions on Electron Devices, Vol ED-15, No. 11, November 1968

[Ref24] http://www.color.org/sRGB.xalter

[Ref25] Television Receiver White Color: A Comparison of Pi  cture Quality with White References of 9300 Kand D 6500
Zwick, D.M.; Broadcast and Television Receivers, IEEE Transactions on, Volume BTR-19, Issue 4, Nov. 1973 pp. 205 — 213

[Ref26] A Second Generation Color Tube Providing More Than Twice the Brightness and Improved Contrast
Fiore, J.P.; Kaplan, S.H.; Broadcast and Television Receivers, IEEE Transactions on, Volume BTR-15, Issue 3, Oct. 1969
pp. 267 — 276

[Ref27] Computing Colorimetric Errors of a Color Television Display System
Neal, C.B.; Consumer Electronics, IEEE Transactions on, Volume CE-21, Issue 1, Feb. 1975 pp. 63 - 73

[Ref28] An Analysis of the Necessary Decoder Corrections fo r Color Receiver Operation with Non-Standard Receiv  er
Primaries
Parker, N. W.; IEEE Transactions on Broadcast and Television Receivers, Volume BTR-12 No.1, April 1966; Reprinted in
Consumer Electronics, IEEE Transactions on, Volume CE-28, Issue 1, Feb. 1982 pp. 74 — 83




Note: [Ref29 —Ref36] can be found at
http://www.ebu.ch/en/technical/publications/tech3000 series/index.php

[Ref29]t3213 EBU Standard for Chromaticity Tolerances for Studio Monitors - first edition 1975
[Ref30]t3218 Colour Telecines, Methods of Measurementand  Specifications - third edition 1988
[Ref31] 13237 Methods of Measurement of the Colorimetric F  idelity of Television Cameras - first edition 1983

[Ref32]t3237-s1 Methods of Measurement of the Colorimetri ¢ Fidelity of Television Cameras - Supplement1
Measurement Procedures - second edition 1989

[Ref33] 13238 Methods of Measuring the Main Characteristic s of Television Cameras - first edition 1983
[Ref34] 13263 Specification of Grade -1 Colour Picture Monitors - second edition (editorial corrections 2006)
[Ref35] 13273 Methods of Measurement of the Colorimetric P erformance of Studio Monitors - first edition 1993
[Ref36] 13320 User requirements for Video Monitors in Tele  vision Production 2007

[Ref37] Colorimetric Performance of Non-Standard Television Receiver with Customer Adjustment
Bretl, W.E., Consumer Electronics, IEEE Transactions on, Volume CE-25, Issue 1, Feb. 1979 pp. 100 — 110 [mistakenly
listed as “Breti” in some indexes]

[Ref38] Broadcast Camera Equipment for Monochrome and Color Television , Radio Corporation of America, Broadcast and
Television Equipment Division, Camden, NJ, 1956

[Ref39] Color Television Theory, Equipment, Operation: Manu  al for Television Technical Training,  Second Edition, 1959,
Radio Corporation of America

[Ref40] RCA Photosensitive Devices and Cathode-Ray Tubes , Form No. CRPD-105A, 1958, Radio Corporation of America

[Ref41] Image Orthicons for Color Cameras , R. G. Neuhauser and A. A. Rotow, Proc. IRE, Vol 42 No.1, January 1954, pp. 161-
165

[Ref42] A Study of the Need for Color Controls on Color TV Receivers in a Color TV System Operating Perfectly , Hirsch,
Charles J., IEEE Transactions on Broadcast and Television Receivers, November 1964, pp. 71-96



