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Introduction - Motivation
• .���#�������)�������/#����0��)��������������������
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��������������0������������

• &��0�)��������������1��2����3����������0�%�*��%�
��������%4#����������%�*��)���������)���%���%#�����������%4#����������%�*��)���������)���%���%#���
*�������)��/#�*������������������)�#��

• ���������%���3���������)��������)������3�*�����#��� �0�
�����*����������*������)�������)���������0��������5 ��
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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

• $�����������������#*8�*�����������%�������9 �����*�� :�
�������������)������������%���������������)���%�

;



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

• $�����������������#*8�*�����������%�������< $������� �������
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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

- 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)
•Uncap momentarily and adjust grid 1 voltage for small beam current
•Recap and adjust beam current

��

•Recap and adjust beam current
•Adjust alignment coil current  so that beam center does not move with focus
•Uncap 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

�-

•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

•It’s no wonder that results varied and depended on the experience of 

�6

•It’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



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

• ���1����0��)����������������%������%��������������) �
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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 Transmitter

• ������������%�))����������������%�*����
• ���������������#*�%���0����*����
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Many Factors Affect Color Quality
- In Receivers

• ���1����0��)����������
• ���2��)�����%�����%����������%�������������������@� ����
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Many Factors Affect Color Quality
- In Receivers
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•Better Match to Eye’s 
Sensitivity to Color Differences
•Triangles Remain Triangles
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• '���!�������3����%����0�����������%�������9
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• '���
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SMPTE Standard 0303M-2002, Television – Color Reference Pattern
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Parker’s Primaries
and 9300K White
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Isometric Plot of Y, u, vVertical Axis:
Ratio of 
Reproduced Luminance
to Correct Luminance

Parker’s primaries
and 9300K white
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< .��*��0���������&�%�����!,GP�.��*��0

• (�6:6������:���������������%��������������#�������� �
��������)�������*�������%�*��������3��������������� �
��*#��!,G����#���!*3�,*3�G*�����!,G�%��*��0����#���
!�3�,�3�G�!�3�,�3�G�

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 

* sRGB primaries = HDTV primaries = ITU-R 709 primaries
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���#������� ))������)�
!��������������+�������%�+��������

<  ))������)� ����������&����:����!�������

• +��2��O��6:6�����������������:�����**���%��������
�����9��������%�%�����

Parker's correction matrix for 9300K + 27MPCDParker'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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Channel Mixer (3x3 matrix) 
receiver  primaries and white  to sRGB

Curves: sRGB gamma correction
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sRGB source image

Curves: remove sRGB gamma correction

Channel Mixer (3x3 matrix) to NTSC

Curves: NTSC gamma correction

Channel Mixer (3x3 matrix) per Parker

Curves: CRT gamma
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Parker’s primaries
and 9300K white
with Parker’s matrix
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Isometric Plot of Y, u, vVertical Axis:
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Parker’s primaries
and 9300K white


-



 ))������)�!��������������+�������%�+��������

Isometric Plot of Y, u, vVertical Axis:
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Parker’s primaries
and 9300K white
with Parker’s matrix
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Parker’s primaries
and 9300K white
with Parker’s matrix
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Parker’s primaries
and 9300K white
with Parker’s matrix
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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 1.2135B -0.3491 0.1226 1.2135

Higher-saturation correction matrix for 9300K + 
27MPCD

Rprime= Gprime= Bprime=
R 1.7800 -0.0812 0.0476
G -0.3760 0.9562 -0.3827
B -0.4036 0.1251 1.4303

;




Parker’s primaries
and 9300K white
with high-gain matrix

+��2��O��+�����������%�	6��C�Q�->�&+
.������L���<
,����
����������&����:�9 
����
���2���
�����

�C$����� ��

�!! 
� . ! .���� !�<


�!! 
� .

��!&(����$ � !�

;;

TRANSMITTED

DISPLAYED

��!&(����$ � !�
�(!$(�$��

IF��<���$
 (G� �
.$'' ! �
 



Isometric Plot of Y, u, v
Vertical Axis:
Ratio of 
Reproduced Luminance
to Correct Luminance
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Parker’s primaries
and 9300K white
with high-gain matrix
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Parker’s primaries
and 9300K white
with high-gain matrix
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Isometric Plot of Y, u, v
Vertical Axis:
Ratio of 
Reproduced Luminance
to Correct Luminance
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Parker’s primaries
and 9300K white
with high-gain matrix
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• The following parts of this presentation 
generally assume an ideal NTSC display so 
that the effects of the early cameras’ 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 
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Image Orthicon Color Cameras

L. UV-IR FILTER 
(DICHROIC WITH 

• Pre-Production, 1949-1953, and Early Production 
Dichroic Plate Optics

(DICHROIC WITH 
UNSPECIFIED
CUTOFFS, 
SHOWN IN
[Ref38] AND 
[Ref39],
SAID TO AID
RED TRIMMING)

?6



Image Orthicon Color Cameras

• Later Production, Dichroic Prism Optics
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• ,�����@ gA���������:*�������������)#������������
%�����1�������1�����#������@������1���������A������

!����������#����)�������%�������������*#�=��$R�� g

• ,����� ����������
 ��������������=���R�� @1/g)

��%�����**���%�����������������������*�����0������� �

CRT Gamma Gamma Corrector

Note NTSC
specification
g= 2.2

(Linear scales)
Light input
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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 detail
•Noise is partially rectified and raises the black level
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• �1�������������������������������)��������
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• 
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• F�����-<1���2<*������**��:���������������
���������������#��
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• ��:�3��%%��������������1�����
��:��#��1��2�������K��:��#��1��2�������K

• ���������������*������������
�1��%���%�����0���3���%�����
������������������7��@���
���*�������A

?	



�C<7��,�����
���������

Non–linear load
Two break points: 33% and 66%
Gain slopes 1:6, 0.8, 0.6

Aim: g= 1.4
(Poor approximation
near black)

Curve obtained:
Max slope = 1.6
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• ����=���%�����0������@������#��������<������������� A�
�0*�����0��*���)0���������������������#������������ ������0�����
����������������)����������#�%��%�9 �5�53��!,G���:�� ��*��R�
�-5	-B���*��������������������R� 78964
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RED: TARGET COMPRESSION

MAGENTA: TARGET COMPRESSION + GAIN COMPENSATION

GREEN: FOLLOWING TK41 GAMMA CORRECTOR

BLUE: FINAL CRT OUTPUT

����(!, ��

�&+! ��$��

�(!, � !!�!�
� (!�G�(
C

	6

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

��




��������

Original
��;



L�����<,����,�����
����������< 6��%G���!�

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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� TK-41 gamma correction curve

� Black lift prior to TK-41 gamma correction curve

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

� 2.2 power curve of NTSC CRT

� NTSC to sRGB matrix (channel mixer)

� 1/(2.2) gamma correction curve for sRGB output

� Base image (sRGB)

� Substitute grayscale image for histograms

� Color balance filter if required

� 2.2 power curve to linearize sRGB input

� sRGB to NTSC matrix (channel mixer)

� Approximate NTSC to Camera (Hue, Saturation, Lightness adjustments) 

� Image orthicon target compression curve

� Peak-to-Peak gain restoration for target compression

� 127 mid-gray with 15% Gaussian noise – opacity 10% or 16% to vary noise

� Restore image contrast lost due to noise layer opacity

� Black lift prior to TK-41 gamma correction curve

���
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11-Step Grayscale With 15% Noise Layer,
16% Opacity 

With Level Adjustments
SNR = 35:1

= 31 dB
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With TK-41 circuit 
+ black lift

With TK-41 circuit11-Step Grayscale
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0 1 2 0 1 2 0 1 2

+ black lift

CRT Output ��� �

With TK-41 circuit11-Step Grayscale

0
1 2

0 1 2
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With TK-41 circuit With TK-41 circuit 
+ black lift

11-Step Grayscale

0 1 2 0 1 2 0 1 2

With TK-41 circuit
+ black lift

11-Step Grayscale
with Noise

SNR = 36 dB

CRT Output ��� �
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2 01 2
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Assumptions for Color Analysis

• Illumination - Illuminant C
– NTSC hypothetically should reproduce objects 

as seen under Illuminant C
– Avoid the question of illuminant effects, study – Avoid the question of illuminant effects, study 

that separately
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All real colors
(inside “horseshoe”)

X,Y, Z color 
matching functions
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All real colors on or R,G,B Taking 
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• Pre-Production, 1949-1953, and Early Production 
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Blue Channel

BLUE
DICHROIC

• Pre-Production, 1949-1953, and Early Production 
Dichroic Plate Optics
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Results for NTSC Display

• Color Test Chart – each patch 3 ways
– As seen by the camera
– Ideal
– As seen with least-squares matrix– As seen with least-squares matrix

• Chromaticity Diagrams
– CIE 1931 [x, y]
– CIE 1976 UCS [u’, v’]
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Results for Experimental and 
Hypothetical Displays

• March 1953 Camera No. 2 with Trinoscope
• March 1953 Camera No. 2 with Reduced-

Gamut Display
• Camera matrix calculated for best fit to • Camera matrix calculated for best fit to 

each display
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Approximate Results for Images

• Processing Steps (in Photoshop):
– $�*#��*���������!,G��������*���
– �������D��10��**�0�������������%4#������
– &����:�)�����!,G�*�������������������
��������*���3�
– (%4#����#��3����#���������%����������������������*� ����#����

������O�����������������#���@��*�������%4#��������) ��������������O�����������������#���@��*�������%4#��������) ��������
*�����0���%������%��0������������A�

– &����:�����!,G��������*���
– (**�0�����������������
– (**�0�����:����1���

-�?



+�������*�(%4#��������
���(**��:������
�����
������!��*����

-�	



?�

���-	��������
��	�

--�



?�

���-	�����#��������$�4DJ7@� 	���	

--�



 ))�����)�$����%���������������

---



Effect of Incandescent Lighting

Incandescent 
Source
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