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Description

FIELD OF THE INVENTION

[0001] This invention relates to the transformation of data, and more particularly to the transformation of data from
a first space to a second space, such as in the conversion from a first color space to a second color space.

BACKGROUND OF THE INVENTION

[0002] Colorimetry has long been recognized as a complex science. In general, it has been found possible and
convenient to represent color stimuli vectors in a three-dimensional space, called tristimulus space. Essentially, as
defined in 1931 by the Commission Internationale L'Eclairage (CIE), three primary colors (X, Y, Z) can be combined
to define all light sensations we experience with our eyes (that is, the color matching properties of an ideal trichromatic
observer defined by specifying three independent functions of wavelength that are identified with the ideal observer's
color matching functions form an international standard for specifying color). The fundamentals of such three-dimen-
sional constructs are discussed in the literature, such as Principles of Color Technology, by Billmeyer and Saltzman,
published by John Wiley & Sons, Inc., NY, copyright 1981 (2nd. ed.) and Color Science: Concepts and Methods, Quan-
titative Data and Formulae, by Wyszecki and Stiles, published John Wiley & Sons, Inc., copyright 1982 (2d ed.), par-
ticularly pages 119 - 130.
[0003] Trichromatic model systems -- such as red, green, blue (RGB); cyan, magenta, yellow (CMY); hue, saturation,
value (HSV); hue, lightness, saturation (HLS); luminance, red-yellow scale, green-blue scale (La*b*); luminance, red-
green scale, yellow-blue scale (Luv); YIQ used in commercial color television broadcasting; and the like -- provide
alternatives for the system designer. See such works as Fundamentals of Interactive Computer Graphics, by Foley
and Van Dam, Addison-Wesley Publishing Company, particularly pages 606 - 621, describing a variety of tri-variable
color models.
[0004] Color transformation between model systems in digital data processing presents many problems to the original
equipment manufacturer. The translation of data from one system to another system is difficult because the relationship
between the systems are generally non-linear. Therefore, a crucial problem is the maintaining of color integrity between
an original image from an input device (such as a color scanner, CRT display, digital camera, computer software/
firmware generation, and the like) and a translated copy at an output device (such as a CRT display, color laser printer,
color ink-jet printer, and the like).
[0005] For example, computer artists want the ability to create a color image on a computer video and have a printer
provide the same color in hard copy. Or, an original color photograph may be digitized with a scanner; resultant data
may be transformed for display on a video monitor or reproduced as a hard copy by a laser, ink-jet or thermal transfer
printer. As discussed in the reference materials cited, colors can be constructed as renderings of the additive primary
colors, red, green, and blue (RGB), or of the subtractive primary colors, cyan, magenta, yellow and black (CMYK). A
transformation may require going from an RGB color space, for example, a computer video monitor, to a CMYK color
space, for example, a laser printer hard copy. A transformation from one color space to another requires complex, non-
linear computations in multiple dimensions. Some transform operations could be accomplished through matrix multi-
plication
[0006] However, a difficulty in this method of color space conversion results from imperfections in the dyes, phos-
phors, and toners used for the production of the colors. An additional complication is that different types of media
produce different color responses from printing with the same mixes of colorants. As a result, a purely mathematical
color space conversion method does not provide acceptable color reproduction.
[0007] It has been recognized that superior results in color space conversion are obtained using a look up table
scheme based upon a set of empirically derived values. Typically the RGB color space used for video displays use
eight bits to represent each of the primary colors, red, green, and blue. Therefore, twenty four bits are required to
represent each picture element. With this resolution, the RGB color space would consist of 224 or 16,777,216 colors.
Performing a color space conversion from each of these points in the RGB color space to generate the four CMYK (to
maintain black color purity in printing, a separate black is usually provided rather than printing with all three of cyan,
magenta, and yellow colorants to generate what is commonly known as process black) color space components would
require a look-up table with 4 3 224 or 67,108,864 bytes of data. The empirical construction of a look-up table with this
number of entries is too costly.
[0008] In making the transform from one color space to another, a number of interpolation schemes well known in
the field of color space conversion may be employed. Methods of performing color space conversion using trilinear
interpolation, prism interpolation, and tetrahedral interpolation are disclosed in the published article PERFORMING
COLOR SPACE CONVERSIONS WITH THREE DIMENSIONAL LINEAR INTERPOLATION, JOURNAL OF ELEC-
TRONIC IMAGING, July 1995 Vol. 4(3). U.S. Patent No. 3, 893,166, issued to Pugsley, discloses a scheme for trans-
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lation between color spaces which uses a look-up table to access values used in an interpolation.
[0009] The document US-A-5 475 510 discloses a color signal transformation method wherein an object is divided
into tetrahedrons, each passing through one of eight lattice points constituting the hexahedron of the interpolated
object, and assigning the different combinations of interpolation data to the tetrahedrons on a one-to-one correspond-
ence.
[0010] Conversion of large amounts of data between color spaces, such as is required for color printing, is a time
consuming operation using the prior art methods of interpolation. The use of the computationally intensive prior art
methods of interpolation for the color space conversion process makes high rates of data throughput difficult to achieve.
A need exists for an interpolation method and interpolation apparatus that will enable a reduction in the computations
required for performing a conversion between color spaces.

SUMMARY OF THE INVENTION

[0011] The invention is set out in appended claims 1 and 10.

DESCRIPTION OF THE DRAWINGS

[0012] A more thorough understanding of the invention may be had from the consideration of the following detailed
description taken in conjunction with the accompanying drawings in which:

Figure 1a is a representation of output color space values used for interpolation in a cubic lattice. The vertices of
the each of the cubes forming the cubic lattice represent values of the output color space.
Figure 1b is a graphical representation of a color space conversion process from a color expressed in a cylindrical
coordinate to a color expressed in a rectangular coordinate.
Figures 2a through 2d are a graphical representation of the selection of a single sub-cube using the corresponding
bits from the lower order bits of the input color space value.
Figures 3a through 3h show the eight possible sub-cubes which can be selected from a cube using the corre-
sponding bits from the lower order bits of the input color space value.
Figure 4 shows the numbering of the vertices of the cube for the purposes of selecting the sub-cube containing
the result of the interpolation using the corresponding bits of the lower order bits.
Figure 5 is a graphical representation of the radial sub-cube generation process.
Figure 6a through 6e shows a graphical representation of multiple iterations of the cube subdivision process used
in radial interpolation.
Figure 7 shows a hardware implementation of a radial interpolator.
Figure 8 is a high level flow diagram of a generalized method for performing radial interpolation.
Figure 9 is a diagrammatic representation of the computations required for generation of the sub-cubes in pruned
radial interpolation.
Figure 10 shows a hardware implementation of pruned radial interpolation.
Figure 11 is a high level flow diagram of a generalized method for performing pruned radial interpolation.
Figure 12 is a high level flow diagram of a method implemented in software for performing pruned radial interpo-
lation.
Figure 13 is a representation of the outer bounds of a CMY and a RGB color space showing the colors at the outer
bounds of the color spaces.
Figure 14 is a graphical representation of the generation of a sub-cube from two tetrahedrons.
Figure 15 is a diagrammatic representation of the computations required for generation of the sub-cubes in pruned
tetrahedral interpolation.
Figure 16 is a high level flow diagram of a generalized method for performing tetrahedral interpolation.
Figure 17 shows a hardware implementation of tetrahedral interpolation.
Figure 18 shows a hardware implementation of pruned tetrahedral interpolation.
Figure 19 is a high level flow diagram of a generalized method for performing pruned tetrahedral interpolation.
Figure 20 is a high level flow diagram of a method for implement in software for performing pruned tetrahedral
interpolation.
Figure 21 is a diagrammatic representation of a common radial interpolation and pruned tetrahedral interpolation
implementation.
Figure 22 shows a hardware implementation of common pruned radial and pruned tetrahedral interpolation.
Figure 23a through 23e shows a graphical representation of a non-symmetric interpolation process.
Figure 24 shows a graphical representation of the generation of a sub-cube from a cube using non-symmetric sub-
cube generation.
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Figure 25 is a diagrammatic representation of the non-symmetric radial interpolation process.
Figure 26 is a high level flow diagram of a method for performing non-symmetric radial interpolation.
Figure 27 is a high level flow diagram of a method implemented in software for performing non-symmetric pruned
radial interpolation.
Figure 28 shows a hardware implementation of non-symmetric pruned radial interpolation.
Figure 29 is a high level flow diagram of a generalized method for performing non-symmetric radial interpolation.
Figure 30 shows a hardware implementation of non-symmetric radial interpolation.
Figure 31 is a diagrammatic representation of the non-symmetric pruned tetrahedral interpolation process.
Figure 32 shows a high level flow diagram of a method for performing non-symmetric pruned tetrahedral interpo-
lation.
Figure 33 is a high level flow diagram of a method implemented in software to perform non-symmetric pruned
tetrahedral interpolation.
Figure 34 shows a hardware implementation of non-symmetric pruned tetrahedral interpolation.
Figure 35 is a high level flow diagram of a generalized method for implementing non-symmetric tetrahedral inter-
polation.
Figure 36 shows a hardware implementation of a non-symmetric tetrahedral interpolator.
Figure 37 shows a hardware implementation of a common non-symmetric pruned radial and non-symmetric pruned
tetrahedral interpolator.
Figure 38 includes a C code listing of a method for implementing pruned radial interpolation in software.
Figure 39 includes a VHDL listing used for generating a hardware implementation of pruned radial interpolation.
Figure 40 includes a C code listing of a method for implementing pruned tetrahedral interpolation in software.
Figure 41 includes a VHDL listing used for generating a hardware implementation of pruned tetrahedral interpo-
lation.
Figure 42 includes a VHDL listing used for generating a hardware implementation of common pruned radial inter-
polation and pruned tetrahedral interpolation.
Figure 43 includes a C code listing of a method for implementing non-symmetric pruned radial interpolation in
software.
Figure 44 includes a VHDL listing used for generating a hardware implementation of non-symmetric pruned radial
interpolation.
Figure 45 includes a C code listing of a method for implementing non-symmetric pruned tetrahedral interpolation
in software.
Figure 46 includes a VHDL listing used for generating a hardware implementation of non-symmetric pruned tetra-
hedral interpolation.
Figure 47 includes a VHDL listing used for generating a hardware implementation of common non-symmetric
pruned radial and non-symmetric pruned tetrahedral interpolation.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0013] The present invention is not limited to the specific exemplary embodiments illustrated herein. In addition,
although several embodiments of sub-cube interpolation will be discussed in the context of a color laser printer, one
of ordinary skill in the art will recognize after understanding this specification that the disclosed embodiments of sub-
cube interpolation have applicability in any interpolative data transformation between spaces. For example, the inter-
polations required for the rendering of three dimensional graphics could advantageously use the disclosed interpolation
techniques.
[0014] Sub-cube interpolation using tetrahedral interpolation to generate each of the vertices of the successive sub-
cubes is taught in the document US-A-5 748 176. However, the method for generation of the sub-cube vertex values
disclosed in this co-pending application requires a large number of computations. A need exists for a method of gen-
erating the sub-cube vertex values which is more computationally efficient.
[0015] Shown in Figure 1a is a cubic lattice 1. The cubic lattice is formed of a multiplicity of cubes with the vertices
of the cubes representing values in the output color space. The input color space values are each partitioned into an
upper portion and a lower portion. The upper portion of each of the input color space values serves as an index to
address the vertex values of the cubic lattice 1 used for interpolation. The lower portion of each of the input color space
values is used to interpolate between the output color space values accessed using the upper portion of the input color
space value. Each of the dimensions of the cubic lattice 1 correspond to one of the components of the input color space
value. The values associated with the vertices of cubic lattice 1 are used to generate output color space values.
[0016] Each of the output color space values has multiple components corresponding to the dimensions of the output
color space. Conversion is done from the input color space values to components of the output color space values.
Conversion to each output color space value component uses a distinct set of vertex values. For the case in which
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there are three components to each of the output color space values, there are three sets of vertex values used for
the color space conversion. For this case, it would be possible to regard each vertex value as formed of three values
with each of the three values selected from one of the three sets. Viewing the vertex values in this way, the conversion
to each of the components of the output color space values would be performed in parallel. It is also possible to perform
the conversion to each of the output color space components serially. Done in this manner, the conversion can be
viewed as using three separate cubic lattices, one corresponding to each set of vertex values.
[0017] Shown in Figure 1b is a general graphical representation of the interpolation process. Consider, for example
the conversion of an input color space value (a, b, c) 10, representing a color in a cylindrical color space, to an output
color space value (x, y, z) 11 representing that same color in a Cartesian color space. In this example, each of a, b,
and c are represented by eight bits. Each of the three groups of eight bits can be partitioned, for example, into four
upper bits 10a (represented by au, bu, and cu) and four lower bits 10b (represented by a1, b1, and c1). The three groups
of four upper bits 10a are used as an index into the cubic lattice 1 to retrieve the eight values corresponding to the
vertices of a cube within the cubic lattice 1 that will be used as interpolation data values. The three groups of four lower
bits 10b are then used to interpolate between the eight interpolation data values corresponding to the vertices of the
cubic lattice 1 to generate a component of the output color space value 11.
[0018] One of ordinary skill in the art will recognize that other partitions of the bits of the input color space value 10
are possible. The particular partition of the bits will depend upon such things as the size of the memory available to
store the values of the output color space used for the interpolation and the amount of change in the output color space
value that occurs between vertices of cubic lattice 1. A tradeoff exists between the accuracy of the interpolation and
the size of the memory used to store the output color space values used as the interpolation data values. If the char-
acteristics of the output color space are such that it changes relatively linearly throughout the color space, then fewer
vertices in cubic lattice 1 are necessary to deliver an acceptable level of interpolation accuracy.
[0019] The index formed by au, bu, and cu serves as an entry point into the cubic lattice. The index addresses one
vertex of the eight vertices of the cube used as the interpolation data values. Each of the vertices of the cube corre-
sponds to a value used for interpolating to generate one component of the output color space value 11. The eight
associated vertices of a cube in the cubic lattice 1 have the following relative addresses:

[0020] The cube subdivision interpolation method disclosed in the document US-A-5 748 176 performs an interpo-
lation by generating a sub-cube using the values associated with the vertices of the previously generated sub-cube.
The initial cube formed by the vertex values associated with the three groups of upper order bits (au, bu, cu) 10a is
used to generate the first sub-cube. This initial cube can be divided into eight sub-cubes. The three groups of lower
order bits 10b (a1, b1, c1) are used to select one of the eight possible sub-cubes formed for the next iteration of sub-
cube division. These three groups of lower order bits 10b identify in which of the eight possible sub-cubes the result
of the interpolation will be located.

(au, bu, cu)

(au + 1, bu, Cu)

(au, bu + 1, cu)

(au, bu, cu + 1 )

(au, + 1, bu + 1, cu)

(au + 1, bu, cu +1 )

(au, bu + 1, cu + 1)

(au + 1, bu + 1, cu +1)
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When the sub-cube which contains the result of the interpolation is identified, this sub-cube is used to generate the
next sub-cube which contains the result of the interpolation. This process is successively repeated until the last sub-
cube containing the result of the interpolation is generated. One of the values associated with a vertex of this last sub-
cube generated is used as the result of the interpolation.
[0021] Figure 2a through 2d graphically represent the selection of a sub-cube using the three groups of lower order
bits 10b (a1, b1, c1). For purposes of explaining the sub-cube selection, consider the case in which the lower order bits
10b for each component of the input color space value consists of four bits. Shown in each of Figures 2a through 2d
are the axes corresponding to the a, b, and c components of the input color space value. Each of these axes corresponds
to a dimension of the input color space. Sub-cubes are designated using one corresponding bit (corresponding in the
sense that they are coefficients of the same power of 2) from the lower order bits 10b of each component of the input
color space value. Each bit position of the lower order bits 10b of each component can be viewed as dividing the cube
in half along the dimension corresponding to the component. The value of the bit for each component determines which
half of the cube is selected in the corresponding dimension, for the purpose of determining in which sub-cube the result
of the interpolation is located. The selected sub-cube will be the volume defined by the intersection of the cube halves
selected by the corresponding bits of each component of the lower order bits 10b of the input color space value. If the
bit of the lower order bits 10b for the component is a "1", a comer of the selected cube half is displaced one half the
length along the corresponding axis from the origin of the cube. If the bit of the component is a "0", the corner of the
selected cube half includes the origin of the cube. Shown in Figures 3a through 3h are the eight possible sub-cubes
defined by the common intersection of the cube halves designated by the corresponding bit from each of a1, b1, and c1.
[0022] By numbering the vertices of the cubes in a manner that is consistent with the assignment of the groups of
lower order bits 10b of the components of the input color space value to the axes, the vertex of the cube used to
generate the sub-cube associated with a vertex of the sub-cube to be generated, is designated by the binary value
formed by combining the corresponding bits from each of the groups of lower order bits 10b of the components. Shown
in Figure 4 is a cube with the axes labeled and with the vertices numbered. The cube used to generate a sub-cube
and the generated sub-cube share a vertex. With this assignment of vertex numbers, the number of the vertex of the
cube used to generate the sub-cube which is included within the sub-cube generated is the binary value formed from
the corresponding bits of a1, b1, and c1 for a given bit position.
[0023] An example will be explained to illustrate the interpolation using the sub-cube generation. Assume that the
following values are used for a1, b1, and c1:

With these values assigned to a1, b1, and c1, the vertex number 6 (computed by selecting the most significant bit from
each of a1, b1, and c1 and concantenating these into a binary value) of the cube used to generate the first sub-cube
is also a vertex of the first sub-cube. The vertex of the first sub-cube included within the second sub-cube generated
is vertex number 2 (computed by selecting the second most significant bit from each of a1, b1, and c1 and concantenating
these into a binary value). The vertex of the second sub-cube included with the third sub-cube generated is vertex
number 7 (computed by selecting the third most significant bit from each of a1, b1, and c1 and concatenating these into
a binary value). The vertex of the third sub-cube included with the fourth sub-cube generated is vertex number 1
(computed by selecting the fourth most significant bit from each of a1, b1, and c1 and concatenating these into a binary
value). The vertex values of the first sub-cube are generated with the vertex values accessed using the upper order
bits (au, bu, Cu) 10a of the components of the input color space value. The vertex values of the second sub-cube are
generated using the vertex values generated for the first sub-cube. The vertex values of the third sub-cube are gen-
erated using the vertex values generated for the second sub-cube. Finally, the vertex values of the fourth sub-cube
are generated using the vertex values generated for the third sub-cube. In sub-cube interpolation, the value associated
with the vertex numbered 0 of the final sub-cube generated is the value used as the result of the interpolation. This
result is one component of the output color space value. This sub-cube generation procedure could be applied with
an arbitrary number of bits used to specify each component of the lower order bits 10b of the input color space value.
[0024] A variety of methods have been previously employed for the generation of the sub-cube values. These meth-
ods include tetrahedral, pyramid, PRISM, and Trilinear. Radial sub-cube generation is a new method of sub-cube
generation which achieves a substantial reduction in the computational complexity required to generate the sub-cubes.
It should be recognized that each interpolation method can generate different results because the interpolation process
is an approximation of the color space conversion. Depending upon the location in the color space where the conversion
is performed and the preferred characteristics of the result, one method may yield more desirable results than another.

Table 1
a1 =1010
b1 = 1110
c1 = 0011
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[0025] Shown in Figure 5 is a graphical representation of the radial sub-cube generation method. Clearly explaining
the radial sub-cube generation process requires some notational definition. As was previously the case, a1, b1, and c1
designate the lower order bits 10b of the respective a, b, and c components of input color space value. The value of
the variable i will be used to designate the bit position within the lower order bits 10b (a1, b1, c1), as shown below, for
the case in which four bits are used to designate each component of the lower order bits 10b. The maximum value of
i (a value of 3) corresponds to the most significant bit position of the lower order bits 10b. The minimum value of i (a
value of 0) corresponds to the least significant bit position of the lower order bits 10b. As one of ordinary skill in the art
will recognize, this notation is easily adapted for a different number of bits used for each component of the lower order
bits 10b. For n bits used to represent the lower order bits 10b, the value of i ranges from n-1 to 0.

[0026] Using this notation, the value of i indirectly indicates the iteration of the sub-cube generation. A value of i
equal to 3, corresponds to generation of the first sub-cube. This first sub-cube includes vertex number 6 from the cube
formed by accessing the values of cubic lattice 1 using the upper order bits 10a. For the value of i equal to 0, the fourth
sub-cube is generated. This fourth sub-cube includes vertex number 1 from the third sub-cube generated. To determine
the vertex number of the cube used to generate the sub-cube which is included within the sub-cube, the following
equation is used:

In equation 1a, v(i) represents the vertex number of the cube included within the generated sub-cube. Each of the a1
(i), b1 (i), and c1(i) represents the binary value associated with the "ith" position in the respective component of the
lower order bits 10b. For each value of i, equation 1a yields the correct number of the vertex of the cube used to
generate the sub-cube which will be included within the desired sub-cube. The values which i may assume include the
integers from n - 1 to 0 inclusive, where n is the number of bits used to specify each of the components of the lower
order bits 10b of the input color space value. The value of the vertex having the number v(i) is designated by P[v(i)].
Equation 1a can be generalized for input color space value 10 formed from d components. Given below is a generalized
expression for v[i]:

In equation 1b, each of the "1b" represent the lower order bits 10b one of the d components of the input color space
value 10. As in equation 1a, the values of i include the integers from n-1 to 0 inclusive.
[0027] The values associated with the eight vertices of the sub-cube are generated from the cube as shown in table
3. Those vertex values designated by P'[sub-cube vertex number] represent sub-cube vertex values and those vertex
values designated by P [cube vertex number] represent the vertex values of the cube used to generate the sub-cube
vertex values. A given value of a sub-cube vertex is generated by averaging the corresponding vertex value of the
cube from which the sub-cube is generated with the value of the vertex of the cube used to generate the sub-cube
included within the sub-cube (this is the value designated by P[v(i)].

Table 2

i 3 2 1 0

a1 1 0 1 0
b1 1 1 1 0
c1 0 0 1 1

Table 3
P'[7] = (P[7] + P[v(i)])÷2
P'[6] = (P[6] + P[v(i)])÷2
P'[5] = (P[5] + P[v(i)])÷2

eqn. 1a v(i) = 4a1(i) + 2b1 (i) + c1(i) eqn. 1a

eqn. 1b v[i] = 2d-1
3 1b1 [i] + 2d-2

3 1b2 [i] + 2d-3
3 1b3[i] + . . . + 2d-d

3

1bd[i]
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[0028] Shown in Figure 6a through Figure 6e is a graphical representation of multiple iterations of the sub-cube
division process used in radial interpolation. The values used for the components of the lower order bits 10b of the
input color space value in the example of Figure 6 are the same as those shown in Table 2. The values of the vertices
of the cube used for generation of the first sub-cube (these values are accessed using the higher order bits 10a of the
input color space value) are loaded from a color table stored in memory. After the final iteration of sub-cube division,
vertex number 0 of the final sub-cube is used as the result of the interpolation process. To prevent the accumulation
of rounding errors during the actual computation of the sub-cube vertex values, the required division by 2 for each
iteration of sub-cube generation is performed only on the values of the vertices of the final sub-cube generated. When
the division is performed in this manner, the divisor used is 2n, where n is the number of bits assigned to each component
of the lower order bits 10b. Division by 2n can be performed easily by performing a right shift operation. For the case
in which n = 4, this divisor is 16. With the division operation not performed until after the generation of the final sub-
cube vertex values, the sub-cube generation process reduces to a series of additions of selected vertex values of the
generated sub-cubes.
[0029] Shown in Figure 7 is a hardware implementation of a radial interpolator 100. In addition, Figure 7 illustrates
the progression of the radial interpolation through radial interpolator 100 using values for v[i] corresponding to lower
order bits 10b of table 2. Each of the values (P[0] through P[7]) associated with the eight vertices selected using upper
order bits 10a is coupled to a multiplexer input of first multiplexer 101. The value of v[i], for i equal to 3, is coupled to
the control input of first multiplexer 101. The value of v[i], for i equal to 3, is used to select the value associated with
the vertex of the cube selected using upper order bits 10a that will be included in the first sub-cube generated. The
output of first multiplexer 101 is coupled to a first input of each adder of a first set of adders 102 composed of eight
adders. The second input of each adder of the first set of adders 102 is coupled to one of the values selected using
upper order bits 10a. First multiplexer 101 and first set of adders 102 form a first stage of radial interpolator 100. It can
be seen, that with this configuration of multiplexer 101 and first set of adders 102, the averaging operations of table 3
(without the division by two, which, as previously mentioned, is delayed until all the iterations of radial interpolation are
completed) for a single iteration of radial interpolation are completed. A second, third, and fourth stage of radial inter-
polator 100 are formed from, respectively, a second multiplexer 103 and second set of adders 104, a third multiplexer
105 and third set of adders 106, and a fourth multiplexer 107 and fourth set of adders 108. The control inputs of the
second 103, third 105, and fourth 107 multiplexer inputs are coupled to, respectively, v[i=2], v[i=1], and v[i=0]. The
second, third, and fourth stages of radial interpolator perform successive iterations of radial interpolation with each
iteration using the relationships of table 3 (again delaying the division by two until completion of all iterations).
[0030] Shown in Figure 8 is high level flow diagram of a method for performing a single iteration of radial interpolation.
First, 2d of interpolation data values are selected 200 using upper order bits 10a. For the case in which the radial
interpolation is used for color space conversion, the interpolation data values correspond to vertex values of the selected
cube. In addition, for color space conversion d is typically equal to 3, the number of components of the input color
space value 10. After vertex values are selected 200, the vertex number of the vertex value required for that iteration
is computed 201. For d equals 3, equation 1a is used to compute 201 the required vertex number. Depending on the
iteration of radial interpolation, the value of i used to compute v[i] can range from i=3 to i=0. After computation 201 of
the vertex number, one of the 2d of interpolation data values is selected 202 using the computed vertex number. Finally
a set of 2d averages is computed 203 according to the relationships of table 3. To avoid rounding errors the required
divisions by 2 for averaging are delayed until all iterations of interpolation are performed.
[0031] It was recognized that the number of computations required to perform radial interpolation as shown in Figure
7 could be substantially reduced. Examination of the radial interpolation process of Figure 7 reveals that determination
of the interpolation result does not require the use of all eight of the vertex values accessed by the upper order bits
10a, nor does it require the use of all the adders shown in Figure 7. Shown in Figure 9 is a diagrammatic representation
of pruned radial interpolation. Figure 9 can be understood by working backward from the interpolation result shown in
Figure 7 to determine the values of the vertices (accessed using the upper order bits 10a) that are required to generate
the result. As previously mentioned, the value of vertex number 0 (P[0]) of the final sub-cube generated is used as the
result of the interpolation. Using the equations listed in table 3 (without the division by 2), the vertices of the sub-cube
immediately previous to the final sub-cube that are used to compute the value of vertex number 0 of the final sub-cube
can be determined. Similarly, the equations listed in table 3 can be used to determine the vertices of the sub-cube two

Table 3 (continued)
P'[4] = (P[4] + P[v(i)])÷2
P'[3] = (P[3] + P[v(i)]÷2
P'[2] = (P[2] + P[v(i)])÷2
P'[1] = (P[1] + P[v(i)])÷2
P'[0] = (P[0] + P[v(i)])÷2



EP 0 923 048 B9 (W1B1)

5

10

15

20

25

30

35

40

45

50

55

9

previous to the final sub-cube that are necessary to compute the needed vertices of the sub-cube immediately previous
to the final sub-cube.
[0032] This method for determining the vertices of each of the sub-cubes necessary to compute P[0] of the final sub-
cube is performed with each value of i from 0 to 3 for the case in which n = 4. If this is done, the result shows that the
values used to compute P[0] of the final sub-cube consist of only some of the values corresponding to the vertices of
the cube accessed by the higher order bits 10a of the input color space value. As a result, only 10 of the 32 adders of
Figure 7 are used for computing a interpolation result from a given input color space value 10. For the values of the
lower order bits 10b shown in table 2, the vertex numbers of the cube accessed by the higher order bits 10a to which
the values used to compute P[0] of the final sub-cube correspond are: 0, 6, 2, 7, and 1. The values of the vertices of
the cube accessed by the higher order bits 10b corresponding to this are: P[0], P[6], P[2], P[7], and P[1]. In general,
the values of the vertices of the cube accessed using the higher order bits 10a that are used to compute P[0] of the
final sub-cube are P[0], P[v(i = 3)], P[v(i = 2)], P[v(i = 1)], P[v(i = 0)]. The general expression which can be derived for
n = 4 is:

[0033] Equation 2 is an expression for computing a result using pruned radial interpolation with n = 4. A generalized
expression for the pruned radial interpolation is:

Equation 3 can be used to generalize the computation of the pruned radial interpolation result. It should be noted that
in equation 2 and the generalized expression in equation 3, the value associated with vertex number 0 of the cube
selected using higher order bits 10a is always used. Had the value of a vertex number other than vertex number 0 of
the final sub-cube generated been used as the result of the interpolation, the value of that vertex number of the originally
selected cube would be used in place of P[0].
[0034] The hardware functional blocks required to perform the pruned radial interpolation include adders and multi-
plexers. With D dimensions in the output color space and n bits representing each group of lower order bits 10b of the
input color space value, the requirements of the hardware implementation of the pruned radial interpolation can be
computed as:

[0035] It should be noted that extra adder specified in equation 4 is used for the purpose of rounding. Additional
operations which must be performed by the hardware include multiplication, division, and concatenation. The multipli-
cation and division operations by a power of two can be performed by shifting bit positions. In hardware, this shifting
is accomplished by connecting a line corresponding to a bit to a higher order position for multiplication or to a lower
order position for division. In hardware, concatenation is accomplished by grouping lines, corresponding to bit positions,
together. Therefore, the multiplication, division, and concatenation operations can be performed without the necessity
of adding additional hardware.
[0036] To generate the gate level design necessary to implement the pruned radial interpolation in hardware, a com-
monly used hardware description language, such as VHDL, may be used. Included in Figure 39is a listing of the VHDL
code which can generate a hardware implementation of pruned radial interpolation.
[0037] Shown in Figure 10 is a hardware implementation of a pruned radial interpolator 300 for n equal to 4. It should
be noted that the hardware implementation shown in Figure 10 can be used to generate a single component of the
output color space value 11. This same hardware could be used repetitively for an additional (D-1) passes to generate
the remaining D-1 components of the output color space value 11. Or, there could be an additional (D-1) replications

eqn. 2 P[0]Final Sud-cube = ({8 3 P[v(i=3)]} + {4 3 P[v(i=2)]} + {2 3 P[v(i=1)]} +

P[v(i = 0)] + P[0]) ÷ 16

eqn. 4 # of Adders = D 3 (n + 1) eqn.4

eqn. 5 # of Multiplexers = D 3 n eqn. 5
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of the hardware implementation shown in Figure 10 to generate each of D components simultaneously. Pruned radial
interpolator 300 is a hardware implementation of equation 2 without the division by 16. The division by 16 could be
accomplished by bit shifting the result of the additions. Selection of four of the five vertex values (P[6], P[2], P[7], and
P[1]) used to compute the interpolation result requires four multiplexers 301-304.
[0038] The four required additions are accomplished using four adders 305-308. The fifth vertex value required for
computation of the interpolation result, P[0], is hard wired into the inputs of one of the adders. It should be noted that
because of the associative property of addition, the hardware implementation of Figure 10 may be implemented so
that the additions are performed in a number of different orders. The order shown in Figure 10 minimizes propagation
delay through the adders. Furthermore, other means for adding may be used. For example, a single adder that had a
sufficient number of inputs could be used. Or, a microprocessor could be used to accomplish the additions.
[0039] The three multiplication operations 309-311 correspond to multiplication by the coefficients 8, 4, and 2 of the
first three terms on the right side of equation 2. It should be noted that multiplication operations 309-311 are accom-
plished in hardware by routing of the lines corresponding to the bit positions on each of the respective multiplexer
outputs. Therefore, these multiplications are implemented without additional hardware cost. It is possible to implement
the multiplications through the routing of lines because all of the coefficients are powers of 2.
[0040] One of ordinary skill in the art will recognize that the hardware implementation shown in Figure 10 is adaptable
for values of n greater than 4 or less than 4. Consider the hardware implementation of a pruned radial interpolator for
n equal to 1. This hardware implementation of pruned radial interpolation would be useful for an interpolation which
performs a single iteration of cube subdivision and then selects one of the vertex values of the generated sub-cube as
the interpolation result. This hardware implementation of pruned radial interpolation requires only a single multiplexer
and a single adder (of course the rounding at the end requires an additional adder but this additional adder is not shown
in Figure 10).
[0041] Shown in Figure 11 is a high level flow diagram of a generalized method of pruned radial interpolation for
input color space values 10 having d components with each set of lower order bits 10b having n bits. First, n values
are computed 400 using equation 1b, Next, n+1 interpolation data values (which correspond to vertex values in a color
space conversion) are selected 401 using the computed n values and higher order bits 10a. Finally, the interpolation
result is computed 402 by multiplying and adding the selected n+1 interpolation data values according to equation 3.
[0042] A software implementation of the pruned radial interpolation is computationally very efficient. With d input
dimensions, D output dimensions and 2n values between vertices of cubic lattice 1, the number of computations required
to generate an interpolation result can be computed as:

The number of memory accesses required to generate the interpolation result can be computed as:

It should be noted that, unlike many other interpolation methods, both the number of ALU operations and the number
of memory accesses are linear in D, d, and, n which results in the relative computational efficiency of pruned radial
interpolation.
[0043] Shown in Figure 12 is a high level flow diagram of a method implemented in software to perform the pruned
radial interpolation. First, a determination 500 is made if any one of the components of the input color space value (a,
b, c) 10 corresponds to a location on an outer boundary of the cubic lattice 1. This is the case if any one or more of
the components of the input color space value has a value of FF hexadecimal. If this is the case, then, for purposes
of generating the index into the cubic lattice 1 to retrieve the necessary vertex values, the components of the input
color space value 10 which have a value of FF hexadecimal are assigned 501 a value of 100 hexadecimal.
[0044] Assignment of a value of 100 hexadecimal to those input color space values of FF hexadecimal is done to
address a special case in the interpolation. To illustrate this special case, consider the representation of the input color
space values 10 by eight bits for each component, with each component partitioned into four upper order bits and four
lower order bits. With this partitioning, the higher order bits can form the index values 00, 10, 20, 30, . . . F0 hexadecimal
for each component. The four lower order bits for each component will be used to interpolate between the output color
space values 11 accessed using the index values. The difference between the pair of output color space values 11
accessed using successive index values from 00 hexadecimal to F0 hexadecimal is spanned in 16 equal increments.
With each successive increment, the associated value is increased 1/16 of the difference between the accessed pair
of output color space values 11, when going from the lower output color space value to the higher output color space
value. For example, after 5 increments, the associated value is 5/16 of the difference between the accessed pair of

eqn. 6 # of ALU operations = 2 3 n 3 (d + D -1) + D eqn.6

eqn. 7 # of memory accesses = D 3 (n + 1) eqn. 7
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output color space values 11. Using the four lower order bits, the value associated with the corresponding number of
increments is added to the output color space value 11 selected using the higher order bits to generate the interpolation
result. However a problem arises between index values F0 and FF (index value 100 does not exist in the table) for
each component of the input color space value 10. Between F0 and FF there are only 15 increments and the output
color space value 11 accessed by FF corresponds to an outer boundary of the output color space. However, the inter-
polation process is designed to operate on 16 increments between the output color space values 11 accessed using
the index values. To address this problem, the output color space values 11 corresponding to the index value FF are
mapped to a location having and address of 100 hexadecimal. This mapping effectively distributes the difference in
the output color space values 11 corresponding to index values F0 and FF hexadecimal over 16 increments instead
of 15. Because of this, there will be slight errors resulting from the interpolation between index values F0 and FF.
Although not shown in the hardware block diagrams, the handling of this special case in the interpolation is performed
in the hardware implementations of the various interpolator embodiments.
[0045] After any necessary reassignment of input color space value 10, the indices used to access the values cor-
responding to the required vertices of the selected cube in cubic lattice 1 are computed 502. Finally, the values for
each component of the output color space value (x, y, z) 11 are computed 503. Provided in Figure 38 of this specification
is the code of an implementation in C, for n = 4, of the high level method of pruned radial interpolation shown in Figure 12.
[0046] It should be recognized that a number of possible processor specific optimizations of the software for per-
forming pruned radial interpolation can be performed. For example, by combining all the components of each output
color space values 11 into a single word, the number of memory accesses required to perform the conversion to the
output color space value 11 can be reduced. Another possible optimization exploits the ability of the ALU to perform
32 bit operations. By assigning bits 0-7 of an ALU word to handle the computation of the y component of the output
color space value and bits 16-23 to handle the computation of the x component of the output color space value, a
single sequence of shifts and adds can be used to generate the x and y components in parallel. It is also possible to
implement pruned radial interpolation in hardware. The computational efficiencies which existed in the software imple-
mentation of pruned radial interpolation are present in the hardware implementation as reduced hardware requirements.
[0047] Tetrahedral interpolation partitions the cube accessed by the higher order bits 10a of the color space input
value into a number of tetrahedrons used for generation of the sub-cube containing the result of the interpolation. The
resulting sub-cube is then partitioned into tetrahedrons. Two of these tetrahedrons are then used to generate yet another
sub-cube containing the result of the interpolation. The successive division of generated sub-cubes into tetrahedrons
is performed n times, where n is the number of bits used to represent each of the components of the lower order bits
10b of the input color space value 10.
[0048] Shown in Figure 13 is representation of the outer bounds of a CMY or a RGB color space. As can be seen
from Figure 13, the vertices of the cube 600 formed by the outer bounds of these color spaces include values corre-
sponding to the constituent colors of each of the color spaces. A characteristic of the CMY and RGB color spaces is
that the diagonal connected between the white 601 and black 602 vertices of the color space corresponds to the
luminance axis. Points along the luminance axis have values which correspond to various shades of gray. As previously
mentioned, the higher order bits 10a of the input color space value 10 are used to access eight associated values
forming a cube located within cube 600. Analogous to the cube 600 representing the CMY or RGB color space, each
of the selected cubes can be regarded as a kind of miniature color space, with the values corresponding to each of
the eight vertices having colors which are weighted toward the colors of the corresponding vertices of cube 600. For
example, the vertex of the selected cube spatially corresponding to the yellow vertex 603 is the vertex having a value
closest to the value for the color yellow within in the selected cube. The other seven vertices of the selected cube can
be viewed similarly. The diagonal connecting vertex 0 and vertex 7 serves to define a constant chromance line between
the colors associated with the vertices of the selected cube.
[0049] Certain artifacts can arise from the reproduction of colors in the printing process. These artifacts are visually
perceptible as colors which deviate from those specified by the color space value input to the printing process. The
artifacts are particularly noticeable for input color space values located near the luminance axis. Input color space
values near the luminance axis correspond to shades of gray with small amounts of color. Factors in the color repro-
duction process which may push the resulting color farther off the luminance axis than intended are easily perceived
in a gray field. The artifacts appear as colors in fields which should include only various shades of gray along the
luminance axis. The artifacts can arise from, among other things, the characteristics of the process used for printing
(such as an electrophotographic or inkjet printing process) or characteristics of the colorants (such as toner or ink)
used in the printing process. Variability in the parameters of the printing process result in the reproduction of colors off
the luminance axis when the result should have been gray.
[0050] Tetrahedral interpolation, in some circumstances, reduces the degree to which these types of artifacts are
perceivable. The reduction in print artifacts occurs because the value of one vertex of the sub-cube generated from
the tetrahedron is computed using the values associated with vertex number 0 and vertex number 7. As previously
mentioned, the diagonal formed between vertex number 0 and vertex number 7 defines a constant chromance line for
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the selected cube. Computing a vertex of the sub-cube along this midpoint color boundary line produces a weighting
in the interpolation which tends to reduce the rate of change in the output color space value as the input color space
value 10 moves off the diagonal of the cube selected by the higher order bits 10a. This in turn tends to somewhat
compensate for the variability in printing process parameters which produce non-gray output with gray input color space
values.
[0051] Shown in Figure 14 is a graphical representation of the generation of a sub-cube 700 from a tetrahedron 701.
Each value of a vertex of the tetrahedron 701 used to compute the value of a vertex of the sub-cube 700 is also a value
of a vertex of the cube 702 from which the tetrahedron 701 was partitioned. Let P[k] denote the value associated with
vertex k of a cube. Let P'[k] denote the value associated with vertex k of a sub-cube included within the cube having
vertex k. It can be shown that the value P'[k] is computed as:

"&" represents the bitwise AND operation
"|" represents the bitwise OR operation
"k" represents the vertex number
v(i) = 4 3 a(i) + 2 3 b(i) + c(i)
i represents the bit position in the lower order bits 10b in the input color space value
[0052] The sub-cube generation that can be accomplished using equation 8 provides a new method of computing
vertex values for a tetrahedral interpolation. By using equation 8, the indices used to access the values of the vertices
used for computing the sub-cube vertex values can be computed. This provides an advantage over interpolation meth-
ods that require accessing of a look-up table in order to determine the indices used to access the vertex values. The
use of a look-up table requires memory accesses. As a result, using a look-up table to generate the indices requires
a significantly greater number of machine cycles than would be required using the processor to compute the indices.
Therefore, using equation 8 to compute the indices used to access the vertex values provides a substantial speed
advantage in tetrahedral interpolation over previous methods of performing tetrahedral interpolation. Futhermore, im-
plementing equation 8 in hardware for computation of the mulitplexer control inputs used to select the vertex values
provides a simpler hardware implementation of tetrahedral interpolation.
[0053] As was the case for pruned radial interpolation, the value of vertex number 0 of the last sub-cube generated
is the result in the tetrahedral interpolation. It was recognized that not all the values of the vertices of all of the sub-
cubes generated were required to generate the result of the interpolation. This led to the development of a further
improvement in tetrahedral interpolation referred to as pruned tetrahedral interpolation. Shown in Figure 15 is a dia-
grammatic representation of pruned tetrahedral interpolation. In Figure 15, the prime indicator associated with the term
representing the value of each vertex indicates the level of sub-cube generation. For example, terms designated as
P'[] represent vertex values after the first cube subdivision iteration, terms designated as P"[] represent vertex values
after the second cube subdivision iteration. This method of designating vertex values applies for the generation of
successive sub-cubes. Figure 15 represents the pruned tetrahedral interpolation using 4 bits for the lower order bits
10b of the input color space value 10. The terms shown in Figure 15 can be generated by starting with the end result
of the interpolation P''''[0], and determining, successively, using equation 8, the values of the vertices of the previous
sub-cube required to generate the values of the vertices of the current sub-cube until the values required to generate
the current sub-cube are obtained by accessing the values of the vertices in cubic lattice 1 using higher order bits 10a.
As was the case for pruned radial interpolation, the divide by 2 operation is not performed until the value of vertex
number 0 of the final sub-cube is obtained in order to prevent the accumulation of rounding errors.
[0054] Pruned tetrahedral interpolation provides a substantial computational savings over tetrahedral interpolation.
With d input dimensions, D output dimensions, and n lower order bits 10b, the number of computations required to
perform the pruned tetrahedral interpolation is computed as:

It should be noted that, for these equations, the computations vary linearly as a function of d and D for the number of

eqn. 8 P'[k] = {P[k & v(i)] + P[k | v(i)]} ÷ 2 eqn.8

eqn. 10 # of Memory Accesses = D 3 [min(2d, 2n)]



EP 0 923 048 B9 (W1B1)

5

10

15

20

25

30

35

40

45

50

55

13

ALU operations, exponentially as a function of d for the number of memory accesses, and exponentially as a function
of n for the number of memory accesses. As shown in Figure 15, pruned tetrahedral interpolation is implemented so
that 2n memory references are required. However, it is possible to implement pruned tetrahedral interpolation so that
the number of memory references required is a maximum of 2d, which for d = 3, is the number of vertices within a
cube. This is done by recognizing that redundancy exists in the 2n memory accesses. By using some of the accessed
vertex values for multiple of the input values required in Figure 15 fewer memory accesses are required. Comparing
equations 9 and 10 with equations 4 and 5 it can be seen that, with all other things equal, pruned tetrahedral interpolation
is more computationally costly than radial interpolation.
[0055] Shown in Figure 16 is a high level flow diagram of a generalized method for performing tetrahedral interpo-
lation. For this method, the input color space values 10 are formed of d components. Each of the d components is
partitioned into a set of higher order bits 10a and lower order bits 10b. Each of the d sets of lower order bits 10b is
formed of n bits. The d sets of lower order bits are each designated as 1b1, 1b2, 1b3, ..., 1bd. The bit position of each
of the lower order bits is designated from the most significant bit to the least significant bit by a value of i ranging,
correspondingly from n-1 to 0. First, a value is computed 800 according to v[i] = 2d-1 3 1b1 [i] + 2d-2 3 1b2 [i] + 2d-3 3

1b3[i] + . . . + 2d-d 3 1bd[i] for i equal to n-1. Next, a set of AND values is computed 800 according to v[i] & k, for the
value of k ranging from 2d -1 to 0, where "&" represents the bitwise AND operation. Then, a set of OR values is computed
802 according to v[i] | k for the value of k ranging from 2d -1 to 0, where "|" represents the bitwise OR operation. Next,
2d pairs of the vertex values are selected 803 using the set of AND values and the set of OR values. Each of the pairs
are selected using an AND value and an OR value computed for a corresponding value of k. Finally, a set of 2d sums
is computed 804 by summing each of the 2d pairs of vertex values.
[0056] The method shown in Figure 16 is for a single iteration of tetrahedral interpolation. Performing successive
iterations would require computing additional values of v[i], computing additional AND and OR values, selecting values
from 2d sums computed in the previous iteration using the additionally computed AND and OR values, and computing
additional sets of 2d sums. After the final iteration of tetrahedral interpolation, each of the final 2d sums is divided by
2n (not shown in Figure 16), where n is the number of iterations, and one of the resulting values is selected as the
result of the interpolation. The division by 2n is done after the final iteration, instead of dividing by two after each
iteration, to prevent round-off error accumulation.
[0057] Shown in Figure 17 is a hardware implementation of a tetrahedral interpolator 900 for conversion of input
color space values 10 to a component of output color space values 11. This same hardware could be used repetitively
for an additional (D-1) passes to generate the remaining D-1 components of the output color space value 11. Or, there
could be an additional (D-1) replications of part of the hardware implementation shown in Figure 17 to generate each
of D components simultaneously. The hardware used for generating multiplexer control inputs could be used for each
of the D replications. The tetrahedral interpolator 900 shown in Figure 17 corresponds to d=3 and n=4 for the input
color space value 10. The hardware implementation shown in Figure 17 implements equation 8 for the generation of
the sub-cube vertex values. The tetrahedral interpolator 900 of Figure 17 is formed from a first, second, third, and
fourth stage 901-904. Each of the four stages 901-904 includes 23 adders, one of which is labeled as 905. Each of the
four stages 901-904 further includes 2 3 23 multiplexers, one of which is labeled as 906, arranged as 23 pairs of
multiplexers. Finally, each of the four stages 901-904 includes 23 bitwise OR blocks, one of which is labeled as 907,
and 23 bitwise AND blocks, one of which is labeled as 908.
[0058] Each of stages 901-904 performs an iteration of interpolation. Some interpolation applications may require
that only a single iteration of interpolation be performed. For a single iteration of interpolation n=1. This corresponds
to a hardware implementation of tetrahedral interpolator 900 using only first stage 901. An additional stage would be
added for each additional iteration of interpolation required for the particular application.
[0059] Each of the inputs of the multiplexers in the first stage 901 are connected to the eight vertex values selected
using higher order bits 10a. The two outputs of each pair of multiplexers in first stage 901 are connected to the first
and second inputs of the corresponding adder. The output of each of the adders of the first stage 901 is the vertex
value of the first sub-cube. As previously mentioned, the division by two for each iteration of sub-cube generation is
deferred until the last sub-cube is generated. The vertex values of the last sub-cube generated are divided by 2n, where
n is the number of bits in the lower order bits of the input color space value and n corresponds to the number of stages
in the tetrahedral interpolator. The inputs of each multiplexer for the second, third, and fourth stages 902-904 are
coupled to the outputs of the adders of the previous stage.
[0060] The control input of one the multiplexers of each pair of multiplexers is connected to the output of a bitwise
OR block. The control input of the other one of each pair of multiplexers is connected to the output of a bitwise AND
block. The multiplexers used in the tetrahedral interpolator 900 have the capability to select one of eight, eight bit
values using a three bit control input. The bitwise OR blocks and the bitwise AND blocks each perform, respectively,
bit by bit OR operations or AND operations on the values input to them. For this d=3 implementation of tetrahedral
interpolator 900, each of the inputs to the bitwise OR blocks and bitwise AND is a 3 bit quantity. The output of each of
the bitwise OR blocks and bitwise AND blocks to each of the multiplexers is a 3 bit quantity. The adders associated
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with each pair of multiplexers performs an addition of the selected eight bit values from each of the multiplexers.
[0061] As indicated by equation 8, the vertex number corresponding to the vertex value generated is connected to
one of the inputs for each corresponding bitwise OR block and bitwise AND block. Because these values are fixed
they can be hardwired to the correct values. The other inputs for each corresponding pair of bitwise AND blocks and
bitwise OR blocks in a stage are connected to the value of v[i] corresponding to the stage. For the first stage 901, the
value is v[3]. For the second stage 902, the value is v[2]. For the third stage 903, the value is v[1]. For the fourth stage
904, the value is v[0].
[0062] Interpolation is performed by supplying the vertex values selected using higher order bits 10a to the multiplexer
inputs of the first stage 900 and supplying the appropriate v[i] values to the bitwise OR blocks and bitwise AND blocks
of each stage. The tetrahedral interpolator 900 computes the vertex values for four iterations of sub-cube generation.
The values P""(7) through P""(0) are the values of the vertices of the fourth sub-cube generated. In this embodiment,
P''''(0)) is selected, divided by 16, and used as the result of the interpolation. The division by 16 is implemented by
shifting bits and is not represented in Figure 17.
[0063] One of ordinary skill in the art will recognize that one of the other computed values P""(7) through P''''(1) may
be selected, divided by 16, and used as the result of the interpolation. Using values corresponding to different vertices
of the final sub-cube to generate the interpolation result will bias the result of the interpolation differently. This is a
consideration in selecting which vertex value of the final sub-cube generated will be divided by 16 to generate the
result of the interpolation.
[0064] Shown in Figure 18 is a hardware implementation of a pruned tetrahedral interpolator 1000 for conversion of
input color space values 10 to a component of output color space values 11. This same hardware could be used
repetitively for an additional (D-1) passes to generate the remaining D-1 components of the output color space value
11. Or, there could be an additional (D-1) replications of part of the hardware implementation shown in Figure 18 to
generate each of D components simultaneously. The hardware used for generating multiplexer control inputs could be
used for each of the D replications. The pruned tetrahedral interpolator 1000 shown in Figure 18 corresponds to d=3
and n=4 for the input color space value 10. The pruned tetrahedral interpolator 1000 implements the diagrammatic
representation of pruned tetrahedral interpolation shown in Figure 15 The implementation of pruned tetrahedral inter-
polator 1000 requires considerably less hardware than the implementation of tetrahedral interpolator 900.
[0065] For d=3, bitwise AND blocks 1001a through 1001k each perform a bit by bit AND operation on three bit input
quantities to generate 3 bit output quantities. Likewise, for d=3, bitwise OR blocks 1002a through 1002k each perform
a bit by bit OR operation on 3 bit input quantities to generate 3 bit output quantities. Each of the 3 bit outputs of bitwise
AND blocks 1001a-1001g and bitwise OR blocks 1002a-1002g is used to control the selection of one of eight, 8 bit
quantities in the corresponding of multiplexers 1003a through 1003n. The outputs of each of multiplexers 1003a-1003o
are connected to the inputs of adders 1004a-1004h.
[0066] An interpolation operation is performed using pruned tetrahedral interpolator 1000 by supplying the vertex
values selected using higher order bits 10a to the inputs of multiplexers 1003a-1003o and supplying the computed
values of v[i] to the inputs of bitwise OR blocks 1002a-1002k and bitwise AND blocks 1001a-1001k as shown in Figure
18. In addition, a vertex value selected using higher order bits 10a is supplied to the input of adder 1004h. Using the
computed values of v[i], the bitwise AND blocks 1001a-1001k and the bitwise OR blocks 1002a-1002k compute the
values input to the control inputs of multiplexers 1003a-1003n. Multiplexer 1003o uses v[3] directly. The values selected
by multiplexers 1003a-1003o are those necessary to compute the interpolation result according to the diagrammatic
representation of pruned tetrahedral interpolation shown in Figure 15. The vertex values selected by multiplexers
1003a-1003o are sent to the inputs of adders 1004a-1004h for summation. The output of the last adder in the chain
of additions is divided by 16 and used as the result of the interpolation. The division by 16 is accomplished by bit shifting
and is not shown in Figure 18.
[0067] The pruned tetrahedral interpolator shown in Figure 18 is implemented for d=3 and n=4. For some applications,
less than four iterations of interpolation may be sufficient. Other applications may require more than four iterations of
interpolation. The hardware implementation of pruned tetrahedral interpolation for d=3 and n=1 would use only a single
adder and a single multiplexer to generate P'(0), as shown in Figure 18. The hardware implementations for n=2 and
n=3 to generate, respectively, P"(0) and P'''(0) as shown in Figure 18, require more bitwise AND blocks, bitwise OR
blocks, multiplexers, and adders.
[0068] Shown in Figure 19 is a high level flow diagram of a generalized method for performing pruned tetrahedral
interpolation. For this method, the input color space values 10 are formed of d components. Each of the d components
is partitioned into a set of higher order bits 10a and lower order bits 10b. Each of the d sets of lower order bits 10b is
formed of n bits. The d sets of lower order bits are each designated as 1b1, 1b2, 1b3, ..., 1bd. The bit position of each
of the lower order bits is designated from the most significant bit to the least significant bit by a value of i ranging,
correspondingly from n-1 to 0. First, 2n - 2 values are computed 1100 according to the types of bitwise AND and bitswise
OR operations shown in Figure 15 with v[i] = 2d-1 3 1b1 [i] + 2d-2 3 1b2 [i] + 2d-3 3 1b3[i] +. .. + 2d-d 3 1bd[i]for i ranging
from n-1 to 0. Next, the minimum of 2n and 2d of interpolation data values are selected 1101 using unique ones of the
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2n - 2 values computed in step 1100, a value of v[n-1], and higher order bits 10a. Then, the sum of the interpolation
data values selected in step 1101 is computed 1102.
[0069] The method shown in Figure 19 is for n iterations of pruned tetrahedral interpolation. The sum computed in
step 1102 is divided by 2n to generate the result. This division is not shown in Figure 19.
[0070] Shown in Figure 20 is a high level flow diagram of a method implemented in software to perform pruned
tetrahedral interpolation. First, a determination 1200 is made if any one of the components of the input color space
value (a, b, c) 10 corresponds to a location on an outer boundary of the cubic lattice 1. This is the case if any one or
more of the components of the input color space value has a value of FF hexadecimal. If this is the case, then, for
purposes of generating the index into the cubic lattice 1 to retrieve the necessary vertex values, the components of
the input color space value 10 which have a value of FF hexadecimal are assigned 1201 a value of 100 hexadecimal.
[0071] Next, the offsets from the origin of the cube in cubic lattice 1 accessed using higher order bits 10a and the
sub-cubes generated during the pruned tetrahedral interpolation are computed 1202 using the relationships shown in
the diagrammatic representation of the pruned tetrahedral interpolation of Figure 15. Then, the indices used to access
the values corresponding to the required vertices of the selected cube in cubic lattice in a look-up table are computed
1203. Finally, the values for each component of the output color space value (x, y, z) 11 are computed 1204. Provided
in Figure 40 of this specification is the code of an implementation in C, for n = 4, of the high level method of pruned
tetrahedral interpolation shown in Figure 20.
[0072] It is also possible to implement pruned tetrahedral interpolation in hardware. The computational efficiencies
which existed in the software implementation of pruned tetrahedral interpolation are present in the hardware imple-
mentation as reduced hardware requirements. As previously mentioned, shifts and concatenations are implemented
without requiring additional hardware elements. The hardware functional blocks required to perform the pruned tetra-
hedral interpolation include adders, AND gates, OR gates, and multiplexers. With D dimensions in the output color
space, d dimensions in the input color space, and n bits representing each group of lower order bits 10b of the input
color space value, the requirements of the hardware implementation of the pruned subdivision interpolation can be
computed as:

[0073] To generate the gate level design necessary to implement the pruned radial interpolation in hardware, a com-
monly used hardware description language, such as VHDL, may be used. Included in Figure 41 is a listing of the VHDL
code which can generate a hardware implementation of pruned radial interpolation.
[0074] As previously discussed, radial interpolation can result in print artifacts in conversions between the RGB and
CMY color spaces for certain input color space values. Because of these print artifacts, a tetrahedral interpolation may
yield more desirable results. To reduce complexity, the tetrahedral interpolation can be implemented using pruned
tetrahedral interpolation, although this interpolation technique is still more computationally intensive than the radial
interpolation.
[0075] However, for conversions between other color spaces (such as CieLab, LUV, or YCbCr) the radial interpolation
may be preferable because it yields adequate results and is very computationally efficient. Additionally, it is possible
that radial interpolation may actually produce more pleasing results than tetrahedral interpolation in some cases. If the
interpolation methods are implemented in software, using alternative methods is easily done by calling different rou-
tines. However, implementing different interpolation methods in hardware can require separate logic. Because the
separate hardware implementations of the two interpolation techniques are under utilized, this solution is expensive.
[0076] A common hardware implementation provides the capability for alternatively performing radial interpolation
and pruned tetrahedral interpolation with less hardware than a separate hardware implementation of these interpolation
techniques. Shown in Figure 21 is a diagrammatic representation of a common radial interpolation and pruned tetra-
hedral interpolation implementation. As indicated in Figure 21, the interpolation technique performed is determined by
the vertex values which are input to the hardware. Usually, the number of bits used to express each v(i) term is fewer
than the number of bits used to express each of the P[v(i)] terms. Because of this, it is generally less complex to
multiplex the v(i) terms prior to the memory access to retrieve the values associated with the P[v(i)] terms.

eqn. 11 # of Adders = D 3 2n

eqn. 12 # of Multiplexers = D 3 (2n - 1)
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[0077] It should be noted from Figure 21 that two of the vertex values used for both the radial interpolation and the
pruned tetrahedral interpolation are the same for all values of n. Therefore, a common hardware implementation of
radial interpolation and pruned tetrahedral interpolation requires an additional 2n - 2 multiplexers (each having d control
bits) to be added to the hardware implementation of the pruned tetrahedral interpolation. Included in Figure 42 is the
VHDL code for a hardware implementation of common radial interpolation and pruned tetrahedral interpolation.
[0078] Shown in Figure 22 is a hardware implementation of a common pruned radial and pruned tetrahedral inter-
polator 1300. The hardware implementation of common pruned radial and pruned tetrahedral interpolation is similar
to that of pruned tetrahedral interpolation. The difference is the addition of 14 multiplexers 1301a-1301n used to select
the data to the control inputs of multiplexers 1302a-1302n. A single bit is used to control the selection of the data at
the inputs of multiplexers 1301a-1301n. The single bit controls whether the multiplexer control inputs to multiplexers
1302a-1302n are for pruned tetrahedral interpolation or for pruned radial interpolation. The multiplexer control input
for multiplexers 1302a-1302n determines which of the interpolation data values are coupled to the adders. With the
bit in the first of its two states, the hardware of Figure 22 performs as a pruned radial interpolator. With the bit in the
second of its two states, the hardware of Figure 22 performs as a pruned tetrahedral interpolator.
[0079] The control bit for multiplexers 1301a-1301n is used to select between values of v(i) and values computed
using bitwise OR blocks 1303a-1303k and bitwise AND blocks 1304a-1304k. Adders 1305a-1305o sum the outputs
of mulitplexers 1302a-1302o. By shifting bits, the resulting sum is divided by 16 (not shown in Figure 22) to generate
the result.
[0080] The hardware of Figure 22 could be used repeatitively for an additional (D-1) passes to generate the remaining
D-1 components of the output color space value 11. Or, there could be an additional (D-1) replications of part of the
hardware implementation shown in Figure 22 to generate each of D components simultaneously. The hardware used
for generating multiplexer control inputs could be used for each of the D replications. The common pruned radial and
pruned tetrahedral interpolator 1300 shown in Figure 22 corresponds to d=3 and n=4 for the input color space value
10. The common pruned radial and pruned tetrahedral interpolator 1300 implements the diagrammatic representation
of common pruned radial and pruned tetrahedral interpolation shown in Figure 21.
[0081] In the interpolation process, the higher order bits 10a of an input color space value 10 form an index used to
access interpolation data values. The interpolation is performed using the lower order bits 10b of the input color space
value. As previously mentioned, the accessed values correspond to the vertices of a cube in a cubic lattice 1. Depending
upon the characteristics of the output color space, the values associated with the vertices of the accessed cube may
vary at rates dependent upon the dimension of cubic lattice 1 or dependent upon the region of the cubic lattice 1 in
which the selected cube is located. Because of this possibility, improved interpolation results may be produced by
varying the interpolation resolution between values of the vertices throughout cubic lattice 1 corresponding to the
varying rates of change between vertex values. Adjusting the interpolation resolution based upon the location of the
selected cube within cubic lattice 1 can be implemented by allowing the partitioning of the input color space value 10
into upper order bits 10a and lower order bits 10b to vary. In regions of cubic lattice 1 having high non-linear rates of
change in the values of the vertices, the differences between the values of the vertices would be relatively large using
a number of bits not adapted to the color space characteristics to represent each component of the upper order bits
10a. To reduce the values between the vertices, a larger number of bits are used to represent the components of the
higher order bits 10a. Consequently, in these regions a smaller number of bits are used to represent the lower order
bits 10b. For regions of cubic lattice 1 having lower rates of change or more linear rates of change in the values of the
vertices, the differences between the values of the vertices using a number of bits not adapted to the color space
characteristics to represent each component of the upper order bits 10a would be relatively small or relatively linear.
To increase the values between the vertices a smaller number of bits are used to represent the components of the
higher order bits 10a.
[0082] To implement an interpolation technique which can support a varying interpolation resolution over the output
color space represented by cubic lattice 1, the interpolation technique must accommodate the changing number of bits
used to represent the components of the lower order bits 10b. To accomplish this, a value, (n, p, q), is defined so that
n bits are used to interpolate between lattice points in the "a" dimension, p bits are used to interpolate between lattice
points in the b dimension, and q bits are used to interpolate between lattice points in the c dimension. It is possible to
constrain the values of each of the n, p, and q so that they are fixed over the entirety of cubic lattice 1 or to permit each
of the values of the n, p, and q to vary independently or co-dependently throughout regions of the cubic lattice 1.
[0083] Shown in Figure 23a through Figure 23e is a graphical representation of a non-symmetric radial interpolation
process that uses 4 bits to represent the a1 component, 3 bits to represent the b1 component, and 2 bits to represent
the c1 component of the lower order bits 10b of the input color space value. The first iteration of the cube subdivision
is the selection of a sub-cube occupying one half of the cube selected by the higher order bits 10a using the bit from
a1 corresponding to the i=3 position. There are no bits present for the b1 and the c1 for the i=3 position. The second
iteration of cube subdivision is the selection of a sub-cube occupying one fourth of the previous sub-cube using one
bit each from a1 and from b1. The third iteration of cube subdivision is the selection of a sub-cube occupying one eighth
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of the previous sub-cube using one bit each from a1, b1, and c1. The fourth iteration of cube subdivision is also the
selection of a sub-cube occupying one eighth of the previous sub-cube using one bit each from a1, b1, and c1. As can
be seen from this, the number of bits of the components of the lower order bits 10b available to generate the sub-cube
determines the fraction of the cube used to generate the sub-cube occupied by the sub-cube.
[0084] Shown in Table 4 and equations 14 through 19 are the relationships necessary to calculate the values of the
sub-cube vertices for each iteration of radial sub-cube generation. Equations 14 through 19 generate the values used
in the relationships shown in table 4 so that the correct sub-cube vertex values will be generated with or without the
corresponding bits of a1, b1, and c1 present for that iteration of sub-cube generation. If for a given iteration of sub-cube
generation, a bit in any one or more of a1, b1, or c1 is not present, equation 19 will generate the number of the vertex
of the cube used in generating a vertex value of the sub-cube to compensate for the missing bit(s).

[0085] Shown in Figure 24 is a graphical representation of the generation of a sub-cube 1400 from a cube 1401
using non-symmetric radial sub-cube generation. On the particular iteration of the sub-cube generation shown in Figure
15, the bit corresponding to the iteration for components b1 and c1 is not present. Therefore, the relationships in table
4, with f(N,i) calculated for the bits of b1 and c1 corresponding to the iteration not present, dictate that the vertex values
P'[7], P'[6], P'[5], and P'[4] are calculated as the average of the values of the two vertices vertically aligned with each
of P'[7], P'[6], P'[5], and P'[4]. The computation of vertex values for other combinations in which each of a1, b1, or c1
are present or not present is handled analogously by equation 19.
[0086] Shown in Figure 25 is a diagrammatic representation of the non-symmetric pruned radial interpolation com-
putation. The number of computations required to perform the non-symmetric pruned radial interpolation is computed
as:

In Figure 25, 2n memory references are shown. However, a selected cube has a maximum of 2d vertex values, where

Table 4
P'[7] = {P[7] + P[f(7,i)]} ÷ 2
P'[6] = {P[6] + P[f(6,i)]} ÷ 2
P'[5] = {P[5] + P[f(5,i)]} ÷ 2
P'[4] = {P[4] + P[f(4,i)]) ÷ 2
P'[3] = {P[3] + P[f(3,i)]} ÷ 2
P'[2] = {P[2] + P[f(2,i)]} ÷ 2
P'[1]= {P[1] + P[f(1,i)]) ÷ 2
P'[0] = {P[0] + P[f(0,i)]} ÷ 2

eqn. 14 Maska = (2n - 1) eqn. 14

eqn. 15 Maskb= (2p - 1) eqn. 15

eqn. 16 Maskc = (2q - 1) eqn. 16

eqn. 17 m[i] = (4 3 Maska[i]) + (2 3 Maskb[i]) + Maskc[i] eqn. 17

eqn. 18 v[i] = m[i] & {(4 3 a[i]) + (2 3 b[i]) + c[i]} eqn. 18

eqn. 19 f(N,i) = v[i]| (N & ~ m[i])
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d is the number of dimensions of the input color space value 10. Therefore, some of the 2n (16 values for n=4) values
shown at the inputs to the diagram of Figure 25 are redundant. It follows that for 2n greater than 2d, the number of
memory accesses performed can be limited to the number of vertices in the cube for each dimension of the output of
color space. Therefore, the number of memory accesses required for D dimensions in the output color space is:

[0087] Shown in Figure 26 is a high level flow diagram of a generalized method for performing non-symmetric pruned
radial interpolation. For this method, the input color space values 10 are formed of d components. Each of the d com-
ponents is partitioned into a set of higher order bits 10a and lower order bits 10b. The d sets of lower order bits are
each designated as 1b1, 1b2, 1b3, ..., 1bd. Each of the d sets of lower order bits 10b is formed from, respectively, of
n1, n2, n3, ... nd bits. The bit position of each of the d sets of lower order bits is designated from the most significant bit
to the least significant bit by corresponding values of i1, i2, i3. ... id each ranging, correspondingly, from n1 - 1 to 0, n2
- 1 to 0, n3 - 1 to 0, ... nd - 1 to 0. First, a set of 2n - n - 1 values is computed 1500 using f (N, i) = v[i] |(N &,m[i]), where
m[i] = 2d-1 3 Mask1[i] + 2d-2 3 Mask2[i] + 2d-3 3 Mask3[i] + . . . + 2d-d 3 Maskd[i]. For this computation the values of
Maskj = 2k - 1 are each computed for a value k selected from n1, n2, n3, ... nd with the value of j corresponding to the
value of the subscript of the selected one of n1, n2, n3, ... nd. The values of j range from 1 to d. The values of v[i] are
computed as m[i] & (2d-1 3 1b1 [i] + 2d-2 3 1b2 [i] + 2d-3 x 1b3[i] + ... + 2d-d 3 1bd[i]) for values of i ranging from n-1 to
0, where n equals the greatest of n1, n2, n3, . . . nd. The value of N corresponds to the vertex numbers ranging from 1
to 2d. Next, a number of interpolation data values, equal to the minimum of 2" and 2d are selected 1501 using the
unique values in the set of 2n - n - 1 values, values of v[i] for i ranging from n-1 to 0, and the d sets of higher order bits.
Finally, the selected interpolation data values are added 1502 to generate a sum. To avoid roundoff error the generated
sum is divided by 2n. This step is not shown in Figure 26.
[0088] Shown in Figure 27 is a high level flow diagram of method implemented in software to perform non-symmetric
radial interpolation. First, the mask values are generated 1600 for each component of the input color space value 10.
Next, a determination 1601 is made if any one of the components of the input color space value (a, b, c) 10 corresponds
to a location on an outer boundary of the cubic lattice 1. This is the case if any one or more of the components of the
input color space value has a value of FF hexadecimal. If this is the case, then, for purposes of generating the indices
to retrieve the necessary vertex values, the components of the input color space value 10 which have a value of FF
hexadecimal are assigned 1602 a value of 100 hexadecimal. Then, the values of each of the m[i] and v[i] are computed
1603. Next, the indices used to access each of the vertex values used for the interpolation are computed 1604. Finally,
each of the components of the output color space value are computed 1605 using the values accessed by the indices
computed in step 1604.
[0089] Included in Figure 43 is a listing in C of the code for a software implementation of non-symmetric radial
interpolation. For the non-symmetric radial interpolation, the computed indices correspond to offsets from the origin of
the cube selected by the higher order bits 10a. Because of the changing resolution used throughout the output color
space, the values of the vertices for three cubes (one cube for each dimension of the output color space) selected by
the higher order bits 10a is passed into the routine of Figure 43 each time color space conversion is performed on an
input color space value 10. This is different than the code for the pruned radial and pruned tetrahedral interpolation in
which the color table is passed as an array into the routine and indices into this table are computed in the routine.
[0090] It is also possible to implement non-symmetric radial interpolation in hardware. As previously mentioned,
shifts and concatenations are implemented without requiring additional hardware elements. The hardware functional
blocks required to perform the non-symmetric radial interpolation include adders, AND gates, OR gates, and multiplex-
ers. With D dimensions in the output color space, d dimensions in the input color space, and n bits representing the
maximum number of bits used to represent one of the components of the input color space value, the requirements of
the hardware implementation of the non-symmetric radial interpolation can be computed as:

eqn. 21 # Memory accesses = D 3 min(2d, 2n)

eqn. 22 # of Adders = D 3 [(2n - 1) + 1]

eqn. 23 # of Multiplexers = D 3 (2n - 1)
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[0091] To generate the gate level design necessary to implement the non-symmetric pruned radial interpolation in
hardware, a commonly used hardware description language, such as VHDL, may be used. Included in Figure 44 is a
listing of the VHDL code which can generate a hardware implementation of non-symmetric pruned radial interpolation.
[0092] Shown in Figure 28 is a hardware implementation of a non-symmetric pruned radial interpolator 1700. Control
input computation blocks 1701a-1701k compute the values used by the control inputs of multiplexers 1702a-1702o
that are coupled to control input computation blocks 1701a-1701k. Each of control input computation blocks 1701a-
1701k performs the computations of equations 14-19 on the input to that control input computation block. As shown
in Figure 28, some of the control inputs of multiplexers 1702a-1702o use values of v[i]. Adders 1703a-1703o sum the
outputs of multiplexers 1702a-1702o. This sum is divided by 2n through bit shifting (not shown in Figure 28) to generate
the interpolation result.
[0093] The hardware of Figure 28 could be used repeatitively for an additional (D-1) passes to generate the remaining
D-1 components of the output color space value 11. Or, there could be an additional (D-1) replications of part of the
hardware implementation shown in Figure 28 to generate each of D components simultaneously. The hardware used
for generating multiplexer control inputs could be used for each of the D replications. The non-symmetric pruned radial
interpolator 1700 shown in Figure 28 corresponds to d=3 and the maximum one of n1, n2, n3, ... nd equal to 4 for the
input color space value 10. The non-symmetric pruned radial interpolator 1700 implements the diagrammatic repre-
sentation of pruned tetrahedral interpolation shown in Figure 25.
[0094] Shown in Figure 29 is a high level flow diagram of a generalized method for performing non-symmetric radial
interpolation using the equations of table 4. First, a first set of 2d values are computed 1800 using f(N, i) = v[i] | (N &
,m[i]). Next, 2d pairs of interpolation data values are selected 1801 with each pair formed from the interpolation data
value selected using one of the first set of 2d values and the interpolation data value corresponding the vertex desig-
nated by the value of N. Finally, 2d sums are computed 1802 from the selected 2d pairs of interpolation data values.
[0095] The method shown in Figure 29 is for a single iteration of non-symmetric radial interpolation. It should be
recognized that further iterations would be performed by repeating the steps of Figure 29 with the successive sets of
2d values computed using f (N,i) for values of v[i] and m[i] corresponding to successively decremented values of i,
selecting successive sets of 2d pairs of values from the previously computed set of 2d sums, and computing successive
sets of 2d sums from the successive sets of 2d pairs of values. After performing n iterations, where n equals the greatest
of n1, n2, n3, ... nd, one of the 2d sums of the last set computed is divided by 2n to generate the result. The division by
2 that could be performed after each iteration is delayed until after the final iteration to avoid round-off error.
[0096] Shown in Figure 30 is a hardware implementation of a non-symmetric radial interpolator 1900 for conversion
of input color space values 10 to a component of output color space values 11. This same hardware could be used
repeatitively for an additional (D-1) passes to generate the remaining D-1 components ofthe output color space value
11. Or, there could be an additional (D-1) replications of part of the hardware implementation shown in Figure 30 to
generate each of D components simultaneously. The hardware used for generating multiplexer control inputs could be
used for each of the D replications. The non-symmetric radial interpolator 1900 shown in Figure 30 corresponds to
d=3 and n=4, where n equals the greatest of n1, n2, n3, ... nd, for the input color space value 10. The hardware imple-
mentation shown in Figure 30 implements equations 14-19 and the equations of table 4 for the generation of the sub-
cube vertex values. The non-symmetric radial interpolator 1900 of Figure 30 is formed from a first, second, third, and
fourth stage 1901-1904. Each of the four stages 1901-1904 includes 23 adders, one ofwhich is labeled as 1905. Each
of the four stages 1901-1904 further includes 23 multiplexers, one of which is labeled as 1906. Finally, each of the four
stages 1901-1904 includes 23 control input computation blocks for performing the computations of equations 14-19
with the indicated inputs. One of these control input computations blocks is labeled as 1907.
[0097] Each of stages 1901-1904 performs an iteration of interpolation. Some interpolation applications may require
that only a single iteration of interpolation be performed. For a single iteration of interpolation n=1. This corresponds
to a hardware implementation of non-symmetric radial interpolator 1900 using only first stage 1901. An additional stage
would be added for each additional iteration of interpolation required for the particular application.
[0098] Each of the inputs of the multiplexers in the first stage 1901 are connected to the eight vertex values selected
using higher order bits 10a. The outputs of each multiplexer in first stage 1901 are connected to the first input of the
corresponding adder. The second input of the adder is connected to the value corresponding to the number of the
vertex equal to one of the inputs of the corresponding control input computation blocks. The output of each of the
adders of the first stage 1901 is a vertex value of the first sub-cube. As previously mentioned, the division by two for
each iteration of sub-cube generation is deferred until the last sub-cube is generated. The vertex values of the last
sub-cube generated are divided by 2n, where n corresponds to the number of stages in the non-symmetric radial
interpolator. The inputs of each multiplexer for the second, third, and fourth stages 1902-1904 are coupled to the outputs
of the adders of the previous stage.
[0099] The control input of each multiplexer is connected to the output of the corresponding control input computation
block. The multiplexers used in the non-symmetric radial interpolator 1900 have the capability to select one of eight,
eight bit values using a three bit control input. For this d=3, n=4 implementation of non-symmetric radial interpolator
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1900, each of the inputs to the control input computation blocks is a 3 bit quantity. The output of each of the control
input computation blocks is a 3 bit quantity. The adders associated with each multiplexer performs an addition of the
selected eight bit values from each of the multiplexers.
[0100] Interpolation is performed by supplying the vertex values selected using higher order bits 10a to the multiplexer
inputs of the first stage 1901. The inputs to the control input computation blocks are hardwired. The non-symmetric
radial interpolator 1900 computes the vertex values for four iterations of sub-cube generation. The values P''''(7) through
P""(0) are the values of the vertices of the fourth sub-cube generated. In this embodiment, P''''(0) is selected, divided
by 16, and used as the result of the interpolation. The division by 16 is implemented by shifting bits and is not represented
in Figure 30.
[0101] One of ordinary skill in the art will recognize that one of the other computed values P''''(7) through P""(1) may
be selected, divided by 16, and used as the result of the interpolation. Using values corresponding to different vertices
of the final sub-cube to generate the interpolation result will bias the result of the interpolation differently. This is a
consideration in selecting which vertex value of the final sub-cube generated will be divided by 16 to generate the
result of the interpolation.
[0102] Pruned tetrahedral interpolation can be adapted for implementation in a color space represented by a non-
symmetric cubic lattice. As was the case for pruned tetrahedral interpolation, the vertices of the sub-cube generated
are computed using the vertices of a tetrahedron partitioned from the cube used to generate the sub-cube. However,
for some iterations of sub-cube generation, the corresponding bits of each of the a1, b1, and c1 components may not
be present. For these cases, the computation of the sub-cube vertices must be modified to compensate for the missing
corresponding bits in one or more of the a1, b1, and c, components.
[0103] Shown in Table 5 and equations 25 and 26 are the relationships necessary to calculate the values of the sub-
cube vertices for non-symmetric pruned tetrahedral sub-cube generation. Equations 25 and 26 along with equations
14 through 18 are used to generate the proper values so that in the relationships listed in table 5, the correct sub-cube
vertex values will be generated with or without the bits of a1, b1, and c1 corresponding to that iteration of sub-cube
generation present. If for a given iteration of sub-cube generation, a bit in any one or more of a1, b1, or c1 is not present,
equation 25 and equation 26 will generate the number of the vertex of the cube used in generating a vertex value of
the sub-cube so that compensation is made for the missing bit(s).

[0104] Although Figure 24 provides a graphical representation of the generation of a sub-cube 1400 from a cube
1401 using non-symmetric radial sub-cube generation, Figure 24 can also provide a graphical representation of non-
symmetric pruned tetrahedral sub-cube generation. On the particular iteration of the sub-cube generation shown in
Figure 24, the bit corresponding to the iteration for components b1 and c1 is not present. Therefore, the relationships
in table 5, with g(N,i) and h(N,i) calculated for the corresponding bits of b1 and c1 not present, dictate that the vertex
values P'[7], P'[6], P'[5], and P'[4] are calculated as the average of the values of the two vertices vertically aligned with
each of P'[7], P'[6], P'[5], and P'[4]. The computation of vertex values for other combinations in which each of a1, b1,
or c1 are present or not present is handled analogously by equations 25 and 26.
[0105] Shown in Figure 31 is a diagrammatic representation of the non-symmetric pruned tetrahedral interpolation
computation. The number of computations required to perform the non-symmetric pruned tetrahedral interpolation is
computed as:

Table 5
P'[7] = {P[g(7,i)] + P[h(7,i)]) ÷ 2
P'(6] = {P[g(6,i)] + P[h(6,i)]} ÷ 2
P'[5] = {P[g(5,i)] + P[h(5,i)]) ÷ 2
P'[4] = {P[g(4,i)] + p[h(4,i)]} ÷ 2
P"[3] = {P[g(3,i)] + P[h(3,i)]} ÷ 2
P'[2] = {P[g(2,i)] + P(h(2,i)]} ÷ 2
P'[1] = {P[g(1,i)] + p[h(1,i)]} ÷ 2
P'[0] = {P[g(0,i)] + P[h(0,i)]} ÷ 2

eqn. 25 g(N,i) = (v[i]|~ m[i] & N) eqn. 25

eqn. 26 h(N,i) = (v[i] | N)
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[0106] Shown in Figure 32 is a high level flow diagram of a generalized method for performing non-symmetric pruned
tetrahedral interpolation. For this method, the input color space values 10 are formed of d components. Each of the d
components is partitioned into a set of higher order bits 10a and lower order bits 10b. The d sets of lower order bits
are each designated as 1b1, 1b2,1b3, ..., 1bd. Each of the d sets of lower order bits 10b is formed from, respectively,
of n1, n2, n3, ... nd bits. The bit position of each of the d sets of lower order bits is designated from the most significant
bit to the least significant bit by corresponding values of i1, i2, i3 ... id each ranging, correspondingly, from n1 - 1 to 0,
n2 - 1 to 0, n3 - 1 to 0, . . . nd - 1 to 0.
[0107] First, a set of 2n - 2 values is computed 2000 using g (N, i) = (v[i] | ,m[i] & N) and h(N,i) = (v[i] | N), where m
[i] = 2d-1 3 Mask1[i] + 2d-2 3 Mask2[i] + 2d-3 3 Mask3[i] + ... + 2d-d 3 Maskd[i]. For this computation the values of Maskj
= 2k - 1 are each computed for a value k selected from n1, n2, n3, ... nd with the value of j corresponding to the value
of the subscript of the selected one of n1, n2, n3, ... nd. The values of j range from 1 to d. The values of v[i] are computed
as m[i] & (2d-1 3 1b1 [i] + 2d-2 3 1b2 [i] + 2d-3 3 1b3[i] + ... + 2d-d 3 1bd[i]) for values of i ranging from n-1 to 0, where
n equals the greatest of n1, n2, n3, . . . nd. The value of N corresponds to the vertex numbers ranging from 1 to 2d.
Next, a number of interpolation data values, equal to the minimum of 2n and 2d are selected 2001 using the unique
values in the set of 2n -2 values, a value of v[i] for i in the range from n-1 to 0, and the d sets of higher order bits. Finally,
the selected interpolation data values are added 2002 to generate a sum. To avoid roundoff error the generated sum
is divided by 2n. This step is not shown in Figure 32.
[0108] Shown in Figure 33 is a high level flow diagram of a method implemented in software to perform non-symmetric
pruned tetrahedral interpolation. First, the mask values are generated 2100 for each component of the input color
space value 10. Next, a determination 2101 is made if any one of the components of the input color space value (a,
b, c) 10 corresponds to a location on an outer boundary of the cubic lattice 1 .This is the case if any one or more of
the components of the input color space value has a value of FF hexadecimal. If this is the case, then, for purposes
of generating the index into the cubic lattice 1 to retrieve the necessary vertex values, the components of the input
color space value 10 which have a value of FF hexadecimal are assigned 2102 a value of 100 hexadecimal. Then, the
values of each of the m[i] and v[i] are computed 2103. Next, the indices used to access each of the vertex values used
for the interpolation are computed 2104 using g (N,i) and h (N,i). Finally, each of the components of the output color
space value are computed 2105 using the values accessed by the indices computed in step 2104.
[0109] Included in Figure 45 is a listing of the code for a software implementation of non-symmetric pruned tetrahedral
interpolation in C. For the non-symmetric pruned tetrahedral interpolation, the computed indices correspond to offsets
from the origin of the cube selected by the higher order bits 10a. Because of the changing resolution used throughout
the output color space, the values of the vertices for three cubes (one cube for each dimension of the output color
space) selected by the higher order bits 10a is passed into the routine of Figure 45 each time color space conversion
is performed on an input color space value 10. This is different than the code for the pruned radial and pruned tetrahedral
interpolation in which the color table is passed as an array into the routine and indices into this table are computed in
the routine.
[0110] It is also possible to implement non-symmetric pruned tetrahedral interpolation in hardware. As previously
mentioned, shifts and concatenations are implemented without requiring additional hardware elements. The hardware
functional blocks required to perform the non-symmetric pruned tetrahedral interpolation include adders, AND gates,
OR gates, and multiplexers. With D dimensions in the output color space, d dimensions in the input color space, and
n bits representing the maximum number of bits used to represent one of the components of the input color space
value, the requirements of the hardware implementation of the non-symmetric pruned tetrahedral interpolation can be
computed as:

eqn. 28 # of Memory accesses = D(min(2d, 2n))

eqn. 29 # of Adders = D 3 2n

eqn. 30 # of Multiplexers = D 3 (2n - 1)
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To generate the gate level design necessary to implement the non-symmetric pruned tetrahedral interpolation in hard-
ware, a commonly used hardware description language, such as VHDL, may be used. Included in Figure 46 is a listing
of the VHDL code which can generate a hardware implementation of non-symmetric pruned tetrahedral interpolation.
[0111] Shown in Figure 34 is a hardware implementation of a non-symmetric pruned tetrahedral interpolator 2200.
Control input computation blocks 2201a-2201v compute the values used by the control inputs of multiplexers 2202a-
2202n. The control input computation blocks 2201a-2201v apply the functions of equations 25 and 26, as indicated in
Figure 34 to compute the control inputs for multiplexers 2202a-2202n. As shown in Figure 34, multiplexer 2202o uses
a value of v[i] for its control input. Each of mulitplexers 2202a-2202o select from eight interpolation data values selected
using higher order bits 10a. Adders 2203a-2203o sum the outputs of multiplexers 2202a-2202o. This sum is divided
by 2n through bit shifting (not shown in Figure 34) to generate the interpolation result.
[0112] The hardware of Figure 28 could be used repeatitively for an additional (D-1) passes to generate the remaining
D-1 components of the output color space value 11. Or, there could be an additional (D-1) replications of part of the
hardware implementation shown in Figure 28 to generate each of D components simultaneously. The hardware used
for generating multiplexer control inputs could be used for each of the D replications. The non-symmetric pruned tet-
rahedral interpolator 2200 shown in Figure 34 corresponds to d=3 and the maximum one of n1, n2, n3, ... nd equal to
4 for the input color space value 10. The non-symmetric pruned tetrahedral interpolator 2200 implements the diagram-
matic representation of non-symmetric pruned tetrahedral interpolation shown in Figure 31. Shown in Figure 35 is a
high level flow diagram of a generalized method for performing non-symmetric tetrahedral interpolation. First, a first
and a second set of 2d values are computed 2300 using, respectively g (N,i) and h (N,i). Next, 2d pairs of interpolation
data values are selected 2301 using the first and second set of values. Finally a set of 2d sums are computed 2302
using the 2d pairs of interpolation data values.
[0113] The method shown in Figure 35 is for a single iteration of non-symmetric tetrahedral interpolation. It should
be recognized that further iterations would be performed by repeating the steps of Figure 35 with the successive sets
of 2d values computed using g (N,i) and h (N,i) for values of v[i] and m[i] corresponding to successively decremented
values of i, selecting successive sets of 2d pairs of values from the previously computed set of 2d sums, and computing
successive sets of 2d sums from the successive sets of 2d pairs of values. After performing n iterations, where n equals
the greatest of n1, n2, n3, ... nd, one of the 2d sums of the last set computed is divided by 2n (not shown in Figure 35)
to generate the result. The division by 2 that could be performed after each iteration is delayed until after the final
iteration to avoid round-off error.
[0114] Shown in Figure 36 is a hardware implementation of a non-symmetric tetrahedral interpolator 2400 for con-
version of input color space values 10 to a component of output color space values 11. This same hardware could be
used repeatitively for an additional (D-1) passes to generate the remaining D-1 components of the output color space
value 11. Or, there could be an additional (D-1) replications of part of the hardware implementation shown in Figure
36 to generate each of D components simultaneously. The hardware used for generating multiplexer control inputs
could be used for each of the D replications. The non-symmetric tetrahedral interpolator 2400 shown in Figure 36
corresponds to d=3 and n=4, where n equals the greatest of n1, n2, n3, ... nd, for the input color space value 10. The
hardware implementation shown in Figure 36 implements equations 25 and 26 and the equations of table 5 for the
generation of the sub-cube vertex values. The non-symmetric tetrahedral interpolator 2400 of Figure 36 is formed from
a first, second, third, and fourth stage 2401-2404. Each of the four stages 2401-2404 includes 23 adders, one of which
is labeled as 2405. Each of the four stages 1901-1904 further includes 2 3 23 multiplexers, one of which is labeled as
2406. The multiplexers for each stage are arranged into 23 pairs. Finally, each of the four stages 2401 -2404 includes
23 control input computation blocks for computing g (N,i) and 23 control input computation blocks for computing h (N,
i). One of the control input computation blocks for computing g (N,i) is labeled as 2407 and one of the control input
computation blocks for computing h (N,i) is labeled as 2408.
[0115] Each of stages 2401-2404 performs an iteration of interpolation. Some interpolation applications may require
that only a single iteration of interpolation be performed. For a single iteration of interpolation n=1. This corresponds
to a hardware implementation of non-symmetric tetrahedral interpolator 2400 using only first stage 2401. An additional
stage would be added for each additional iteration of interpolation required for the particular application.
[0116] Each of the inputs of the multiplexers in the first stage 2401 are connected to the eight vertex values selected
using higher order bits 10a. The outputs of each pair of multiplexers in stages 2401-2404 are connected to, respectively,
the first and second inputs of the corresponding adder. The output of each of the adders of the first stage 1901 is a
vertex value of the first sub-cube. As previously mentioned, the division by 2 for each iteration of sub-cube generation
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is deferred until the last sub-cube is generated. The vertex values of the last sub-cube generated are divided by 2n

(not shown in Figure 36), where n corresponds to the number of stages in the non-symmetric tetrahedral interpolator.
The inputs of each multiplexer for the second, third, and fourth stages 2402-2404 are coupled to the outputs of the
adders of the previous stage.
[0117] The control input of each multiplexer is connected to the output of the corresponding control input computation
block. The multiplexers used in the non-symmetric tetrahedral interpolator 2400 have the capability to select one of
eight, eight bit values using a three bit control input. For this d=3 implementation of non-symmetric tetrahedral inter-
polator 2400, each of the inputs to the control input computation blocks is a 3 bit quantity. The output of each of the
control input computation blocks is a 3 bit quantity. The adders associated with each multiplexer performs an addition
of the selected eight bit values from each of the multiplexers.
[0118] Interpolation is performed by supplying the vertex values selected using higher order bits 10a to the multiplexer
inputs of the first stage 2401. The inputs to the control input computation blocks are hardwired. The non-symmetric
tetrahedral interpolator 2400 computes the vertex values for four iterations of sub-cube generation. The values P''''(7)
through P''''(0) are the values of the vertices of the fourth sub-cube generated. In this embodiment, P""(0) is selected,
divided by 16, and used as the result of the interpolation. The division by 16 is implemented by shifting bits and is not
represented in Figure 36.
[0119] One of ordinary skill in the art will recognize that one of the other computed values P''''(7) through P""(1) may
be selected, divided by 16, and used as the result of the interpolation. Using values corresponding to different vertices
of the final sub-cube to generate the interpolation result will bias the result of the interpolation differently. This is a
consideration in selecting which vertex value of the final sub-cube generated will be divided by 16 to generate the
result of the interpolation.
[0120] A common hardware implementation of non-symmetric radial interpolation and non-symmetric pruned tetra-
hedral interpolation is possible. As can be seen from the diagrammatic representations of the non-symmetric radial
interpolation and the non-symmetric pruned tetrahedral interpolation in Figure 25 and Figure 31, respectively, a common
hardware implementation could be accomplished by multiplexing the indices used to access the input vertex values.
Included in Figure 47 is a listing of the VHDL code which can generate a common hardware implementation of non-
symmetric radial and non-symmetric pruned tetrahedral interpolation.
[0121] Shown in Figure 37 is a hardware implementation of a common non-symmetric pruned radial and non-sym-
metric pruned tetrahedral interpolator 2500. The hardware implementation of common non-symmetric pruned radial
and non-symmetric pruned tetrahedral interpolation incorporates the control input computation blocks of the non-sym-
metric pruned radial 1700 and non-symmetric pruned tetrahedral 2200 interpolators. Multiplexers 2501a-2501n are
used to select the data to the control inputs of multiplexers 2502a-2502n. A single bit is used to control the selection
of the data at the inputs of multiplexers 2501a-2501n. The single bit controls whether the multiplexer control inputs to
multiplexers 2502a-2502n are for non-symmetric pruned tetrahedral interpolation or for non-symmetric pruned radial
interpolation. The multiplexer control input for multiplexers 2502a-2502n determines which of the interpolation data
values are coupled to the adders. With the bit in the first of its two states, the hardware of Figure 37 performs as a
non-symmetric pruned radial interpolator. With the bit in the second of its two states, the hardware of Figure 37 performs
as a non-symmetric pruned tetrahedral interpolator. Adders 2503a-2503o sum the outputs of mulitplexers 2502a-
2502o. By shifting bits, the resulting sum is divided by 16 (not shown in Figure 22) to generate the result. Control input
computation blocks 2504a-2504k implement equations 14-19 and control input computation blocks 2505a-2505v im-
plement equations 25 and 26.
[0122] The hardware of Figure 37 could be used repeatitively for an additional (D-1) passes to generate the remaining
D-1 components of the output color space value 11. Or, there could be an additional (D-1) replications of part of the
hardware implementation shown in Figure 37 to generate each of D components simultaneously. The hardware used
for generating multiplexer control inputs could be used for each of the D replications. The common non-symmetric
pruned radial and non-symmetric pruned tetrahedral interpolator 2500 shown in Figure 37 corresponds to d=3 and n=4
for the input color space value 10.
[0123] It should be recognized that for each of the disclosed hardware emobidments of interpolators, computations
are required to supply the multiplexer control inputs. These computations may be implemented in dedicated hardware
or performed using a microprocessor under software control. Using a microprocessor to compute the multiplexer control
inputs results in a hardware savings at the expense of increasing the time required to perform the multiplexer control
input computations.
[0124] Although several embodiments of the inventions have been illustrated, and their forms described, it is readily
apparent to those of ordinary skill in the art that various modifications may be made therein without departing from the
scope of the appended claims.
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Claims

1. A common non-symmetric pruned radial and non-symmetric pruned tetrahedral interpolator (2500) for interpolating
between interpolation data values using input data values (10) each having d components to generate output data
values (11), said d components represented, correspondingly, by d sets of bits each partitioned to form d sets of
lower order bits (10b) each having, respectively, n1, n2, n3, ... nd of said bits, said common non-symmetric pruned
radial and non-symmetric pruned tetrahedral interpolator comprising:

a first set of 2n - 1 multiplexers (2502a-2502o) each configured for receiving one of a first set of control inputs
and having a multiplexer output where n equals the greatest of said n1, n2, n3, ... nd, each of said multiplexers
(2502a-2502o) of said first set for selecting from said interpolation data values responsive to said one of said
first set of control inputs;
a second set of 2n- 2 multiplexers (2501a-2501n) each having a multiplexer output, each of said multiplexer
output of said second set coupled to one of said multiplexers (2502a-2502o) of said first set of multiplexers
(2502a-2502o), said second set of multiplexers (2501a-2501n) to supply 2n- 2 of said first set of control inputs
by each of said second set of multiplexers (2501a-2501o) selecting between one of a first set of values and
one of a second set of values, responsive to one of a second set of control inputs, where determining said
first set of values includes using a first function using a bit mask and using a binary number computed by
selecting the most significant bit from each of said input data values and by concatenating said most significant
bits into a binary value, and determining said second set of values includes using a second function using said
bit mask and said binary number, but different from said first function and a third function using said binary
number without said bit mask, and
a means for adding (2503a-2503o) configured for receiving said multiplexer output of said first set of multi-
plexers (2502a-2502o).

2. The common non-symmetric pruned radial and non-symmetric pruned tetrahedral interpolator (2500) as recited
in claim 1, further comprising:

a first set of 2n - n -1 control input computation blocks (2504a-2504k) with each of said control input computation
blocks (2504a-2504k) of said first set coupled to one of said multiplexers (2501a-2501n) of said second set,
said first set of control input computation blocks (2504a-2504k) for using said first function to generate 2n - n
-1 of said first set of values; and
a second set of 2n - 2 control input computation blocks (2505a-2505n) with each of said control input compu-
tation blocks (2505a-2505n) of said second set coupled to one of said multiplexers (2501a-2501n) of said
second set, said second set of control input computation blocks (2505a-2505n) for using said second function
and said third function to generate said second set of values.

3. The common non-symmetric pruned radial and non-symmetric pruned tetrahedral interpolator (2500) as recited
in claim 2, wherein:

each of said multiplexers (2502a-2502o) of said first set includes 2d of multiplexer inputs for receiving 2d of
said interpolation data values;
each of said multiplexers (2501a-2501n) of said second set includes a first multiplexer input and a second
multiplexer input configured for receiving, respectively, said one of said first set of values and said one of said
second set of values; and
each of said multiplexers (2501a-2501n) of said second set includes the capability for using said one of said
second set of control inputs to select between performing non-symmetric pruned radial interpolation and non-
symmetric pruned tetrahedral interpolation.

4. The common non-symmetric pruned radial and non-symmetric pruned tetrahedral interpolator (2500) as recited
in claim 3, wherein:

1b1, 1b2, 1b3, ..., 1bd designate said d sets of lower order bits (10b) with a bit position of each bit of said d
sets of lower order bits (10b) designated from a most significant of said lower order bits (10b) to a least sig-
nificant of said lower order bits (10b) by corresponding values of i1, i2, i3 ... id each ranging, correspondingly,
from n1 - 1 to 0, n2- 1 to 0, n3 - 1 to 0, ... nd - 1 to 0;
computation of said second set of values includes using g (N, i) = (v[i] |,m[i]) & N and h (N,i) = v[i] | N for,
respectively, said second function and said third function where m[i] = 2d-1 3 Mask,[i] + 2d-2 3 Mask2[i] + 2d-3
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3 Mask3[i] + ... + 2d-d 3 Maskd[i], each of Maskj = 2k - 1 for one value of k selected from said n1, n2, n3, ... nd
and for j ranging from 1 to d, v[i] = m[i] & (2d-1 3 1b1 [i] + 2d-2 3 1b2 [i] + 2d-3 3 1b3[i] + ... + 2d-d 3 1bd[i]) for
values of i ranging from n-1 to 0, and where N includes values ranging from 1 to 2d;
computation of 2n - n - 1 of said first set of values includes using f (N, i) = v[i] | (N & ~m[i]) for said first function;
and
computation of n-1 of said first set of values includes using v[i] for said values of i ranging from n-2 to 0; and
computation of one of said first set of control inputs includes using v[i] for one of said values of i equal to n - 1.

5. The common non-symmetric pruned radial and non-symmetric pruned tetrahedral interpolator (2500) as recited
in claim 4, wherein:

said means for adding (2503a-2503o) includes 2n- 1 adders (2503a-2503o) each having a first input, a second
input, and an output;
2n-1 - 1 of said adders (2503a-2503o) each have said first input and said second input coupled to one of said
multiplexer output of said multiplexers (2502a-2502o) of said first set;
said first input of one of said adders (2503a-2503o) includes a configuration for receiving one of said interpo-
lation data values selected using d sets of higher order bits (10a) partitioned from said d sets of bits and having
said second input coupled to one of said multiplexer output of said multiplexers (2501a-2501n) of said second
set; and
2n - (2n-1- 1) of said adders (2503a-2503o) each have said first input and said second input coupled to said
output of another of said adders (2503a-2503o).

6. The common non-symmetric pruned radial and non-symmetric pruned tetrahedral interpolator (2500) as recited
in claim 5, wherein:

each of said interpolation data values includes D interpolation data value components; and
each of said D interpolation data value components corresponds to a dimension of an output color space and
each of said d components of said input data values (10) corresponds to a dimension of an input color space.

7. The common non-symmetric pruned radial and non-symmetric pruned tetrahedral interpolator (2500) as recited
in claim 6, wherein:

a printing device includes said common non-symmetric pruned radial and non-symmetric pruned tetrahedral
interpolator (2500) for performing a color space conversion.

8. The common non-symmetric pruned radial and non-symmetric pruned tetrahedral interpolator (2500) as recited
in claim 7, wherein:

D equals 3, d equals 3, and n equals 4, said output color space includes a color space selected from the group
consisting of a RGB, a Lab, a XYZ, a HSV, a Luv, a HLS, and a CMY color space and said input color space
includes a color space selected from the group consisting of a RGB, a Lab, a XYZ, a HSV, a Luv, a HLS, and
a CMY color space.

9. The common non-symmetric pruned radial and non-symmetric pruned tetrahedral interpolator (2500) as recited
in claim 7, wherein:

D equals 4, d equals 3, and n equals 4, said output color space includes a CMYK color space and said input
color space includes a color space selected from the group consisting of a RGB, a Lab, a XYZ, a HSV, a Luv,
a HLS, and a CMY color space.

10. A common non-symmetric pruned radial and non-symmetric pruned tetrahedral interpolator (2500) for interpolating
between interpolation data values using input data values (10) each having three components to generate output
data values (11), said components represented by three sets of bits each partitioned to form three sets of lower
order bits (10b), each having, respectively, n1, n2, n3 of said bits, and three sets of higher order bits (10a), said
common non-symmetric pruned radial and non-symmetric pruned tetrahedral interpolator (2500) comprising:

a first multiplexer (2502o) having a first multiplexer output and configured for receiving a first control input and
said interpolation data values, said first multiplexer (2502o) for selecting from said interpolation data values
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responsive to said first control input;
a second multiplexer (2502n) having a second multiplexer output and configured for receiving a second control
input and said interpolation data values, said second multiplexer (2502n) for selecting from said interpolation
data values responsive to said second control input;
a third multiplexer (2502m) having a third multiplexer output and configured for receiving a third control input
and said interpolation data values, said third multiplexer (2502m) for selecting from said interpolation data
values responsive to said third control input;
a fourth multiplexer (2501n) having a fourth multiplexer output coupled to said second multiplexer (2502n) to
supply said second control input, said fourth multiplexer (2501n) for selecting from a first value determined
from a first function and a second value determined from a second function and a third function;
a fifth multiplexer (2501m) having a fifth multiplexer output coupled to said third multiplexer (2502m) to supply
said third control input, said fifth multiplexer (2501m) for selecting from a third value determined from said first
function using a bit mask and using a binary number computed by selecting the most significant bit from each
of said input data values and by concatenating said most significant bits into a binary value, and a fourth value
determined from said second function using said bit mask and siad binary number, but different from said first
function and said third function using said binary number without said bit mask; and
a means for adding (2503g, 2503h, 25031) coupled to said first (2502o), said second (2502n), and said third
multiplexer (2502m) output and configured for receiving one of said interpolation data values determined from
said three sets of higher order bits (10a).

Patentansprüche

1. Ein gemeinsamer nichtsymmetrischer beschnittener radialer und nichtsymmetrischer beschnittener vierflächiger
Interpolator (2500) zum Interpolieren zwischen Interpolationsdatenwerten unter Verwendung von Eingangsdaten-
werten (10), die jeweils d Komponenten aufweisen, um Ausgangsdatenwerte (11) zu erzeugen, wobei die d Kom-
ponenten durch d Sätze von Bits entsprechend dargestellt sind, die jeweils unterteilt sind, um d Sätze von Bits
niedrigerer Ordnung (10b) zu bilden, die jeweils n1, n2, n3, ... nd der Bits aufweisen, wobei der gemeinsame nicht-
symmetrische beschnittene radiale und nichtsymmetrische beschnittene vierflächige Interpolator folgende Merk-
male umfaßt:

einen ersten Satz von 2n - 1 Multiplexern (2502a - 2502o), die jeweils konfiguriert sind zum Empfangen eines
von einem ersten Satz von Steuereingangssignalen und einen Multiplexerausgang aufweisen, mit n gleich
dem Größten von n1, n2, n3 ... nd, wobei jeder der Multiplexer (2502a - 2502o) des ersten Satzes vorgesehen
ist, um ansprechend auf den einen des ersten Satzes von Steuereingangssignalen aus den Interpolationsda-
tenwerten auszuwählen;

einen zweiten Satz von 2n - 2 Multiplexern (2501a - 2501n), die jeweils einen Multiplexerausgang aufweisen,
wobei jeder der Multiplexerausgänge des zweiten Satzes mit einem der Multiplexer (2502a - 2502o) des ersten
Satzes von Multiplexern (2502a - 2502o) gekoppelt ist, wobei der zweite Satz von Multiplexern (2501a - 2501n)
vorgesehen ist, um 2n - 2 des ersten Satzes von Steuereingangssignalen durch jeden des zweiten Satzes
von Multiplexern (2501a - 2501o) zuzuführen, die ansprechend auf einen von einem zweiten Satz von Steu-
ereingangssignalen zwischen einem von einem ersten Satz von Werten und einem von einem zweiten Satz
von Werten auswählen, wobei das Bestimmen des ersten Satzes von Werten das Verwenden einer ersten
Funktion umfaßt, die eine Bitmaske verwendet und eine Binärzahl verwendet, die durch Auswählen des
höchstwertigsten Bits von jedem der Eingangsdatenwerte und durch Verketten der höchstwertigsten Bits in
einen binären Wert berechnet wird, und wobei das Bestimmen des zweiten Satzes von Werten das Verwenden
einer zweiten Funktion, die die Bitmaske und die Binärzahl verwendet, die sich aber von der ersten Funktion
unterscheidet, und einer dritten Funktion umfaßt, die die Binärzahl ohne die Bitmaske verwendet, und

eine Einrichtung zum Addieren (2503a - 2503o), die zum Empfangen des Multiplexerausgangssignals von
dem ersten Satz von Multiplexern (2502a - 2502o) konfiguriert ist.

2. Der gemeinsame nichtsymmetrisch beschnittene radiale und nichtsymmetrisch beschnittene vierflächige Interpo-
lator (2500) gemäß Anspruch 1, der ferner folgende Merkmale umfaßt:

einen ersten Satz von 2n - n - 1 Steuereingangsberechnungsblöcken (2504a - 2504k), wobei jeder der Steu-
ereingangsberechnungsblöcke (2504a - 2504k) des ersten Satzes mit einem der Multiplexer (2501a - 2501n)
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des zweiten Satzes gekoppelt ist, wobei der erste Satz von Steuereingangsberechnungsblöcken (2504a -
2504k) zum Verwenden der ersten Funktion zum Erzeugen von 2n - n - 1 des ersten Satzes von Werten
vorgesehen ist; und

einen zweiten Satz von 2n - 2 Steuereingangsberechnungsblöcken (2505a - 2505n), wobei jeder der Steuer-
eingangsberechnungsblöcke (2505a - 2505n) des zweiten Satzes mit einem der Multiplexer (2501a - 2501n)
des zweiten Satzes gekoppelt ist, wobei der zweite Satz von Steuereingangsberechnungsblöcken (2505a -
2505n) zum Verwenden der zweiten Funktion und der dritten Funktion zum Erzeugen des zweiten Satzes von
Werten vorgesehen ist.

3. Der gemeinsame nichtsymmetrisch beschnittene radiale und nichtsymmetrisch beschnittene vierflächige Interpo-
lator (2500) gemäß Anspruch 2, bei dem:

jeder der Multiplexer (2502a - 2502o) des ersten Satzes 2d Multiplexereingänge zum Empfangen von 2d der
Interpolationsdatenwerte umfaßt;

jeder der Multiplexer (2501a - 2501n) des zweiten Satzes einen ersten Multiplexereingang und einen zweiten
Multiplexereingang umfaßt, die konfiguriert sind, um den einen des ersten Satzes von Werten bzw. den einen
des zweiten Satzes von Werten zu empfangen; und

jeder der Multiplexer (2501a - 2501n) des zweiten Satzes die Fähigkeit zum Verwenden des einen des zweiten
Satzes von Steuereingangssignalen umfaßt, zum Auswählen zwischen dem Durchführen einer nichtsymme-
trisch beschnittenen radialen Interpolation und einer nichtsymmetrischen beschnittenen vierflächigen Interpo-
lation.

4. Der gemeinsame nichtsymmetrisch beschnittene radiale und nichtsymmetrisch beschnittene vierflächige Interpo-
lator (2500) gemäß Anspruch 3, bei dem:

1b1, 1b2, 1b3, ... , 1bd die d Sätze von Bits niedrigerer Ordnung (10b) bezeichnen, wobei eine Bitposition jedes
Bits der d Sätze von Bits niedrigerer Ordnung (10b) von einem höchstwertigsten der Bits niedrigerer Ordnung
(10b) zu einem niedrigstwertigen der Bits niedrigerer Ordnung (10b) durch entsprechende Werte von i1, i2,
i3, ... id bezeichnet ist, die jeweils entsprechend von n1 - 1 bis 0, n2 - 1 bis 0, n3 - 1 bis 0, ... nd - 1 bis 0 reichen;

die Berechnung des zweiten Satzes von Werten die Verwendung von g (N, i) = ( v [ i ] |~m [ i ] ) & N und h (N,
i) = v [i] | N für die zweite Funktion bzw. die dritte Funktion umfaßt, mit m [i] = 2 d-1 x Maske1[i] + 2d-2 x Maske2
[i] + 2d-3 x Maske3 [i] + ... + 2d-d x Masked [i] , mit jeder Maskej = 2k - 1 für einen Wert von k, der aus n1, n2,
n3, . . .nd ausgewählt ist, und für j, der von 1 bis d reicht, mit v[i] = m[i] & (2 d-1 x 1b1(i] + 2d-2

x 1b2 [i] + 2d-3 x
1b3 [i] + ... + 2d-d x 1bd[i]) für Werte von i, die von n-1 bis 0 reichen, und wobei N Werte umfaßt, die von 1 bis
2d reichen;

die Berechnung von 2n - n - 1 des ersten Satzes von Werten die Verwendung von f (N, i) = v[i] | (N&-m[i] für
die erste Funktion umfaßt; und

die Berechnung von n - 1 des ersten Satzes von Werten die Verwendung von v[i] für die Werte von i umfaßt,
die von n - 2 bis 0 reichen; und

die Berechnung von einem des ersten Satzes von Steuereingängen das Verwenden von v[i] für einen der
Werte von i gleich n - 1 umfaßt.

5. Der gemeinsame nichtsymmetrische beschnittene radiale und nichtsymmetrische beschnittene vierflächige Inter-
polator (2500) gemäß Anspruch 4, bei dem:

die Einrichtung zum Addieren (2503a - 2503o) 2n - 1 Addierer (2503a - 2503o) umfaßt, die jeweils einen ersten
Eingang, einen zweiten Eingang und einen Ausgang umfassen;

2n-1 - 1 der Addierer (2503a - 2503o) jeweils den ersten und den zweiten Eingang mit einem der Multiplexer-
ausgänge der Multiplexer (2502a - 2502o) des ersten Satzes gekoppelt haben;

der erste Eingang von einem der Addierer (2503a - 2503o) eine Konfiguration zum Empfangen von einem der
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Interpolationsdatenwerte umfaßt, die unter Verwendung von d Sätzen von Bits höherer Ordnung (10a) aus-
gewählt wurden, die von den d Sätzen von Bits abgeteilt werden, und wobei der zweite Eingang mit einem
der Multiplexerausgänge der Multiplexer (2501a - 2501n) des zweiten Satzes gekoppelt ist; und

2n - (2n-1 - 1) der Addierer (2503a - 2503o) jeweils den ersten Eingang und den zweiten Eingang mit dem
Ausgang eines anderen der Addierer (2503a - 2503o) gekoppelt haben.

6. Der gemeinsame nichtsymmetrische beschnittene radiale und nichtsymmetrische beschnittene vierflächige Inter-
polator (2500) gemäß Anspruch 5, bei dem:

jeder der Interpolationsdatenwerte D Interpolationsdatenwertkomponenten umfaßt; und

jede der D Interpolationsdatenwertkomponenten einer Abmessung eines Ausgangsfarbraums entspricht, und
jede der d Komponenten der Eingangsdatenwerte (10) einer Dimension eines Eingangsfarbraums entspricht.

7. Der gemeinsame nichtsymmetrisch beschnittene radiale und nichtsymmetrisch beschnittene vierflächige Interpo-
lator (2500) gemäß Anspruch 6, bei dem:

ein Druckgerät den gemeinsamen nichtsymmetrisch beschnittenen radialen und nichtsymmetrisch beschnit-
tenen vierflächigen Interpolator (2500) zum Durchführen einer Farbraumumwandlung umfaßt.

8. Der gemeinsame nichtsymmetrisch beschnittene radiale und nichtsymmetrisch beschnittene vierflächige Interpo-
lator (2500) gemäß Anspruch 7, bei dem:

D gleich 3 ist, d gleich 3 ist und n gleich 4 ist, wobei der Ausgangsfarbraum einen Farbraum umfaßt, der aus
der Gruppe ausgewählt ist, die aus einem RGB-, einem Lab-, einem XYZ-, einem HSV-, einem Luv-, einem
HLS- und einem CMY-Farbraum besteht, und der Eingangsfarbraum einen Farbraum umfaßt, der aus der
Gruppe ausgewählt ist, die aus einem RGB-, einem Lab-, einem XYZ-, einem HSV-, einem Luv-, einem HLS-
und einem CMY-Farbraum besteht.

9. Der gemeinsame nichtsymmetrisch beschnittene radiale und nichtsymmetrisch beschnittene vierflächige Interpo-
lator (2500) gemäß Anspruch 7, bei dem:

D gleich 4 ist, d gleich 3 ist und n gleich 4 ist, wobei der Farbraum einen CMYK-Farbraum umfaßt und der
Eingangsfarbraum einen Farbraum umfaßt, der von der Gruppe ausgewählt ist, die aus einem RGB-, einem
Lab-, einem XYZ-, einem HSV-, einem Luv-, einem HLS- und einem CMY-Farbraum besteht.

10. Ein gemeinsamer nichtsymmetrisch beschnittener radialer und nichtsymmetrisch beschnittener vierflächiger In-
terpolator (2500) zum Interpolieren zwischen Interpolationsdatenwerten unter Verwendung von Eingangsdaten-
werten (10), die jeweils drei Komponenten aufweisen, um Ausgangsdatenwerte (11) zu erzeugen, wobei die Kom-
ponenten, die durch drei Sätze von Bits dargestellt sind, die jeweils unterteilt sind, um drei Sätze von Bits niedrigerer
Ordnung (10b), die jeweils n1, n2, n3 der Bits aufweisen, und drei Sätze von Bits höherer Ordnung (10a) zu bilden,
wobei der gemeinsame nichtsymmetrisch beschnittene radiale und nichtsymmetrisch beschnittene vierflächige
Interpolator (2500) folgende Merkmale umfaßt:

einen ersten Multiplexer (2502o) mit einem ersten Multiplexerausgang, der konfiguriert ist zum Empfangen
eines ersten Steuereingangssignals und der Interpolationsdatenwerte, wobei der erste Multiplexer (2502o)
vorgesehen ist, um ansprechend auf das erste Steuereingangssignal aus den Interpolationsdatenwerten aus-
zuwählen;

einen zweiten Multiplexer (2502n) mit einem zweiten Multiplexerausgang, der konfiguriert ist zum Empfangen
eines zweiten Steuereingangssignals und der Interpolationsdatenwerte, wobei der zweite Multiplexer (2502n)
vorgesehen ist, um ansprechend auf das zweite Steuereingangssignal aus den Interpolationsdatenwerten
auszuwählen;

einen dritten Multiplexer (2502m) mit einem dritten Multiplexerausgang, der konfiguriert ist zum Empfangen
eines dritten Steuereingangssignals und der Interpolationsdatenwerte, wobei der dritte Multiplexer (2502m)
vorgesehen ist, um ansprechend auf das dritte Steuereingangssignal aus den Interpolationsdatenwerten aus-
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zuwählen;

einen vierten Multiplexer (2501n) mit einem vierten Multiplexerausgang, der mit dem zweiten Multiplexer
(2502n) gekoppelt ist, um das zweite Steuereingangssignal zuzuführen, wobei der vierte Multiplexer (2501n)
vorgesehen ist, um aus einem ersten Wert, der von einer ersten Funktion bestimmt wird, und einem zweiten
Wert, der von einer zweiten Funktion und einer dritten Funktion bestimmt wird, auszuwählen;

einen fünften Multiplexer (2501m) mit einem fünften Multiplexerausgang, der mit dem dritten Multiplexer
(2502m) gekoppelt ist, um das dritte Steuereingangssignal zuzuführen, wobei der fünfte Multiplexer (2501m)
vorgesehen ist, um aus einem dritten Wert, der aus der ersten Funktion bestimmt wird, die eine Bitmaske und
eine Binärzahl verwendet, die durch Auswählen des höchstwertigsten Bits von jedem der Ausgangsdatenwer-
ten, und durch Verketten der höchstwertigsten Bits in einen binären Wert berechnet wird, und einem vierten
Wert, der aus der zweiten Funktion bestimmt wird, die die Bitmaske und die Binärzahl verwendet, die sich
aber von der ersten Funktion unterscheidet, und aus der dritten Funktion, die die Binärzahl ohne die Bitmaske
verwendet, auszuwählen; und

eine Einrichtung zum Addieren (2503g, 2503h, 2503l), die mit dem Ausgang des ersten (2502o), des zweiten
(2502n) und des dritten Multiplexers (2502m) gekoppelt ist, und konfiguriert ist zum Empfangen von einem
der Interpolationsdatenwerte, die von den drei Sätzen von Bits höherer Ordnung (10a) bestimmt sind.

Revendications

1. Interpolateur commun radial élagué non-symétrique et tétraédral élagué non-symétrique (2500) pour une interpo-
lation entre des valeurs de données d'interpolation utilisant des valeurs de données d'entrée (10) possédant cha-
cune d composants afin de générer des valeurs de données de sortie (11), lesdits d composants étant représentés
de façon correspondante par d ensembles de bits partitionnés chacun pour former d ensembles de bits d'ordre
inférieur (10b) possédant chacun respectivement n1, n2, n3, ..., nd desdits bits, ledit interpolateur commun radial
élagué non-symétrique et tétraédral élagué non-symétrique comprenant :

- un premier ensemble de 2n - 1 multiplexeurs (2502a à 2502o) configurés chacun pour recevoir une entrée
d'un premier ensemble d'entrées de commande et possédant une sortie de multiplexeur, n étant égal au plus
grand desdits n1, n2, n3, ... , nd, chacun desdits multiplexeurs (2502a à 2502o) dudit premier ensemble étant
prévu pour une sélection à partir desdites valeurs de données d'interpolation selon ladite entrée dudit premier
ensemble d'entrées d e commande ;

- un second ensemble de 2n - 2 multiplexeurs (2501a à 2501n) possédant chacun une sortie de multiplexeur,
chacune desdites sorties de multiplexeur dudit second ensemble étant couplée à un desdits multiplexeurs
(2502a à 2502o) dudit premier ensemble de multiplexeurs (2502a à 2502o), ledit second ensemble de multi-
plexeurs (2501a à 2501n) étant prévu pour fournir 2n - 2 dudit premier ensemble d'entrées de commande par
sélection par chacun dudit second ensemble de multiplexeurs (2502a à 2502o) entre une valeur d'un premier
ensemble de valeurs et une valeur d'un second ensemble de valeurs, selon une entrée d'un second ensemble
d'entrées de commande, dans lequel la détermination du premier ensemble de valeurs comprend l'utilisation
d'une première fonction utilisant un masque binaire et un nombre binaire calculé par sélection du bit le plus
significatif à partir de chacune desdites valeurs de données d'entrée et par concaténation desdits bits les plus
significatifs en une valeur binaire et la détermination dudit second ensemble de valeurs comprend l'utilisation
d'une seconde fonction utilisant ledit masque binaire et ledit nombre binaire mais différente de ladite première
fonction et d'une troisième fonction utilisant ledit nombre binaire sans ledit masque binaire ; et

- un moyen d'addition (2503a à 2503o) configuré pour recevoir ladite sortie de multiplexeur dudit premier en-
semble de multiplexeurs (2502a à 2502o).

2. Interpolateur commun radial élagué non-symétrique et tétraédral élagué non-symétrique (2500) selon la revendi-
cation 1, comprenant, de plus :

- un premier ensemble de 2n - n - 1 blocs de calcul d'entrée de commande (2504a à 2504k) avec chacun desdits
blocs de calcul d'entrée de commande (2504a à 2504k) dudit premier ensemble couplé à un desdits multi-
plexeurs (2501a à 2501n) dudit second ensemble, ledit premier ensemble de blocs de calcul d'entrée de
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commande (2504a à 2504k) étant prévu pour utiliser ladite première fonction afin de générer 2n - n - 1 dudit
premier ensemble de valeurs ; et

- un second ensemble de 2n - 2 blocs de calcul d'entrée de commande (2505a à 2505n) avec chacun desdits
blocs de calcul d'entrée de commande (2505a à 2505n) dudit second ensemble couplé à un desdits multi-
plexeurs (2501a à 2501n) dudit second ensemble, ledit second ensemble de blocs de calcul d'entrée de com-
mande (2505a à 2505n) étant prévu pour utiliser ladite seconde fonction et ladite troisième fonction afin de
générer ledit second ensemble de valeurs.

3. Interpolateur commun radial élagué non-symétrique et tétraédral élagué non-symétrique (2500) selon la revendi-
cation 2, dans lequel :

- chacun desdits multiplexeurs (2502a à 2502o) dudit premier ensemble comprend 2d entrées de multiplexeur
pour recevoir 2d desdites valeurs de données d'interpolation ;

- chacun desdits multiplexeurs (2501a à 2501n) dudit second ensemble comprend une première entrée de
multiplexeur et une seconde entrée de multiplexeur configurées pour recevoir respectivement ladite valeur
dudit premier ensemble de valeurs et ladite valeur dudit second ensemble de valeurs ; et

- chacun desdits multiplexeurs (2501a à 2501n) dudit second ensemble comprend la capacité d'utilisation de
ladite entrée dudit second ensemble d'entrées de commande pour une sélection entre une interpolation radiale
élaguée non-symétrique et une interpolation tétraédrale élaguée non-symétrique.

4. Interpolateur commun radial élagué non-symétrique et tétraédral élagué non-symétrique (2500) selon la revendi-
cation 3, dans lequel :

- 1b1, 1b2, 1b3, . . . , 1bd désignent lesdits d ensembles de bits de plus bas ordre (10b) avec une position binaire
de chaque bit desdits d ensembles de bits de plus bas ordre (10b) désignée à partir d'un bit le plus significatif
desdits bits de plus bas ordre (10b) à un bit le moins significatif desdits bits de plus bas ordre (10b) par des
valeurs correspondantes de i1, i2, i3, ... , id allant chacune, de façon correspondante, de n1 - 1 à 0, n2 - 1 à 0,
n3 - 1 à 0, ... , nd - 1 à 0 ;

- le calcul dudit second ensemble de valeurs comprend l'utilisation de g(N,i) = (v[i] ~m[i]) & N et h(N,i) = v[i] | N
pour respectivement ladite seconde fonction et ladite troisième fonction où m[i] = 2d-1 x Maski[i] + 2d-2 x Mask2
[i] + 2d-3 x Mask3 [i] + ... + 2d-d x Maskd [i], chacun des Maskj = 2k-1 pour une valeur de k choisie à partir desdits
n1, n2, n3, ... , nd et pour j allant de 1 à d, v[i] = m[i] & (2d-1 x 1b1 [i] + 2d-2 x 1b2 [i] + 2d-3 x 1b3 [i] + ... + 2d-d x
1bd [i] pour des valeurs de i allant de n-1 à 0 et où N comprend des valeurs allant de 1 à 2d ;

- le calcul de 2n - n - 1 dudit premier ensemble de valeurs comprend l'utilisation de f(N,i) = v [i] | (N & ~m[i])
pour ladite première fonction ;

- le calcul de n-1 dudit premier ensemble de valeurs comprend l'utilisation de v[i] pour lesdites valeurs de i allant
de n-2 à 0 ; et

- le calcul d'une entrée dudit premier ensemble d'entrées de commande comprend l'utilisation de v[i] pour une
desdites valeurs de i égale à n-1.

5. Interpolateur commun radial élagué non-symétrique et tétraédral élagué non-symétrique (2500) selon la revendi-
cation 4, dans lequel :

- ledit moyen d'addition (2503a à 2503o) comprend 2n - 1 additionneurs (2503a à 2503o) possédant chacun
une première entrée, une seconde entrée et une sortie ;

- 2n-1 - 1 desdits additionneurs (2503a à 2503o) possèdent chacun ladite première entrée et ladite seconde
entrée couplées à une desdites sorties de multiplexeur desdits multiplexeurs (2502a à 2502o) dudit premier
ensemble ;

- ladite première entrée de l'un desdits additionneurs (2503a à 2503o) comprend une configuration pour recevoir
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une desdites valeurs de données d'interpolation sélectionnées à l'aide de d ensembles de bits de plus haut
ordre (10a) partitionnés à partir desdits d ensembles de bits et possédant ladite seconde entrée couplée à
une desdites sorties de multiplexeur desdits multiplexeurs (2501a à 2501n) dudit second ensemble ; et

- 2n - (2n-1 - 1) desdits additionneurs (2503a à 2503o) possèdent chacun ladite première entrée et ladite seconde
entrée couplées à ladite sortie d'un autre desdits additionneurs (2503a à 2503o).

6. Interpolateur commun radial élagué non-symétrique et tétraédral élagué non-symétrique (2500) selon la revendi-
cation 5, dans lequel :

- chacune desdites valeurs de données d'interpolation comprend D composante de valeur de données
d'interpolation ; et

- chacune desdites D composante de valeur de données d'interpolation correspond à une dimension d'un es-
pace de couleur de sortie et chacune desdites d composante desdites valeurs de données d'entrées (10)
correspond à une dimension d'un espace de couleur d'entrée.

7. Interpolateur commun radial élagué non-symétrique et tétraédral élagué non-symétrique (2500) selon la revendi-
cation 6, dans lequel :

- un dispositif d'impression comprend ledit interpolateur commun radial élagué non-symétrique et tétraédral
élagué non-symétrique (2500) pour effectuer une conversion d'espace de couleur.

8. Interpolateur commun radial élagué non-symétrique et tétraédral élagué non-symétrique (2500) selon la revendi-
cation 7, dans lequel :

- D est égal à 3, d est égal à 3 et n est égal à 4, ledit espace de couleur de sortie comprenant un espace de
couleur sélectionné dans le groupe comprenant un espace de couleur RGB, Lab, XYZ, HSV, Luv, HLS et CMY
et ledit espace de couleur d'entrée comprenant un espace de couleur sélectionné dans le groupe comprenant
un espace de couleur RGB, Lab, XYZ, HSV, Luv, HLS et CMY.

9. Interpolateur commun radial élagué non-symétrique et tétraédral élagué non-symétrique (2500) selon la revendi-
cation 7, dans lequel :

- D est égal à 4, d est égal à 3 et n est égal à 4, ledit espace de couleur de sortie comprenant un espace de
couleur sélectionné dans le groupe comprenant un espace de couleur CMYK et ledit espace de couleur d'en-
trée comprenant un espace de couleur sélectionné dans le groupe comprenant un espace de couleur RGB,
Lab, XYZ, HSV, Luv, HLS et CMY.

10. Interpolateur commun radial élagué non-symétrique et tétraédral élagué non-symétrique (2500) pour l'interpolation
entre des valeurs de données d'interpolation utilisant des valeurs de données d'entrée (10) possédant chacune
trois composantes pour générer des valeurs de données de sortie (11), lesdites composantes étant représentées
par trois ensembles de bits partitionnés chacun pour former trois ensembles de bits de plus bas ordre (10b),
possédant chacun respectivement n1, n2, n3 desdits bits et trois ensembles de bits de plus haut ordre (10a), ledit
interpolateur commun radial élagué non-symétrique et tétraédral élagué non-symétrique (2500) comprenant :

- un premier multiplexeur (2502o) possédant une première sortie de multiplexeur et configuré pour recevoir une
première entrée de commande et lesdites valeurs de données d'interpolation, ledit premier multiplexeur
(2502o) étant prévu pour une sélection à partir desdites valeurs de données d'interpolation selon ladite pre-
mière entrée de commande ;

- un second multiplexeur (2502n) possédant une seconde sortie de multiplexeur et configuré pour recevoir une
seconde entrée de commande et lesdites valeurs de données d'interpolation, ledit second multiplexeur (2502n)
étant prévu pour une sélection à partir desdites valeurs de données d'interpolation selon ladite seconde entrée
de commande ;

- un troisième multiplexeur (2502m) possédant une troisième sortie de multiplexeur et configuré pour recevoir
une troisième entrée de commande et lesdites valeurs de données d'interpolation, ledit troisième multiplexeur



EP 0 923 048 B9 (W1B1)

5

10

15

20

25

30

35

40

45

50

55

32

(2502m) étant prévu pour une sélection à partir desdites valeurs de données d'interpolation selon ladite troi-
sième entrée de commande ;

- un quatrième multiplexeur (2501n) possédant une quatrième sortie de multiplexeur couplée audit second mul-
tiplexeur (2502n) pour fournir ladite seconde entrée de commande, ledit quatrième multiplexeur (2501n) étant
prévu pour une sélection à partir d'une première valeur déterminée à partir d'une première fonction et une
seconde valeur déterminée à partir d'une seconde fonction et d'une troisième fonction ;

- un cinquième multiplexeur (2501m) possédant une cinquième sortie de multiplexeur couplée audit troisième
multiplexeur (2502n) pour fournir ladite troisième entrée de commande, ledit cinquième multiplexeur (2501m)
étant prévu pour une sélection à partir d'une troisième valeur déterminée à partir de ladite première fonction
utilisant un masque binaire et un nombre binaire calculé par sélection du bit le plus significatif à partir de
chacune desdites valeurs de données d'entrée et par concaténation desdits bits les plus significatifs en une
valeur binaire et une quatrième valeur déterminée à partir de ladite seconde fonction utilisant ledit masque
binaire et ledit nombre binaire mais différente de ladite première fonction et de ladite troisième fonction utilisant
ledit nombre binaire sans ledit masque binaire ; et

- un moyen d'addition (2503g, 2503h, 2503l) couplé à la sortie dudit premier (2502o), dudit second (2502n) et
dudit troisième (2502m) multiplexeurs et configuré pour recevoir une desdites valeurs de données d'interpo-
lation déterminées à partir desdits trois ensembles de bits de plus haut ordre (10a).
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