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memory of this size handles one color channel of the image,
and thus, three memories of this size are present in each
filter/interpolator module 20. By using parallel processing
of all of the colors of the image, it is possible to address
and control the video random access memory 22 for all three
colors via a single set of address lines 43 and control lines
45 from the bit/slice processor 32, By using the eight bit
address line 43, 256 addresses are available so that each of
the 256 rows is addressed at once in coordination with a row
address signal on control lines 45. Each of the 256 column
addresses in each row can then be addressed by line 43 in
coordination with a column address signal on control line 45.
Memory 22 includes an output register 48 connected to a
serial output port controlled by a signal from clock 49.

Data can be transferred to register 48 by use of the address
lines 43 and a read enable signal on control lines 45. With
the data present in output register 48, each of the 256
pixels represented thereby may be clocked out of the serial
port as a single 12 bit wide word,

The 12 bits for each color are fed to the separate
register means 24, Likewise, a separate
multiplier/accﬁmulator 28 is used for each color and receives
as an input the 12 bit bus 52 from register means 24.
Multiplier/accumulators 28 also receive as an input the
weighting factors via a bus 54 from the weighting factor
generator 26. Parallel prodessing of the three colors allows
a single weighting factor generator to be used for each of
the modules 20 because the spatial relationship betﬁéen the
pixels being used and interpolated is always identical for
each of the three colors. :\"_:

The weighting factor generator 26 functions in’fesﬁoﬁée
to the digitization interval stored in register 66, the
filtering selection stored in register 74 and further clock
pulses from the bit/slice processor 32 via lines 72. The
digitization interval is repetitively added in the adder 68
with the previous sum stored in register 70 and the result

becomes the new sum stored in register 70 for use as an
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address by memory‘62. Accumulator 68 has a 12 bit result and
register 70 receives 10 of those bits which are also passed
on to memory 62. An additional two bits are added from
processor 32 for addressing memory 62. These are the two
least significant bits which cause a set of four weigﬁting
factors to be read from memory 62 once that set of four is
identified by the 10 bits from accumulator 68 and the one or
more bits of filtering selection from register 74. 1In
reference to Fig. 3, once the position x of a point being
interpolated is determined by the accumulator 68, then all
four weighting factors, corresponding to the four adjacent
known pixels, are fixed and they may be handled as a group.
The extra two bits from accumulator 68 are fed via the
overflow line 76 to control module 78, which controls the
updating of pixel data within the four registers 24 and the
order in which that data is fed to the multiplier/accumulator
28. Referring to Fig. 3, as the point x advances from left
to right with the interpolation of each sequential new pixel,
the point x eventually passes PJ and so on. Each passing
of a pixel point represents one overflow digit for control
module 78 . Thereby, when x passes one of the known pixels,
control module 78 causes the old and now unused pixel, P in
the example above, to be removed and a new pixel, P (not
shown) to be stored in its place. This new pixel is always
the next pixel available from memory 22 regardless of whether
horizontal or vertical interpolation is being performed.
When an image is being shrunk through interpolation, the new
digitization interval is always larger than the old interval
and thus the overflow bits always contain a count of one or
more, signalling for the replacement of one or more ﬁikélé in
the registers 24, ' -
Fﬁrther, control module 78 controls the .order in which
the data is féd from registers 24 to multiplier/accumulator
28, As in Fig. 3, for each point x, the weighting factors
for each of the four known pixels are read from memory 62 in
the order WJ through WJ+3. Control module 78 makes sure that

the corresponding pixel values are always read from registers
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24 in the order PJ, through PJ+3. To accomplish this, module
78 simply keeps a running count of the overflow signals which
count represents the pixel P_ as the first pixel to be fed to
multiplier/accumulator 28 and also the first to be replaced
on the next overflow sigmnal. '

The output of multiplier/accumulator 28, after rounding
by PAL 30, may be either restored in the memory 22 via buffer
36 or outputted from the module 20. By restoring the data;
module 20 may be used to perform multiple
interpolation/filtering passes on the data first inputtéd.

In the preferred embodiment each module 20 is programmable to
handle four passes of the pixel data 'through the
multiplier/accumulator 28. After each of the first three
passes, the data is restored in memory 22. After the fourth
pass, the data is outputted from module 20. Any of the
passes may include one of the selectable filtering effects as
determined by the sets of weighting factors stored in memory
62. The selection of weighting factors may be changed from
one pass to the next.

It is possible to use the present invention and the
embodiment shown in the module 20 to perform either
horizontal or vertical interpolation in each of the four
passes or a combination of both horizontal and vertical
interpoiation. To achieve this the data is stored in memory
22 in the ofder in which it will be used by
multipligr/interpolator 28. TFor horizontal interpolation,
lines of pixel data are stored in rows of memory 22. Thusly
the line data may be transferred in row form to outpﬁt
register 48 from where the pixel data is. sequent1ally fed.

In order to perform vertical interpolation the data p01nts
used are vertically adjacent pixel data points from four

adjaceﬂt lines of the original pixel data. Thus vertical
interpolation.fequires that four different pixel lines of

data be simultaneously accessed. In order to perform this
and use the circuitry previously described to maintain the
same calculating speed, the data points which are intended

for vertical interpolation are stored in memory 22 in the
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order in which they will be used. This is accomplished under
the control of bit-slice processor 32, Thus the first pixel
from the first line is stored first; the first pixel from the
second line is stored next; the first pixel from the third
line is stored next; and the first pixel from the fourth line
is stored next. The fifth pixel position receives the second
pixel from the first line followed by the second pixels from
the second, third and fourth lines, respectively. This
arrangement allows the multiplier/accumulator 28 to serially
compute one or more vertically interpolated lines of data.
The number of lines produced depends upon the amplification
factor controlled by the digitization interval in register
66. Pixel lines vertically interpolated in this manner may
be either restored in memory 22 or transferred to the next
filtering module or out of the system. Selectable filtering
effects are likewise available for vertical interpolation.
Each module 20 has the capability of performing four passes
of vertical interpolation through the use of memory means 22
each of which is capable of storing 16 horizontal lines of
pixel data. As mentioned, the highest order interpolation is
always performed first to create room in memory for the
results of lower order interpolations.

To perform a combination of horizontal and vertical
interpolation, data is restored in memory 22 in the order in
which it will be used for the next sequentially interpolating
pass. Thus the memory location of data being stored is
carefully controlled regardless of the source of the data,

In a typical magnification process, intgrpolatiéﬁ
produces both new pixels on existing pixel lines along with
entirely new lines of pixels. Some of the pixels onigﬁé.ﬂew
lines are interpolated from known pixels while many ﬁdre-aré
typically interpolated from newly interpolated pixels. To
accomplish this, module 20 may be programmed to first perform
horizontal interpolation and store the new line back in
memory 22. Once four lines are produced in this manner,
horizontal interpolation may be used to produce intermediate

lines of pixels. Module 20 is typically programmed to first
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perform the highest order interpolation possible to insure

[

memory space for lower order interpolation. Further, it is
intended that the horizontal and vertical interpolation used
in magnification of an image be spread over several passes
and several modules which received coordinated programming
for this purpose. This significantly improves processing
speed and flexibility.
SUMMARY

Through the use of the apparatus described herein the
filtering and resampling processes may be combined into a
single processing step. This combination is independently
adjustable in the aspects of resampling interval and
filtering effect providing a very powerful processing
apparatus. For example, the combination allows the gradual
magnification or demagnification of an image with appropriate
filtering combined with each step. This minimizes
information loss in the processing even with a large change
in image size. The independent adjustment further renders
the apparatus flexible to change for handling images having
different formats. The combination of a multiplicity of
filter/interpolator modules provides the most flexible image
processing apparatus. Not only, may any calculated effect be
easily achieved, but also experimental results may be
compared by processing the same image data with the same
processing steps but having a different order of application
to the image data. Thus, different end results may be
achieved by the order of filtering and interpolation o
performed. .

The embodiment of the present invention describeqfabove
is intended to be taken in an illustrative and not a iiﬁi;ing
sense., _Various modifications and changes to the described .

embodiment may.be made by persons skilled in the art without

in

departing from the intended scope of the present invention as
defined in the appended claims. For example, the weighting
factor data may be calculated to represent a linear '
combination of this modified cubic convolution interpolation

and other interpolation functions, for the purpose of
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obtaining the most desired result as the practical case may

dictate.
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WHAT IS CLAIMED IS:
1, An apparatus for processing a set of digital data,
comprising:
computational circuit means for implementing a
5 modified cubic convolution interpolation for simultanebusly
resampling and filtering the set of digital data.

2. The apparatus of claim 1, wherein the set of
digital data represents pixel data for a two dimensionél
image, and further wherein the computational means is adapted

10 to implement the modified cubic convolution interpolatiéh in
each of the two dimensioms.

3. The apparatus of claim 2, further comprising:

memory means for storing the pixel data;
means for coupling the pixel daté from the memory
15 means to the computational means;
means for outputting and for storing in the memory
means, filtered and resampled pixel data from the
computational means. 7

4, The apparatus of claim 3, further comprising

20 bit-slice processor means for programmébly controlling the
memory means, the computational means and the means for
outputting and for storing.

LT The apparatus of claim 4, wherein the computational
means includes weighting factor generator means and means for

25 multiplying the pixel data from the memory means by weighting
factors for computing filtered and resampled pixel data
values, the weighting factor generator means including means
for providing a selectable filtering effect on the piiél data
including means for using alternate weighting factors.-

30 6. The apparatus of claim 5, wherein the ﬁemc;}fﬁeaﬁs
includes parallel memories and the computational means -
includes parallel means for multiplying for separately,
simultaneously and identically processing pixel data
representing different colors of the same image in response

35 to a single bit-slice processor means and a single weighting
factor generator means.

ALl
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7. The apparatus of claim 5, wherein the means for
multiplying includes a multiplier/accumulator means, and
further wherein the computational means further includes
register means for receiving from the memory means, pixel
data which is to be used by the multiplier/accumulatof means
and which represents a plurality of pixels, the register
means being coupled to the multiplier/accumulator means for
providing the pixel data thereto.

8. The apparatus of claim 7, wherein the weighting
factor generator means includes a digitization interval
generator means and accummulator means for calculating the
position of each sequential, filtered and resampled pixel
with respect to the pixels represented by pixel data in the
register means, and further wherein the accummulator means
includes overflow means coupled to the register means for
controlling which pixel data is present in the register means
for use by the multiplier/accumulator means.

9. The apparatus of claim 8, wherein the weighting
factor generator means includes a weighting factor memory
having addressing means coupled to the accummulator means and
to the bit-slice processor means.

10, An apparatus for processing two-dimensional image
pixel data, comprising:

input means for receiving image pixel data in a
line-by-line format;

.a multiplicity of sﬁbstantially identical, serially
coupled, programmable processing modules for simultaneously
filtering and resampling image pixel data coupled '
therethrough from the input means; _ff A -

means for separately programming each modulé»fo,.
perform horizontal and/or vertical filtering and resampling'
of the image pixel data as coupled serially through the
modules; and

output means for further transmitting the processed

image pixel data.
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11, The apparatus of claim 10, wherein each processing
module includes memory means for storing image pixel data,
computational means for implementing a cubic convolution
function for simultaneously filtering and resampling the

5 image pixel data, means for outputting from each module and
for storing in the respective memory means, image pixel data
from the respective computational means and bit-slice
processor means for controlling the respective memory means
and computational means.

o™
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