
  Hewlett-Packard Company 1995 �$&� � ���	� ��+ �((.�����&�� �#)&"� � � � � � � � ��

	
� ������ ��������� ����������

HP Color Recovery is a technique that brings true color capability to
interactive, entry-level graphics devices having only eight color planes.
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In this paper the term true color is used to define color reproduction such that the
underlying digital quantization of the color within an image is not discernable by
the human eye. In other words a continuous spectrum of color, such as in a rain-
bow, can be be displayed so that the color appears to vary continuously across the
image. In most computer graphics systems this is accomplished using 24 bits of
color information per pixel. With 24 bits, any single pixel can be displayed at one
of 224 (16.7 million) colors.

Some graphics systems may define true color to be represented by less than 24
bits per pixel.
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4-<)0� :%09)7� %*8)6� 8,)� %440-'%8-32� 3*� ��� �3036� �)'3:)6=�� �-+�

�'� 4-<)0� :%09)7� 6)46)7)28� 8,)� '3036� (%8%� 8,%8� ;390(� &)� (-7>
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�)+-32� �� -2� )%',� 3*� 8,)7)� *-+96)7� -7� %2� %6)%� 3*� '3278%28� '3036�

;,)6)%7� 6)+-32� �� )2'314%77)7� %2� )(+)�� �36� -009786%8-32� 496>

437)7�� 8,)� (-8,)6� 6)+-32� -7� %+%-2� %7791)(� 83� &)� �� ×� �� 4-<)07�

�,)� (-8,)6)(� '3036� (%8%� 7,3;2� -2� �-+�� �&� -7� ()6-:)(� *631� 8,)
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40)� (-8,)6-2+� 8)',2-59)� ()7'6-&)(� -2� '322)'8-32� ;-8,� �%&0)
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!,)2� -8� -7� 8-1)� 83� (-740%=� Pix_1 � 8,)� (%8%� *36� 8,)� *396� 4-<)07
7,3;2� %7� �)+-32� �� -2� �-+�� �&� ;390(� &)� 7)28� 83� 8,)� *-08)6�� �,)

(%8%� 7836)(� -2� 8,)� 6)+-32� ;390(� &)� 7911)(� %2(� 8,)2� (->

:-()(� &=� 8,)� 291&)6� 3*� 4-<)07� -2� 8,)� 6)+-32�� �,)� 791� 3*� 8,)

4-<)07� -2� �)+-32� �� -7� ��� %2(� ��	�� �� ������ �,97�� 8,)� 398498� 3*

8,)� *-08)6� ;,)2� ):%09%8-2+� Pix_1 � ;390(� &)� ������ �,-7� 398498
:%09)� ;390(� &)� (-740%=)(� 32� 8,)� '31498)6� (-740%=� %8� Pix_1�7

3 3 3 6 6 6

2 3 2 7 6 7

3 3 3 6 6 6

Region A Region B

Pix_1 Pix_2 Pix_3 Pix_4 Pix_5 Pix_6

2.75 2.75 2.75 6.25 6.25 6.25

2.75 2.75 2.75 6.25 6.25 6.25

2.75 2.75 2.75 6.25 6.25 6.25

Region A Region B

2.75 2.75 2.50 6.25 6.25 6.25

2.75 2.75 2.50 6.25 6.25 6.25

2.75 2.75 2.50 6.25 6.25 6.25

Region A Region B

Pix_3

(a)

(b)

(c)
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�&�� �,)� '3036� (%8%� *631� �-+�� �%� %*8)6� -8� ,%7� &))2� (-8,)6)(� %2(� 40%')(

-2� 8,)� *6%1)� &9**)6�� �,-7� ;390(� &)� 8,)� (%8%� (-740%=)(� -2� %� 8=4-'%0

(-8,)6)(� 7=78)1� ;-8,� 8,)� 6)7908� %44)%6-2+� %7� -2� �-+�� �&�� �'�� �,)� 4-<>

)07� *631� �-+�� �&� %*8)6� %440=-2+� ��� �3036� �)'3:)6=�
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6-+,81378� 4-<)07� 3*� 6)+-32� �� %2(� 8,)� 8;3� 0)*81378� 4-<)07� 3*

6)+-32� �� �7))� �-+�� �&��� �440=-2+� 8,)� *-08)6� 34)6%8-32� *36� Pix_2
%+%-2� 6)79087� -2� 8,)� 398498� :%09)� 1%8',-2+� 8,)� :%09)� %8� 8,%8

03'%8-32� -2� �-+�� �%� �������
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-2� 8,)� 6)+-32�� %2(� 8,)� 6)7908� ;390(� &)� ���
�� �,-7� :%09)� -7

:)6=� (-**)6)28� *631� 8,)� 36-+-2%0� (%8%� :%09)� 3*� ����� -2� �-+�� �%�

 7-2+� 8,)� :%09)� 3*� ���
� %8� Pix_3 � ;390(� 6)7908� -2� )(+)� 71)%6>
-2+�� �3� 730:)� 8,-7� 463&0)1� %� 74)'-%0� )(+)� ()8)'836� 8,%8� 033/7

*36� )(+)7� -2� 23-7=� (%8%� -7� 97)(�� �,)� -()%� -7� 83� '314%6)� )%',

4-<)0� -2� 8,)� *-08)6� 6)+-32� ;-8,� %� :%09)� 8,%8� -7� ;-8,-2� ±�� 3*� 8,)
4-<)0� &)-2+� ):%09%8)(�� �-2')� 8,)� (%8%� 7836)(� %8� Pix_3 � -7� %� �
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/.,9� 0*8&,3� 7*4)*.� 2&(*/.� �� 4)"4� )"6&� "� 6",5&� /'� 	�� 
�� /2� �

7/5,%� 0"33� 4)&� &%(&� $/-0"2&��  )&� 6",5&3� 4)"4� 0"33� 4)&� &%(&

%&4&$4/2� "2&� 4)&.� 35--&%� ".%� 4)&� 4/4",� *3� %*6*%&%� #9� 4)&

.5-#&2� /'� 0*8&,3� 4)"4� 0"33� 4)&� &%(&� $/-0"2&�� �/2� Pix_3�� /.,9
Pix_3 � ".%� 4)&� 0*8&,� #&,/7� *4� 7/5,%� 0"33� 4)&� &%(&� %&4&$4/2�
�5--*.(� 4)&� 47/� 0"33*.(� 6",5&3� 4/(&4)&2� ".%� %*6*%*.(� #9� 	

(*6&3� "� 2&35,4� /'� 	�����  )*3� 6",5&� *3� 3,*()4,9� %*''&2&.4� '2/-� 4)&

/2*(*.",� 6",5&� /'� 	����� #54� *4� *3� "� #&44&2� &34*-"4*/.� 4/� 4)&� /2*(:

*.",� 4)".� 4)&� ����� /#4"*.&%� 7*4)/54� 4)&� &%(&� %&4&$4*/.��  )&

%*30,"9&%� 6",5&3� '/2� 4)&� &.4*2&� &8"-0,&� 2&(*/.� "2&� 3)/7.� *.

�*(�� �$�

�����	��� �����
��	�����

�*.$&� %*4)&2&%� '2"-&� #5''&23� "2&� *.� $/--/.� 53&� 4/%"9�� -".9

&8*34*.(� 3/'47"2&� "00,*$"4*/.3� $".� 7/2+� 7*4)� "� %*4)&2&%

'2"-&� #5''&2�� �,,� /'� 4)&3&� "00,*$"4*/.3� $/5,%� 7/2+� 7*4)� ��

�/,/2� �&$/6&29�

�.� 02/%5$43� 4)"4� 53&� 4)&� �/%&,� ��	�3� (2"0)*$3� $)*0�� 7)*$)

*3� %&3$2*#&%� *.� 4)&� "24*$,&� /.� 0"(&� �
�� ".%� ���3� �90&2%2*6&

����!��� ��� �/,/2� �&$/6&29� *3� 3500/24&%�� �.� 4)&3&� 02/%5$43

7&� )"6&� $)/3&.� 4/� )"6&� ��� �/,/2� �&$/6&29� &."#,&%� "3� 4)&

%&'"5,4� '/2� 
�� "00,*$"4*/.3� 25.� *.� ".� &*()4:#*4� 6*35",� &.6*2/.:

-&.4��  )53� 7)&.� 53*.(� 4)&� 
�� (2"0)*$3� ,*#2"2*&3� �4"2#"3&�

������� /2� ��!,*#�� ".%� /0&.*.(� ".� "00,*$"4*/.� *.� ".� &*()4:#*4

6*35",� &.6*2/.-&.4� 7*4)� 425&� $/,/2� -/%&�� ��� �/,/2� �&$/6&29

7*,,� ./2-",,9� #&� &."#,&%�� �'� $/523&�� 3&44*.(� ".� "00,*$"4*/.

4/� 53&� "� 03&5%/� $/,/2� -"0� 7*,,� %*3"#,&� ��� �/,/2� �&$/6&29

".%� (*6&� 4)&� "00,*$"4*/.� 4)&� %&3*2&%� 03&5%/� $/,/2� $"0"#*,*49�

�&$"53&� !,*#� *3� 4*&%� *.4/� 4)&� 03&5%/� $/,/2� -/%&,� 2"4)&2� 4)".

4)&� 
�� ,*#2"2*&3�� !,*#� "00,*$"4*/.3� ,&"6&� ��� �/,/2� �&$/6&29

/''� #9� %&'"5,4�� �/7&6&2�� "� -&$)".*3-� *3� 3500/24&%� 4)"4

",,/73� ��� �/,/2� �&$/6&29� 4/� #&� &."#,&%� 7)&.� 53*.(� !,*#��

 )&� #*((&34� $)".(&� *3� 4)"4� !,*#� "00,*$"4*/.3� -534� %/� 4)&*2

/7.� %*4)&2*.(�

���������	����

 )&� *-0,&-&.4"4*/.� /'� ��� �/,/2� �&$/6&29� 7"3� #"3&%� /.� 4)&

"335-04*/.� 4)"4� $/,/2� 2&$/6&29� 7/5,%� #&� -/34� 53&'5,� *.

&.429:,&6&,� (2"0)*$3� 02/%5$43�� �.429:,&6&,� (2"0)*$3� 02/%5$43

"2&� %&'*.&%� "3� 02/%5$43� *.� 7)*$)� 4)&2&� *3� 34/2"(&� '/2� /.,9� �

#*43� 0&2� 0*8&,� *.� 4)&� '2"-&� #5''&2��  )&3&� 3"-&� 02/%5$43� 4)"4

#&.&'*4� 4)&� -/34� '2/-� ��� �/,/2� �&$/6&29� "2&� ",3/� 4)&� /.&3

7)&2&� 02/%5$4� $/34� -534� #&� $"2&'5,,9� $/.42/,,&%��  )&2&'/2&�

4)&� *-0,&-&.4"4*/.� &''/24� 7"3� %2*6&.� 7*4)� "� 342/.(� 3&.3&� /'

$/34� 6&2353� &.%� 53&2� #&.&'*4�

Dither Table Shape. � �3� -&.4*/.&%� &"2,*&2�� 4)&� %*4)&2� 2&(*/.
3)"0&� 53&%� 7*4)� ��� �/,/2� �&$/6&29� *3� 	� ×� ���  )&� /04*-5-
3)"0&� 7/5,%� #&� $,/3&2� 4/� 315"2&�� 35$)� "3� �� ×� ��� �/7&6&2�� 4)&
'*,4&2� $*2$5*4� .&&%3� 34/2"(&� '/2� 4)&� 0*8&,3� 7*4)*.� 4)&� 2&(*/.�� �

	� ×� �� $*2$5*4� 2&15*2&3� 4)"4� 4)&� $522&.4� 3$".� ,*.&�3� 0*8&,� ".%
4)&� %"4"� '/2� 4)&� 3$".� ,*.&� "#/6&� #&� "6"*,"#,&��  )*3� -&".3

4)"4� "3� %"4"� '/2� ".9� 3$".� ,*.&� &.4&23� 4)&� $*2$5*4�� *4� *3� 53&%� 4/

&6",5"4&� 0*8&,3� /.� 4)&� $522&.4� 3$".� ,*.&�� �.� "%%*4*/.�� 4)&� %"4"

*3� 3"6&%� *.� "� 3$".� ,*.&� #5''&2� 3/� *4� $".� #&� 53&%� 7)&.� &6",5"4:

*.(� 4)&� 0*8&,3� /.� 4)&� .&84� 3$".� ,*.&� �3&&� �*(�� ���� �4� 3)/5,%� #&

./4&%� 4)"4� 4)&� 34/2"(&� '/2� "� 3$".� ,*.&� /'� %"4"� 53&3� "002/8*:

-"4&,9� /.&� )",'� /'� 4)&� $*2$5*4� "2&"� *.� 4)&� $522&.4� *-0,&-&.:

4"4*/.��  )&2&'/2&�� *'� "� �� ×� �� 2&(*/.� )"%� #&&.� 53&%�� 4)2&&� 3$".
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Previous
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Logic for
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Logic for
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Data
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Frame
Buffer

X = Pixel Being Evaluated

���� ��� �� #,/$+� %*"(2"-� /'� 4)&� ��� �/,/2� �&$/6&29� '*,4&2� $*2$5*4�
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���� �� A simplified representation of the logic circuitry that exists
in each of the logic blocks in Fig. 5.

To Adder
Tree

Compare +1 or –1 MUX

Data for Pixel Being Evaluated
(Stored in the Register Marked
with an X in Fig. 5)

Data for
Pixel in
Region

If data from the pixel in the region is
within +1 or –1 of the pixel being
evaluated  then pass it to the adder
tree. Otherwise, send a copy of the
pixel being evaluated to the adder
tree.

2/4+� (;,,+89� =5;2*� .'<+� (++4� 8+7;/8+*�� '2359:� *5;(2/4-� :.+

)59:� 5,� :.+� ��� �5258� !+)5<+8?� 25-/)�

Filter Function Logic. �9� +>62'/4+*� +'82/+8�� :.+� ��� �5258� !+A
)5<+8?� ,/2:+8� ,;4):/54� '<+8'-+9� :.+� *':'� =/:./4� '� 8+-/54� (?

9;33/4-� :.+� *':'� ,58� :.+� 6/>+29� :.':� 6'99� '4� +*-+� )536'8+

56+8':/54�� #.+� 9;3� /9� :.+4� */</*+*� (?� :.+� 4;3(+8� 5,� 6/>+29

:.':� 6'99� :.+� +*-+� )536'8+�� #?6/)'22?�� (;/2*/4-� :.+� 25-/)� ,58

'� ,/2:+8� ,;4):/54� 2/1+� :./9� /9� */,,/);2:� '4*� )59:2?� (+)';9+� /:� 8+A

7;/8+9� '� */</*+� )/8);/:� 8;44/4-� ':� :.+� </*+5� )25)1� 8':+� 5,� 	�

��@�� #.+� ��� �5258� !+)5<+8?� ,/2:+8� ,;4):/54� /9� /362+3+4:+*

95� :.':� :./9� /9� 45:� '� 685(2+3�

#.+� /362+3+4:':/54� *+:'/29� 5,� :.+� ,/2:+8� ,;4):/54� '8+� )5362+>�

�5=+<+8�� /,� =+� /-458+� :.+� ./-.A96++*� 6/6+2/4+� /99;+9� '4*

953+� 3/458� '*0;9:3+4:9� 8+7;/8+*� :5� 56:/3/@+� /3'-+� 7;'2/:?�

=+� )'4� 8+*;)+� :.+� /362+3+4:':/54� 5,� :.+� ,/2:+8� ,;4):/54� :5

:.+� ,5225=/4-� +7;':/54�

�
k�1

i�0

�Frame_Buffer_Datai��Wi� � (Evaluated_Pixel)�W1
� �	�

=.+8+� 1� /9� :.+� 4;3(+8� 5,� 6/>+29� /4� :.+� ,/2:+8� '4*� %/� /9� '� ,2'-

+7;'2� :5� 54+� =.+4� '� 6/>+2� 6'99+9� '4� +*-+� )536'8+� 56+8':/54

'4*� @+85� =.+4� /:� *5+94�:�� #./9� ,2'-� )'4� (+� :.5;-.:� 5,� '9� :.+

5;:6;:� 5,� :.+� )536'8':58� 9.5=4� /4� �/-�� ��

#.+� /*+'� (+./4*� :./9� +7;':/54� /9� :.':� /,� '� 6/>+2� 6'99+9� :.+

+*-+� )536'8+�� /4)2;*+� /:� /4� :.+� :5:'2�� �4� :.+� 5:.+8� .'4*�� /,� '

6/>+2� ,'/29� :.+� +*-+� )536'8+�� :.+4� 9;(9:/:;:+� :.+� *':'� ,58� :.+
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-55*� -;+99� 5,� :.+� :8;+� )5258� *':'�� #.+� =589:� )'9+� /9� :.':� '22

:.+� 6/>+29� '85;4*� :.+� 9'362+� ,'/2� :.+� +*-+� )536'8+� '4*� :.+

*/:.+8+*� )5258� /9� ;9+*� ,58� :.':� 25)':/54�� "/4)+� */:.+8/4-� ;9+9

'� 8+'954'(2+� 9'362+� ':� +').� 25)':/54� :./9� +>:8+3+� )'9+� 8+A

9;2:9� /4� '� 8+'954'(2+� /3'-+� (+/4-� */962'?+*�

#5� 9++� .5=� :./9� =5819� 2+:�9� 2551� ':� :=5� +>'362+9�� �4� :.+� ,/89:

+>'362+� '99;3+� :.':� :.+� 6/>+2� (+/4-� +<'2;':+*� /9� '� 9/4-2+

8+*� *5:� 96+)/,/+*� ;9/4-� �	�		���� (/4'8?� �
��� /4� 5;8� *+)/3'2
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'99;3+� :.':� /:� /9� */:.+8+*� :5� '� <'2;+� 5,� �		�� �295� '99;3+� :.':

:./9� 6/>+2� /9� 9;885;4*+*� (?� -8++4�� "/4)+� :.+� +*-+� )536'8+� /9
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:.+� 6/>+2� (+/4-� +<'2;':+*� =/22� ,'/2� :.+� +*-+� )536'8+�� �4� :./9

)'9+� =+� =/22� '**� '� 8+*� <'2;+� 5,� �		� :./8:?A:=5� :/3+9�� #.+

8+9;2:� 5;:� 5,� :.+� '**+8� :8++� /4� �/-�� � =/22� .'<+� '� 8+*� <'2;+� 5,

�		������ ������ /4� *+)/3'2��� �2:.5;-.� :./9� /9� 45:� +>'):� /:� =/22

'66+'8� '9� '� 8+*� *5:� /4� :.+� 3/**2+� 5,� '� -8++4� 8+-/54�� �4� 5:.+8

=58*9�� '� 8+'954'(2+� '6685>/3':/54�

�4� :.+� 9+)54*� +>'362+� '99;3+� '� 8+-/54� :.':� /9� ,/22+*� =/:.

8+*� /9� 96+)/,/+*� =/:.� :.+� 9'3+� +/-.:A(/:� (/4'8?� <'2;+� 5,

�	�		����� �295� '99;3+� :.+� 9/362+� */:.+8� 3+:.5*� *+9)8/(+*
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