
1                         IMAGE PROCESSING ARRANGEMENT               The
invention relates to an image processing apparatus comprising image memory
means for the storage of an input array of pixel values defining an input
image and a microprocessor operating under control of a program stored in a
program memory to systematically select pixel values of the input array to
generate successive output pixel values defining an output image, the
selection being dependent on at least one parameter value received by the
apparatus.              There are many forms and applications of image
processing arrangements, depending on the manner of systematic selection of
pixel values. Typically a group or "kernel" of two or more input pixel
values will be selected and combined to form each output pixel value. The
image may be changed in size shape or orientation, and may also be filtered
by simple interpolation or a more complex function. The parameter value
might for example be a horizontal scaling factor.              Image
processing is ideally performed by specialised hardware, but there is an
increasing demand for image processing to be performed by general purpose
microprocessors in personal computers and home entertainment systems.
Unfortunately, such processors are not optimised for the operations
required, and tend to take many seconds or even minutes to process a single
image. One reason for this is the need for pixel-by-pixel decisions as to
which input pixel values should be selected to generate each output pixel
value and what weighting coefficients to apply. Another reason for this is
the time taken to multiply input pixel values by the necessary weighting
coefficients.               In a particular area of application for the
invention, digitised images are now being published on media including
on-line data bases and optical memory discs (CD-ROM). In the display of
such images it is often desirable that the user can selectively zoom in or
out on (enlarge or reduce) a selected area of the stored image. In
particularly, such zooming requires filtering of pixel data, for example by
interpolation, in order to avoid obtrusive mosaic effects and aliasing.



2                 The Photo CD systems, described at pages 316-323 in IEEE
ICCE Digest 1991, even enables photographs taken by the individual consumer
to be digitised and stored on CD-ROM for selective retrieval and display.
The Photo CD player itself comprises essentially dedicated hardware for
display of the images with very limited capabilities for panning and
zooming different parts of an image.              In the paper "Photo CD
and CD-I - A Marriage of Great Convenience", IEEE ICCE Digest 1991 at pages
322-323, Norman Richards describes how a Compact Disc Interactive (CD-I)
player can also read and display image data from a Photo CD disc. The fact
that the CD-I player includes a general purpose microprocessor controllable
by programs which themselves are stored on the disc means that in principle
any zoom and filter function can be applied to the retrieved data before
display. However, a problem that arises in practice is the time taken by
the microprocessor to perform a generalised zoom and filtering operation
with a user defined scaling factor. The same problem applied in the
retrieval and display of images using general purpose personal computers,
for example in so- called desktop publishing.              It is an object
of the invention to provide an improved image processing apparatus in
particular to enable the provision of such apparatus using pre-existing
low-cost hardware such as the CD-I player or personal computer. Another
object of the invention is to provide a method of storing an image on a
record carrier for subsequent display by an interactive program-controlled
display apparatus and to provide a record carrier having an image stored
thereon in accordance with the method.              The invention provides
an image processing apparatus as set forth in the opening paragraph,
characterised in that the programmed microprocessor forms        means
responsive to the received parameter value for generating and storing in
the program memory at least one machine
3  code program segment, specific to the received parameter 



value, for controlling the microprocessor to systematically select pixel
values of the input image to generate a subset of pixel values of the
output image; and      - means for causing repeated execution of the
generated program segment(s) so as to generate a plurality of subsets of
pixel values accumulating to define the output image. While the arrangement
remains responsive to the received parameter value, the decision overhead
this causes can be concentrated in the once-only act of compiling the
program segment(s), and substantially eliminated from the repetitive
sequence of actions required to generate the output image.      Each subset
of output pixel values may typically comprise one pixel row of the output
image. Thus, when scaling an image of 512 pixel rows in the horizontal
direction, the per-pixel decision overhead can be reduced by a factor of
512.      Further variations and advantageous features of the invention
will be apparent to the skilled reader from a consideration of the
embodiments described below.        By way of example only, the Figures
present an embodiment in the form of an interactive multimedia application
using the Compact Disc Interactive (CD-I) player to process images stored
on optical disc.      Figure 1 is a block schematic diagram of a CD-I
player suitable for embodying an image processing arrangement in accordance
with the invention;       Figure 2 illustrates a uniform zoom filtering
operation  performed on an input image;       Figure 3 illustrates the
decomposition of the uniform zoom  operation into separate vertical and
horizontal filtering  processes;       Figure 4 is a flowchart illustrating
the operation of an  image processing arrangement embodying the present
invention; and       Figure 5 comprises schematic flowcharts illustrating
the                                          4  



elimination of decision overhead in the embodiment of Figure 4.        In
Figure 1 the Compact Disc-Interactive (CD-I) player comprises a compact
disc player module CDP to which is connected a compact disc digital audio
controller decoder CDDA and a compact disc control unit CDCU. The decoder
CDDA is connected to an audio processing unit APU which feeds two
loudspeakers LSL and LSR. The CD control unit CDCU is connected to a system
bus SB along which various digital signals are passed. Also connected to
the system bus SB are a microprocessor unit MPU, a DMA controller DMA, a
non-volatile random access memory NVRAM, a clock calendar unit C/C, a
read-only memory containing the real-time operating system CDRTOS, a
keyboard KB, a pointing device INP, and an access controller AC. The access
controller controls the reading from and writing to a random access memory
RAM which is split into two banks zero and one. The access controller is
also connected to a video decoder VD which in turn feeds a video generator
VRGB, the output of which is connected to a video display unit VDU. Also
connected to the system bus SB is an adaptive pulse code modulation decoder
ADPCM which feeds the audio processing unit APU. A description of the CD-I
base case decoder as shown in Figure 1 is given in a textbook entitled
"Compact Disc-Interactive, A Designer's Overview" edited by Philips
International and published by Kluwer Technical Books, ISBN 9020121103.
The video decoder VD in the CD-I player can read picture information which
has been transferred from a compact disc (CD-ROM) to the random access
memory RAM, which leads to the generation of appropriate video signals for
the VDU by the video generator VRGB. The Philips/Kluwer book describes how
various picture coding formats are available. In particular, a mode called
DYUV ('Delta-YUV') provides compact DPCM coding of natural colour
photographs. A further mode is proposed for use in the production versions
of CD-I, using motion compensation and Discrete Cosine Transform (DCT)
coding to achieve data            



compressions high enough for full-screen, full-motion video pictures.
Other coding modes, using a colour look-up table (CLUT) in the decoder VD,
allow coding of synthetic graphics and text images containing a limited
range of colours. For all these modes, a standard 8-bit range of levels
(0-255) is adopted for each of red, green and blue. In accordance with CCIR
recommendations, black level is defined as 16, not zero, and peak white is
defined as 235, not 255, to allow for some overshoot in the processing of
the video signals. Furthermore, Photo CD images stored as absolute Y, U, V
values, and images stored in other formats can be loaded into the RAM of
the CD-I player and converted to DYUV format for display by means of the
microprocessor and a suitable program. The program can be stored for
example in a separate CD-I section of a Photo CD disc, in a manner
transparent to the user. Even if the user does not require variable zoom
and rotation facilities, the CD-I player itself may require to perform some
horizontal or vertical expansion to correct for the difference between the
aspect ratio of the stored pixels (square) and that of the displayed pixels
(rectangular).      Figure 2 illustrates a zoom and filter operation for a
small representative array of pixels. The input image is defined by rows 0
to 4 of input pixel values numbered 0 to 6 in each row and positioned on a
square grid. The input pixel positions are represented by circles "o" at
integer pixel positions (0,0), (0,1) and so forth. Of course in practice an
image will comprise thousands of pixels, on a grid of 256 rows by 384
pixels, for example. An input pixel value is received for each circled
position and each row of pixel values is stored in memory at a series of
locations following a  row start address. The rows may be stored
sequentially, but this is not necessary as they can be addressed via a row
table giving the start address of each successive row of the image.
For the sake of this example, each pixel value occupies one
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byte (8-bit value) and represents only one component of the pixel colour.
In Photo CD, for example, luminance (Y) and chrominance (U and V) bytes are
stored on the CD-ROM, but with four times as many Y as U or V. The skilled
reader will appreciate that other component systems, notably RGB, can be
used, and that the three components can in such systems be treated
independently (taking due account of gamma correction and other
non-linearities). The description presented here will concern the
processing of one component value only, with any other components being
processed in like manner.      In Figure 2 it is assumed for the sake of
example that the user of the system has viewed the input image and now
wishes to enlarge it by 25 per cent in each dimension. Diagonal crosses "x"
indicate the output pixel positions which are required to be calculated for
such an enlargement. A series of output pixel values could be generated
merely by copying the nearest input pixel to each output pixel location. It
is well-known that simply point sampling the input image in this way
produces a poor image, however, and in the present embodiment it is desired
to include some filtering by means of linear interpolation. The general
problem for each output pixel then is to identify the four input pixel
positions surrounding the output pixel position and blend the corresponding
input pixel values in appropriate proportions. For example, the output
value for position (1.6,1.6) requires contributions from the input values
at (1,1), (1,2), (2,1) and (2,2).       Figure 3 shows how the bilinear
interpolation of four input  values to yield each output value can be
reduced to two separate  linear interpolations in the vertical and then the
horizontal  directions.       In a first operation,-rows of intermediate
pixel values "+"  are generated from pairs of input pixel values in
adjacent lines  by linear interpolation. For example an intermediate value
corresponding to position (1.6, 1.0) is interpolated from the  input values
for positions (1,1) and (2,1), and another
7 



intermediate value is generated for position (1.6, 2.0) by interpolation
between the input values for positions (1,2) and (2,2). It may be noted
that the only decision overhead per pixel in such an operation is to check
for the end of the rows, since the fractional coefficients (0.6 and 0.4 for
this row) are constant across the row, and every intermediate position "+"
is at an integer position on the input pixel grid.      Having generated a
row of intermediate pixel values for positions "+", horizontal scaling and
interpolation between pairs of intermediate values is required to generate
the output pixel values for positions "x". To generate the output value for
position (1.6, 1.6) requires interpolation between the pair of intermediate
values generated for positions (1.6, 1.0) and (1.6, 2.0).      To perform
the required arithmetic operations efficiently, these input pixel values
must be loaded from the memory to the internal registers of the
microprocessor. In the generalised zooming and filtering operation of
Figure 2, the steps conventionally performed for each output pixel value
are:       (a) calculate output pixel position in terms of input pixel
array;       (b) load required input pixel values in accordance with the
integer part of the output pixel position, if not already loaded;       (c)
combine the loaded input pixel values using  coefficients dependent on the
fractional part of the output pixel  position; and       (d) store the
resulting output pixel value.       It will be appreciated that for every
output pixel a number  of decisions are required in step (b), depending on
the number of  input pixel values that contribute to each output pixel.
Step  (c) in its turn includes a number of operations to select a
fractional coefficient by which to multiply each input value.  Even if the
microprocessor has dedicated multiplier hardware,  these selection
operations can be very time-consuming.       Listing 1, presented as an
appendix at the end of this            



description, is a 'C' language source code listing of a program to be run
by the microprocessor MPU of the CD-I player to compile quickly a machine
code program segment which when executed will generate one row of output
pixels, scaled with linear interpolation from a row of input pixel values.
A short example program segment generated for a particular set of parameter
values is presented in Listing 2. From the following description, the
skilled reader will appreciate that decisions are taken by the compiler of
Listing 1 once only, so that the machine code row filter of Listing 2,
although occupying more program memory than a conventional filter program,
can generate row upon row of filtered pixel values without further decision
overhead. The listings will be largely self-explanatory to the skilled
reader familiar with the 'C' language, and with assembly language for the
68000 series of microprocessors, as used in the CD-I player. Of course
equivalent code can be constructed for other microprocessors.     The first
section (A) of the compiler program (Listing 1) defines certain constants
which are at least parts of specific instructions for the target
microprocessor. A constant LOADTODO is a 16-bit value 1018 (Hexadecimal).
To the 68000 series microprocessor MPU, this is an instruction "move.b
(aO)+,dO" for causing a single byte, found in a memory location specified
by an address stored in internal address register a0, to be copied into
internal data register d0, with a post-increment of the address in aO. On
the assumption that the address in aO is that of an input pixel value, this
instruction can be used in the compiled row filter program to load an input
pixel value from the memory, while updating the address in register a0 to
point to the next input pixel value in the row. Constant LOADTOD1 - 1218
causes the pixel value to be loaded-to register D1 (move.b (a0)+,d1).
Similarly, constant STOREFROMDO is a 16-bit value 12C0  (hexadecimal). To
the microprocessor, this is the instruction  "move.b dO,(a1)+" causing a
single byte found in the internal  data register d0 to be copied to a
memory location specified by                                          9 



the address stored in internal address register al, with an automatic
post-increment of that stored address. Assuming that the address in
register al points to a location where it is desired to store an output
pixel value, this instruction can be used in the compiled program segment
to write an output pixel value and increment the address in register al
ready for storage of the next output pixel value. STOREFROM1 and
STOREFROMD2 perform the same function where the output pixel value to be
stored is found in register dl or d2 respectively.      The comment at B in
Listing 1 confirms that registers aO and al will be used to hold the
address of a current input and output pixel values respectively. Also five
registers a2 to a6 are used to store the base addresses of pre-stored look
up tables which will be used to perform quick multiplication of pixel
values.  To limit the number of tables, coefficients will be quantised to
units of 0.1 (tenths). Furthermore, since fractional coefficients f and
(1-f) are generally used together, and there are only seven address
registers available in total, each base address a2 to a6 refers to a pair
of tables 0.1/0.9, 0.2/0.8, 0.3/0.7, 0.4/0.6, 0.5/0.5. The 0.1 table, for
example, stores for each expected 8-bit pixel value an 8-bit value for 0.1
times that pixel value. The 0.1 table begins at location (a2) minus an
offset of 120, while the 0.9 table begins at location (a2) plus an offset
of 120.   There are not a full 256 values in each look-up table, but
because of the guard bands below black and above white there are not a full
256 expected pixel values. The pairs of tables are complementary even to
the extent that the two tables for coefficient 0.5 are not identical: any
rounding error in the first table entry is compensated in the second table
entry.       In the execution of the compiled filter program, register d2
is used to accumulate weighted pixel values.  The first words of  the
requisite machine code instructions are defined in parts C  and D in the
Listing 1. This first word must select the look-up  table (by selecting a
register a2 to a6), and nine different             10  



opcodes are required depending on whether a required fractional coefficient
is 0.1, 0.2 and so on up to 0.9. Note that the third and seventh codes are
the same (1434 hex), because the required look up table base address is in
register a4 whether the fractional coefficient is 0.3 or 0.7. The codes at
C in Listing 1 specify a byte is to be loaded (move.b) to register d2, from
an effective address to be specified in the mode "address register indirect
with index and displacement". The codes at D in Listing 1 specify a byte is
to be added (add.b) to the contents of register d2, with similar
addressing.      At E in Listing 1 a look-up table with 64 entries is
defined  for use in quantising a fractional value represented in 64ths to
one represented in tenths.       At F the function "compile filter" is
defined which responds  to the variables "outputsize", the number of output
pixel values  required, "zoomfactor", the horizontal scaling factor
required,  and "codebuff", an address in memory to where the machine code
filter can be compiled. It is assumed that "zoomfactor" is in  the range
0000 to FFFF (hex), representing a scaling factor of  zero to 256, with a
fractional precision of 8 bits. Thus for  example zoomfactor=0140(hex)
represents a scaling factor of 1.25  (25 percent expansion).        In the
compiler function, various status variables are   defined to keep track of
the register contents and so forth:   variables "samplein0" and "samplein1"
identify the input pixel   value in register d0 and dl respectively,
"inputposn" holds the   position along the line of input values with an
16-bit fractional   component; "output" is the output pixel value;
"fractional" is   the fractional part of "inputposn" truncated to 6 bits;
"intposn"   is the integer part of "inputposn"; "quantfrac" is "fraction"
quantised by tenths (0.1, 0.2, 0.3 etc.); "basereg" indicates   whether
register d0 or dl holds the left most input pixel value;   "secondreg"
indicates whether register do to dl holds the   following input pixel
value; "regusedO" and "regused1" are flags   to indicate whether the
register d0 or dl is in use.            



At G begins a "for" loop, to be executed once for every output pixel value
from 0 to "outputsize". At H the variables listed above are initialised. At
I it is checked whether the quantisation to tenths has pushed the sample
position to the next input value. The two sample values required for
interpolation correspond to input pixel positions "intposn" and "intposn"
plus one. At J it is determined whether the first required sample value is
already in a register d0 or dl, and the flags are set accordingly. At K it
is determined whether the second-value is already present.      At L, if
the first required value is not present, it must be loaded to a register.
The instruction "*codeptr++=LOADTODO" if executed causes the compiler to
write the machine code instruction "move.b (aO)+,dO". Although the compiler
has performed many decisions already, this is in fact the first instruction
in the compiled machine code filter routine of Listing 2.      At M, if the
second required value is not present it too must be loaded, but first it is
checked whether "quantfrac" is zero. If so, then the output pixel coincides
with an input value, and no interpolation is required. This is the case at
position zero in all rows of the example image (Fig. 3). Consequently, the
compiler proceeds at N to store a machine code command "move.b dO,(al)+".
After only two instructions in the compiled filter of Listing 2, the first
output pixel value will have been stored.      If interpolation between two
values is required, as for the second output value at horizontal position
0.8, for example, then at P and Q two machine code instructions are
generated, with bit fields dependent on the quantised interpolation
coefficients and on the register usage.  The first instruction is "move.b"
instruction which uses the quantised function to address a value in the
appropriate look-up table and store it in register d2. Thus for example in
line 4 of Listing 2, address register a3 is used to address the 0.2/0.8
table, and displacement T1-120 is
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used because the first input value is to be multiplied by 0.2, not 0.8.
Thus 0.2 times the first input pixel value is loaded from the look-up table
into register D2. The next instruction is an "add.b" instruction, such that
(in line 5 of Listing 2) 0.8 times the second input pixel value is added to
register d2. At R the instruction "move.b d2,(a1)+" is written to provide
for storage of the interpolated output pixel alone.      When all output
values have been dealt with, a return from subroutine instruction "rts" is
appended to the compiled program segment (line 28 of Listing 2), so that it
may be called as a subroutine. Listing 2 presents a complete compiled
filter for generating a row of eight output pixel values ("outputsize"=8),
starting from position 0 with a scaling factor of 1.25. This can be used to
generate any of the rows of output values "x" in Figure 3 from input values
which are the intermediate values "+". While lines 4 and 5 of Listing 2
have encoded within them a coefficient pair 0.2/0.8, lines 8 and 9 encode
0.4/0.6, lines 12 and 13 encode 0.6/0.4, lines 16 and 17 encode 0.8/0.2,
and line 19 encodes the straight copying of the fifth input pixel value to
form the sixth output pixel value.      While many decisions were made by
the compiler before arriving at each line of the compiled listing, it will
be noted that all decisions on a per-pixel basis have been eliminated from
the filter routine of Listing 2. It will now be illustrated how a large
speed advantage can be gained by repeated use of this. compiled filter to
generate the lines of an output image.      Figure 4 shows in flowchart
form a routine for achieving the uniform scaling by a variable factor using
the compiled filter. In fact the flow chart will be broadly similar for any
process implemented with a compiled processing function according to the
invention, with only the detail changing within the individual steps.
At 400 information is received of the locations of rows of  input pixel
values. At 401 the apparatus receives from the user  the desired scaling
factors, cropping information and so forth.
13 



At 402 a filter subroutine is compiled and the filtering can begin. At 403
a current vertical position is determined, taking into account the cropping
information and the vertical scaling factor. At 404 it is determined
whether interpolation is required to generate the intermediate row. For the
example of Figure 3 the vertical position is initially zero, since the
first intermediate row ("+") coincides with the first input row ("o"). In
such a case, the address of the first value in the relevant input row is
loaded at 406 into address register aO and the compiled filter is executed
at 408 to generate the output values by horizontal scaling and
interpolation. If vertical interpolation is required, this is performed at
410 to generate a- row of intermediate pixel values ("+").  At 412 the
address of the row of intermediate values is loaded into register a0 and
the compiled filter is again executed at 408. At 414 it is. determined if
all rows of the output image have been generated. If not, control returns
to 403 where a new vertical position is calculated and the process repeats.
Figure 5 shows schematic flowcharts COMP and FILT corresponding to the
compiling routine of step 402 (Listing 1) and the compiled row filter
routine 408 (Listing 2). The individual steps of the routines are not
identified in the flowchart for reasons of space but the step reference
letters A to R of Listing 1 are included in the flowchart COMP, to aid the
comparison. The flowchart uses the normal convention to distinguish between
simple actions, shown as rectangular boxes, and decision points, shown as
diamond (rhomboid) boxes. Thus the "if" statement at J in Listing 1
translates to a diamond box in flowchart COMP, while the "for" statement at
G in Listing 1 translates to a simple action G' to set up a loop counter
and a decision at G'' to detect the end of the "for" loop (when "output"
equals "outputsize").      As described above, the steps H-R and the test
at G'' are executed once for every output pixel value to be generated by
the compiled row filter routine FILT. The compiling process COMP
14  



therefore includes no less than ten decisions points (conditional branches
) for every pixel of the row. The flowchart FILT shows that the compiled
row filter of Listing 2 includes only a linear sequence of simple actions,
with no decision points. In the method of Figure 4 step 402 (COMP) is
performed only once for the image, while step 408 (FILT) is performed for
every row of the image to be filtered, with a decision 414 per row to
detect the last row of the image. For the whole image the number of
decisions involved is therefore ten times the number of pixels in a row
plus one times the number of rows. For a modest output image of 256 rows by
384 pixels for example, this formula gives an "overhead" of 4096 decisions
in addition to the actions necessary to generate the output image pixel
values.        By way of comparison, a conventional generic filter routine
would perform a process corresponding effectively to the step 402 (COMP)
for every row of the image, as illustrated by step 414' in broken lines in
Figure 5. This would then involve performing the same ten decisions (loop H
to G") for every single pixel of the image. To implement a variable filter
using a conventional software method would thus involve an overhead of
nearly a million decisions for the same size of image. With any typical
Microprocessor this overhead will add significantly to the time taken to
filter the image. The skilled reader will appreciate that the decision
overhead required in the novel filter implementation of Figure 4 is
comparatively negligible, and leads to a much faster filtering of images.
Moreover, when the image height and width are doubled to 512 rows by 768
pixels, the decision overhead by the conventional method will quadruple,
while that by the novel method will only double.       The invention is of
course not limited to zoom and filter operations, nor is the filtering
limited to linear interpolation. Rotations may also be effected, either
directly or as a succession of two shear operations, as is known in the
art. For such operations, the skilled reader will appreciate that the
current pixel position ("inputposition" in Listing 1)            will vary
in two dimensions, not just along a row. Many other variations will be
apparent, for example in the number of input samples being combined (kernel
size), the use of hardware multipliers instead of look-up tables and so
forth. On the other hand, the compiled filter program segment will occupy
some kilobytes of program memory while in use.      From reading the
present disclosure, other variations will be apparent to persons skilled in
the art. Such variations may involve other features which are already known
in the design, 



manufacture and use of image processing arrangements, microprocessor
display systems and component parts thereof and which may be used instead
of or in addition to features already described herein. Although claims
have been formulated in this application to particular combinations of
features, it should be understood that the scope of the disclosure of the
present application also includes any novel feature or any novel
combination of features disclosed herein either explicitly or implicitly or
any generalisation thereof, whether or not it relates to the same invention
as presently claimed in any claim and whether or not it mitigates any or
all of the same technical problems as does the present invention. The
applicants hereby give notice that new claims may be formulated to such
features and/or combinations of such features during the prosecution of the
present application or of any further application derived therefrom.
16        LISTING 1   A    #define FALSE 0       #define TRUE 1
#define LOADTODO      0x1018       #define LOADTOD1      0x1218
#define STOREFROMD0  0x12c0       #define STOREFROMD1 Ox12c1       #define
STOREFROMD2 0x12c2       #define RTS           0x4e75       #define TI
-120       #define T2   120        /* reg usage  B    a0      input
al      output       a2      0.1/0.9 tables       a3      0.2/0.8 tables 



a4      0.3/0.7 tables       a5      0.4/0.6 tables       a6      0.5/0.5
tables       */  C    unsigned short weightod2[10] =         Ox4afc,
/* illegal, should not be used */        0x1432,      /* 0.1/0.9 */
0x1433,      /* 0.2/0.8 */        0x1434,      /* 0.3/0.7 */        0x1435,
/* 0.4/0.6 */        0x1436,      /* 0.5/0.5 */        0x1435,      /*
0.4/0.6 */        0x1434,      /* 0.3/0.7 */        0x1433,      /* 0.2/0.8
*/        0x1432,      /* 0.1/0.9 */      } ; D    unsigned short
addweighttod2[10]  =         Ox4afc,      /* illegal */        0xd432,
/* 0.1/0.9 */        0xd433,      /* 0.2/0.8 */        0xd434,      /*
0.3/0.7 */        0xd435,      /* 0.4/0.6 */        0xd436,      /* 0.5/0.5
*/        0xd435,      /* 0.4/0.6 */        0xd434,      /* 0.3/0.7 */
0xd433,      /* 0.2/0.8 */        0xd432,      /* 0.1/0.9 */     } ;
17  E int filtquantisation[64] =      {        0,0,0,0,  



2,2,2,2,2,2,        3,3,3,3,3,3,        4,4,4,4,4,4,4,        5,5,5,5,5,5,
6,6,6,6,6,6,6,        7,7,7,7,7,7,        8,8,8,8,8,8,
9,9,9,9,9,9,9,        10,10      } ;       int sampleinO - -1, sampleinl =
-1;  F    compilefilter(outputsize, zoomfactor, codebuff)      int
outputsize, zoomfactor ;      unsigned short *codebuff;         int
inputposn = 0        int output ;        unsigned short *codeptr = codebuff
;        int inversezoomfactor = Ox100OO0O / zoomfactor ;  G      for
(output  = 0  ; output < outputsize ; output++)  H        int fraction =
(inputpoan >> 10) & Ox3f ;           int intposn - inputposn >> 16 ;
int quantfrac = filt quantisation[fraction] ;           int basereg = -1,
secondreg - -1 ;           int reqused0 = FALSE, regusedl - FALSE ;
if (quantfrac = 10)              /* nearest position is next sample */
quantfrac = 0;             intposn ++   J        /* find whether first
input value is already in a reg */            if (sampleinO    intposn)
basereg =  0 ;    /* easy - its already in reg d0 */             regusedO -
TRUE            else if (sampleinl =  intposn)              basereg - 1;
/* its already in d1 */ 



regused1 = TRUE;                                          18  K    /* and
the second value? */       if (quantfrac)         if (samplein0 -
intposn+1)           secondreg = 0          regused0 - TRUE ;         else
if (sampleinl - intposn+l)           secondreg = 1 ;          regusedl =
TRUE ;        /* we've found any values already there. Any need loading? */
L    if (basereg = -1)         if (regusedO =  FALSE)           /* load to
dO */           *codeptr++ = LOADTODO ;          sampleinO = intposn ;
regused0 =   TRUE;          basereg = 0 ;         else        {          /*
load to d1 */           *codeptr++ = LOADTOD1          sampleinl = intposn
regusedl =  TRUE 



basereg = 1 ;                                           19  M    if
(quantfrac)         if (secondreg- 1)           if (regusedO - FALSE)
/* load to dO */             *codeptr++ = LOADTODO ;            sampleinO =
intposn+l ;            regusedO = TRUE            secondreg  = 0 ;
else             /* load to dl *1             *codeptr++ =  LOADTOD1 ;
samplein1 =   intposn+1 ;            secondreg =  1 ;         /* we have
all required values in registers. Do it */  N    if (quantfrac =0)
*codeptr++ - basereg =  0 ? STOREFROMD0 : STOREFROMD1      else  P      /*
generate move.b  tl/t2(ax,dy),d2 */         *codeptr++ -
weighttod2[quantfrac] ;        *codeptr++ - (basereg <<12) + ((quantfrac  5
? T1 : T2) +        Oxff) ; 



Q      /* generate add.b  tl/t2(ax,dy),d2 */          *codeptr++ -
addweighttod2[quantfrac]         *codeptr++ = (secondreg <<12) +
((quantfrac  5 ? T2 : T1) &         Oxff) ;  R      *codeptr++ -
STOREFROMD2        inputposn += inversezoomfactor      *codeptr++ = RTS;
20  LISTING 2 (COMPILED FILTER)  1018         move.b (aO)+,dO 12C0
move.b dO, (al)+ 1218         move.b (aO)+,dl 14330088     move.b
-120(a3,dO.w),d2 D4331078     add.b 120(a3,dl.w),d2 12C2         move.b d2,
(al)+ 1018         move.b (aO)+,dO 14351088     move.b -120(a5,dl.w),d2
D4350078     add.b 120(a5,d0.w),d2 12C2         move.b d2, (al)+ 1218
move.b (aO)+,d1 14350078     move.b 120(a5,dO.w),d2 D4351088     add.b
-120(a5,d1.w),d2 12C2         move.b d2,(a1)+ 1018         move.b (aO)+,dO
14331078     move.b 120(a3,d1.w),d2 D4330088     add.b -120(a3,dO.w),d2
12C2         move.b d2,(al)+ 12C0         move.b dO,(al)+ 1218
move.b (aO)+,dl 14330088     move.b -120(a3,dO.w),d2 D4331078     add.b
120(a3,dl.w),d2 



12C2         move.b d2, (a1)+ 1018         move.b (aO)+,dO 14351088
move.b -120(a5,dl.w),d2 D4350078     add.b 120(a5,dO.w),d2 12C2
move.b d2, (al)+ 4E75         rts                       21  THE CLAIMS   1.
An image processing apparatus comprising a image memory means for the
storage of an input array of pixel values defining an input image and a
microprocessor operating under control of a program stored in a program
memory to systematically select pixel values of the input array to generate
successive output pixel values defining an output image, the selection
being dependent on at least one parameter value received by the apparatus,
characterised in that the programmed microprocessor forms - means
responsive to the received parameter value for generating and storing in
the   program memory at least one machine code program segment, specific to
the   received parameter value, for controlling the microprocessor to
systematically select   pixel values of the input image to generate a
subset of pixel values of the output   image; and - means for causing
repeated execution of the generated program segment(s) so as   to generate
a plurality of subsets of pixel values accumulating to define the output
image. 2.   An apparatus as claimed in Claim 1 wherein each subset of
output pixels comprises one pixel row of the output image. 3.   An
apparatus as claimed in Claim 2 wherein the at least one parameter value
comprises a horizontal scaling factor relating the pixel positions of each
generated row of output pixel values to the positions of a corresponding
row of input pixels. 4.   An apparatus as claimed in Claim 3, wherein a
further received parameter is a vertical scaling factor, the apparatus
further comprising means for calculating before each execution of the
generated program segment an incremented vertical pixel position in
accordance with the vertical scaling factor and:       (i)  if the
incremented vertical pixel position coincides with a pixel row of the
input image using said pixel row as the input row for the execution of the 



generated program segment or       (ii)  if the incremented vertical pixel
position falls between two pixels rows of              the input image
generating an interpolated row of pixels values for use as              the
input row for the execution of the generated program segment.
22  5.    A method of storing an image on a record carrier for subsequent
display by an interactive program-controlled display apparatus. the method
comprising:       -     digitising the image to generate an array of pixel
values and storing the array on the record carrier; and       -
generating and storing on the same record carrier program information for
configuring the display apparatus to operate as an image processing
apparatus as claimed in any of the claims 1 to 4, thereby to provide for
display of the image in a form processed in accordance with at least one
parameter value defined by user interaction.    


