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zoom feature incorporating the present inven- tion. The present invention
relates to circuitry which  FIGURE 2 is a block diagram of field memory
allows an active video image to be magnified by a   circuitry suitable for
use in the video signal stepwise continuous set of factors to produce a   5
processing circuitry shown in FIGURE 1. room effect.
FIGURE 3 is a timing diagram useful for de- The recent progress in digital
video signal pro-  scribing the operation of the field memory cessing has
led to the proposal of several televi-  shown in FIGURE 2. sion picture
zoom systems. In one of these sys-     FIGURE 4 is a block diagram of a
read address tems, set forth in U.S. Patent No. US-A-4,528,585,  10
generator suitable for use in the video signal a portion of a video image
may be magnified by a    processing circuitry shown in FIGURE 1. factor of
2, 4 or 8 and displayed as an inset in the  FIGURE 5 is a block diagram  of
a lumi- unmagnified video image. A second system, set
nance/chrominance separator suitable for use in forth in U.S. Patent No.
US-A-4,302,776, allows for  the video signal processing circuitry shown in
stepwise continuous magnification factors to pro-  15  FIGURE 1. duce a
zoom effect but does not magnify the         FIGURE 6 is a block diagram of
luminance image in real time; only stored, frozen images may  signal
vertical interpolation circuitry suitable for be magnified. In addition,
this second system inter-  use in the video signal processing circuitry
polates five consecutive samples to obtain each     shown in FIGURE 1.
sample of the magnified image. Interpolating this  20  FIGURE 7 is a block
diagram of luminance large a number of samples may undesirably re-
signal horizontal interpolation circuitry suitable duce the apparent
resolution of the reproduced      for use in the video signal processing
circuitry image.                                             shown in
FIGURE 1. US-A-4381547 discloses an arrangement for        FIGURE 8 is a
block diagram of chrominance geometrically deforming an original picture by
an   25    signal vertical interpolation circuitry suitable for arithmetic
process of changing picture element      use in the video signal processing
circuitry pitches among data of the original picture.         shown in
FIGURE 1. The present invention provides circuitry for de-  FIGURE 9 is a
block diagram of color difference veloping a magnified video image,
including a       signal horizontal interpolation circuitry suitable source
of clock signal having a frequency substan-  30    for use in the video
signal processing circuitry tially equal to a predetermined frequency;
memory   shown in FIGURE 1. means for providing samples representing
succes-    FIGURES 10A through 10D are timing diagrams sive portions of an
unmagnified image at instants   useful for explaining the function of the
zoom determined by a memory output control signal;       feature
incorporated in the video signal process- characterized by control signal
generating means  35    ing circuitry shown in FIGURE 1. including a source
of digital value N; modulo M      In the drawings, broad arrows represent
busses digital values accumulating means, coupled to said  for conveying
multiple-bit parallel digital signals. source of digital value N and
responsive to said  Une arrows represent connections for conveying clock
signal for adding said digital value N to a  analog signals or single-bit
digital signals. Depend- stored digital value and for storing the resultant
40  ing on the processing speed of the devices used, sum, modulo M, as said
stored digital value; and  compensating delays may be required in certain
of memory output control signal generating means,   the signal paths. One
skilled in the art of digital coupled to said modulo M digital value
accumulat-  video signal processing circuit design would know ing means and
responsive to the value of the sum  where such delays would be needed in a
particular developed thereby and to said clock signal for  45  system.
generating said memory output control signal; and    The video signal
processing circuitry shown in sample processing means, coupled to said mem-
FIGURE 1 includes apparatus to perform a picture ory means and responsive
to the samples provided  zoom function which allows video images to be
thereby for interpolating said samples to generate  magnified in real time
using 128 magnification fac- samples representing said magnified video
image   50  tors between one-to-one and two-to-one. Using a at instants
determined by said clock signal;      magnification factor of two-to-one, a
portion of the wherein said magnified image is increased in size  original
image occupying one-quarter of the display along a linear dimension by a
factor of M/N relative  screen may be enlarged to occupy the entire to said
unmagnified image, where N and M are      screen. positive integers.
55      The following is a brief description of the var- In the
accompanying drawings:                 ious structural elements shown in
FIGURE 1. This FIGURE 1 is a block diagram showing video      is followed
by a more detailed description which signal processing circuitry which
includes a    refers to FIGURES 2-10. 2  
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composite video signals  ator circuitry 12. The circuitry 12, which may be
of provided by an analog-to-digital converter (ADC) 14  conventional
design, processes the composite vid- are loaded into data storage elements
of a field  eo signals to produce a horizontal synchronization memory 16
that are addressed by write address     signal, HS, and a vertical
synchronization signal, values provided by a write address generator 20.
5   VS. In addition, the sync separator and clock gen- The memory 16
provides previously stored, sam-      erator 12 includes circuitry (not
shown) which de- pled data composite video signals from data stor-  lays
the signal VS by 128 horizontal line periods to age elements addressed by
read address values     produce a delayed vertical synchronization signal,
provided by a read address generator 22. The read  DVS. The vertical
deflection circuitry (not shown) of address generator 22 is controlled by a
vertical  10  the video signal processing system which includes position
signal VPOS provided by viewer controls  this circuitry, is responsive to
the signal DVS for 24. The signal VPOS conditions the memory 16 to
producing the magnified display. The circuitry 12 provide only those lines
of samples that lie within  may also include a conventional burst-locked
the portion of the image that is to be magnified.  phase locked loop (not
shown) which develops a The sampled data composite video signal provided
15  clock signal, CK, having a frequency [err] which is by  the  memory  16
is  applied  to  lumi-      four times the frequency, [err] of the color
subcarrier nance/chrominance separation circuitry 27. The cir-  component
of the composite video signal. cuitry 27 separates a luminance signal
component     The ADC 14, which may, for example, be a Y, and a combed
chrominance signal component,     conventional flash-type ADC, samples and
digitizes C, from the sampled data composite video signal.  20  the
composite video signals applied to its input The luminance signal, Y, is
expanded in the vertical  port at instants determined by the [err] clock
signal direction by luminance signal vertical interpolation  CK. The signal
VIN provided by the ADC 14 is circuitry 28 using vertical interpolation
factors ZRL.  applied to the input port of the field memory 16. The factors
ZRL are developed by the read ad-        Externally, the field memory 16
appears to be dress generator 22 from a magnification factor or  25  a
dual-port memory able to accept and provide zoom ratio, ZR, provided via
the viewer controls 24.  continuous streams of eight-bit pixel values at a
[err] The vertically expanded luminance signal, provided  rate. The address
values applied to the address by the interpolation circuitry 28, is applied
to hang-  input bus, ADDRESSA, of the memory 16 may be ing dot correction
circuitry 29, the output signal, Y,  time division multiplexed to store a
first stream of of which is expanded in the horizontal direction by   30
pixel data at one sequence of address values and luminance signal
horizontal interpolation circuitry  simultaneously retrieve a second stream
of pixel 30. The circuitry 30 interpolates only those sam-  data using
another sequence of address values. pies occurring after a specified
horizontal position,  The field memory 16 is responsive to control sig-
HPOS, provided via the viewer controls 24, to ex-  nals provided by memory
sequencing circuitry 18 pand the lines of samples consistent with the zoom
35  as set forth below. ratio ZR.
FIGURE 2 is a block diagram of circuitry suit- The combed chrominance
signal C provided       able for use as the field memory 16. This is a by
the separation circuitry 27 is expanded vertically  pipelined and
interleaved memory system. Pixel by chrominance signal vertical
interpolation circuit-  data values (i.e., samples provided by the ADC 14)
ry 32, which also separates the chrominance signal  40  are stored either
in memory cell array 218 or into two quadrature phase related color
difference  memory cell array 220. Each of the memory cell signals, for
example, I and Q. The vertically ex-  arrays 218 and 220 may include, for
example, four panded color difference signals, I' and Q', provided  32K x 8
bit random access memory (RAM) in- by the circuitry 32 are expanded
horizontally by  tegrated circuits (IC's) such as the HM65256AP color
difference signal horizontal interpolation cir-  45  manufactured by
Hitachi. The memory IC's in each cuitry 34. The signals I" and Q" provided
by the  of the memory cell arrays 218 and 220 are config- circuitry 34 and
the signal Y" provided by the    ured to have mutually interconnected
address and luminance signal horizontal interpolation circuitry  control
input terminals but separate data input ter- 30 may, for example, be
applied to conventional   minals. The combination of the 4 IC's appears as
a color difference and luminance signal processing   50   memory cell array
having 32,768 addressable circuitry (not shown) to produce a magnified
image.  blocks where each block includes four data storage The following is
a more detailed description of  elements for holding, respectively, four
eight-bit the video signal processing circuitry shown in FIG-  pixel
values. In order to maintain continuous input URE 1. A source of composite
video signal 10,     and output data streams, the data read and data which
may, for example, be the tuner, IF amplifier  55  write operations to the
memory cell arrays 218 and and video detector of a conventional color
televi-  220 are interleaved; while data is being written into sion
receiver, provides a composite video signal to  the memory cell array 218
data is being read from the ADC 14 and to sync separator and clock gener-
the memory cell array 220 and vice-versa. In gen- 
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interleaving is achieved by dividing the  data applied to the bus DATAA
into the buffer field memory into two sections, A and B. The     register
230. Three and one-half clock cycles after address and control signals
applied to section B  time To, the memory cell array 218 is disabled by are
delayed by four periods of the clock signal CK  bringing the signal [err]
high and the memory read relative to the corresponding address and control
5   operation is complete. signals applied to section A. Consequently,
while a  The address signal ADDRESSB, chip enable read operation, using a
first address value is in  signal [err] output enable signal [err] and
output progress in section B of the memory, a write op-  buffer load signal
[err] are generated by delaying eration using a second address value may be
in   the corresponding signals ADDRESSA, [err] progress in section A. Four
clock periods later, a   10  and [err] by four periods of the clock signal
CK in write operation using a third address value is per-  the respective
delay elements 222, 228, 226 and formed on section A of the memory while
the read  234. Consequently, the memory read operation operation using the
second address value is per-  which read four pixel values from memory cell
formed on section B of the memory. In the system  array 218 between times
[err] and [err] is repeated on shown in FIGURE 2, the input buffer 212,
memory  15  the memory cell array 220 between times [err] and cell array
218 and output buffer 230 are in section  T2. At time T2, the eight pixel
values, having the A and the input buffer 214, memory cell array 220
address ADR1, four from the memory cell array and output buffer 232 are in
section B.          218 and four from the memory cell array 220, are The
structure and operation of the field mem-  in the respective buffer
registers 230 and 232. At ory circuitry shown in FIGURE 2 is described
using   20  time T2, the signal LDO is pulsed by the circuitry the timing
diagrams shown in FIGURE 3, which     18 to transfer these eight pixel
values, in parallel, to illustrate the operation of the memory sequencing
the shift register 236. The shift register 236 pro- circuitry 18. In the
example shown in FIGURE 3,  vides these pixel values sequentially for eight
the memory cell arrays 218 and 220 contain pixel  periods of the signal CK
following time T2. data in blocks having addresses ADR1 and   25        A
memory write operation using memory cell ADR1 + 1. Four pixel values of a
block of data to be  array 218 begins at time [err]. The eighth input pixel
written into the memory cell arrays 218 and 220  value is shifted into the
input shift register 210, have been applied to the shift register 210 at
time  immediately before time [err] At time [err] the mem- To, and the
buffer registers 230 and 232 contain a  ory sequencing circuitry 18 pulses
the signal LDI to block of pixel data read from the memory cell  30
transfer the eight pixel values held in the shift arrays 218 and 220 using
the address value ADR1-  register 210 into the buffer registers 212 and
214. 1.                                               At time [err] the
memory sequencing circuitry be- The first operation is a memory read using
gins to write the four pixel values held in the address ADR1. At time To,
the memory sequencing  register 212 into the memory cell array 218. The
circuitry 18 pulses the signal LDO to transfer the   35  address value
ADR2, to be used to store these four block of pixel data held in the buffer
registers 230  pixel values, is applied to the address input port and 232,
in parallel, into the output shift register  ADDRESSA of the field memory
16 at line [err]. Also 236. These pixel values are provided sequentially
at time [err] the memory sequencing circuitry 18 by the shift register 236
synchronous with the    changes the input buffer enable signal [err] and
negative going edges of eight successive pulses of  40  the write enable
signal [err] to be logic zero. the signal CK. Also at time To, the address
value  These signals respectively gate the values held in ADR1 is applied
to the ADDRESSA input port of    the input buffer 212 onto the bus DATAA
and the field memory 16. One-half of one period of the  enable the memory
cell array 218 to load the clock signal CK following time To, the chip
enable  values on the bus DATAA into the addressed block. signal [err]
provided by the memory sequencing   45  One-half of one period of the
signal CK after time circuitry 18, is brought low, enabling the memory
[err] the signal [err] is changed to logic zero by the cell array 218. One
clock period after time To, the  circuitry 18, enabling the memory cell
array 218 signal [err] provided by the circuitry 18 is brought  and, so,
enabling the write operation to occur. At low, gating the input port of the
buffer register 230  the time [err] the four pixel values held in the onto
the bus DATAA. At a time one and one-half  50  input buffer register 212
have stabilized in the periods of the signal CK after time To, the memory
block of the memory cell array 218 which has the sequencing circuitry 18
brings the output enable  address ADR2. One period of the clock signal CK
signal [err] low. This step in the memory read     after time [err] the
circuitry 18 changes the signals operation, enables the memory cell array
218 to  [err] and [err] to have values of logic one ending apply the
contents of the block of pixel data having   55  the memory write
operation. Three and one-half the address ADR1 to the bus DATAA. Three
clock   clock periods after time [err] the circuitry 18 



periods after To, the memory sequencing circuitry  changes the chip enable
signal [err] to a logic one, 18 brings the signal [err] high to latch the
pixel  ending the memory write cycle. 4    7                 EP 0 287333 B1
8 The signals [err] and [err] are generated by      positions of successive
blocks of eight pixel values delaying the corresponding signals [err] and
WEA   on a horizontal line of the video image. The com- by four periods of
the signal CK in the respective  bination of a line address value and a
pixel block delay elements 216 and 224. These signals, com-  address value
points to a particular block of pixel bined with the delayed address signal
ADDRESSB    5   storage cells in the field memory 16. and delayed chip
enable signal [err] cause the          The pixel block address signal,
PADR, and a memory write operation using the address value    line address
signal, WLADR, that is used to write ADR2 to be repeated on the memory cell
array 220   data into the field memory 16, are generated by between time T2
and time [err] During this write    the write address generator 20. The
generator 20 operation, the four pixel values held in the buffer  10   may
include, for example, two counters (not register 214 are transferred to the
block of pixel  shown). The first counter is reset by the vertical storage
cells in the memory cell array 220 that has  synchronization signal, VS,
and incremented by the the address value ADR2.
horizontal synchronization signal, HS. The count Coincident with this
second write operation us-  value provided by this first counter is the
write-line ing the memory cell array 220, a memory read   15  address
signal WLADR. The second counter is operation is performed, using the
memory cell ar-  reset by the signal HS and incremented by a signal ray
218. During the time interval between time T2  CK/8 having a frequency that
is one-eighth the and time [err], four pixel values from a block of
frequency of the signal CK. The signal CK/8 is storage cells having the
address ADR1 + 1 are read  generated by the memory sequencing circuitry 18
from the cell array 218 and loaded into the output  20  and may correspond,
for example, to the signal buffer 230. This read operation is identical to
the  LDO shown in FIGURE 3. This second counter read operation performed
between time To and       produces the pixel block address signal which is
time [err] and is not described in detail.            used both for reading
data from and writing data In the time interval between times [err] and
[err] a  into the field memory 16. memory write operation, using an address
value   25   The write-line address signal WLADR and a ADR2 +1, writes the
four pixel values, applied to  read line address signal RLADR, provided by
the the field memory 16 between times [err] and [err] into  read address
generator 22, are applied to respec- the memory cell array 218. Also
between time [err]    tive first and second input ports of a multiplexer
26. and time [err] four pixel values are read from the   The multiplexer 26
is controlled by a signal CK/4, memory cell array 220 at the address ADR1
+1   so  having a frequency that is one-fourth of the fre- and are
transferred to the output buffer register  quency of the signal CK. The
signal CK/4 is pro- 232. These memory write and memory read oper-
vided by the memory sequencing circuitry 18 and ations are performed in the
same manner as those  is shown in the timing diagrams of FIGURE 3. The
described above and are not described in detail   eight-bit signal provided
by the multiplexer 26 herein.                                       35
forms the eight MSB's of the address signal, AD- The memory sequencing
circuitry 18 is respon-  DRESSA, applied to the field memory 16. The pixel
sive to the clock signal CK to generate the signals  block address signal,
PADR, forms the seven [err]. The        LSB's of the signal ADDRESSA. In
the present circuitry 18 is reset at the beginning of each hori-
embodiment of the invention, the pixel block ad- zontal line of samples by
the horizontal synchro-   40  dress portion of the signal ADDRESSA changes
nization signal HS, provided by the sync separator  every eight periods of
the clock signal CK to ad- and clock generator circuitry 12. This ensures
that  dress successive blocks of pixel values in a hori- the first sample
in any given line is stored in the  zontal line. The line address portion
of the signal field memory 16 on a block boundary. One skilled   ADDRESSA
changes every four periods of the sig- in the art of digital signal
processing circuit design   45  nal CK, alternating between a line address
value to will be readily able to build suitable memory      be used to
write data into the memory 16 and a sequencing circuitry 18 from the
description set   line address value to be used to read data from the forth
above in reference to FIGURES 1, 2 and 3.    memory 16. Accordingly, the
memory sequencing circuitry 18 is    FIGURE 4 is a block diagram of
circuitry suit- not described in detail herein.              50  able for
use as the read address generator 22. The The address values applied to the
field mem-   generator 22 is responsive to the zoom ratio signal, ory 16
have two parts, a line address, the eight   ZR, and vertical position
signal, VPOS, provided most significant bits (MSB's), and a pixel block
via the viewer controls 24, and to the horizontal address, the seven least
significant bits (LSB's).  synchronization signal, HS, and delayed vertical



The line address values correspond to the 256   55  synchronization signal,
DVS, to provide the line lines of video samples which may be written to or
address signal RLADR used for the memory read read from the memory 16
during one field interval.  operations. The read address generator 22 also
The pixel block address values correspond to the   provides a signal ZRL
which contains the scale 5    9                 EP 0 287 333 B1
10 factors used by the vertical interpolation circuitry  are formed by
repeatedly adding 144 to the accu- 28 and 32, a recirculate signal, RECIR,
used by the  mulated value, modulo 256 and then using the
luminance/chrominance separation circuitry 27, and  relationship
illustrated by the FIGURES 10B and a chrominance signal inversion signal,
CINV, used  10C to determine which interpolation factors are to by the
chrominance signal vertical interpolation cir-   5   be used. FIGURE 10D
illustrates how the picture is cuitry 32 as set forth below.
magnified in the vertical direction when the interpo- In order to
understand the function of the cir-  lated lines of samples [err] through
Zs are displayed cuitry shown in FIGURE 4, it is helpful to first  with the
same timing as the original lines of sam- understand how successive lines
of samples of the  ples. original video image are interpolated to obtain
lines  10  Referring to FIGURE 4, the zoom ratio value, of samples
representing the magnified image. The  ZR, provided by the viewer controls
24 which in interpolation method used in this embodiment of   this
embodiment of the invention may have a value the invention divides the
space between any two   between 128 and 255, is applied to one input port
successive lines in the original image into 255   of an adder 410. The
adder 410 sums the value ZR potential interstitial line locations. The
magnification   15  with the value held by an eight-bit register 412.
factor used in this embodiment ranges from ap-    The register 412 may
include, for example, eight proximately 1 to 2, in steps of 1/256 (i.e.
from  data type flip-flops configured as a parallel-input- 256/255 to
256/128). This relatively fine granularity  parallel-output register. The
register 412 is clocked in the magnification factor is desirable to produce
by the horizontal synchronization signal, HS, to the illusion of a
continuous zoom when the mag-  20  store the eight-bit value provided by
the adder 410 nification factor is changed. The fine granularity is  once
per horizontal line period. The register 412 is more important for the
spatial correctness of the  reset by the delayed vertical synchronization
sig- entire image than for the proper interpolation of an  nal, DVS. The
adder 410 and register 412 form a individual line of samples or of an
individual sam-  modulo 256 accumulator. As set forth above, the ple. It
has been determined that the 255 potential  25  output value provided by
the accumulator is the interstitial line locations between any two succes-
position of the interpolated line from among the sive lines may be grouped
together into a smaller  256 potential horizontal line positions between
any number of locations, for the purpose of interpolat-  two successive
lines of the original image. The ing an individual line of samples without
seriously  output values of the accumulator value are illus- affecting the
performance of the system. In the   so  trated in FIGURE 10C. present
embodiment of the invention, for example,    In the example illustrated in
FIGURE 4, only the interval between two successive lines of sam-  the four
MSB's of the value provided by the regis- ples is divided into nine
potential interpolation posi-  ter 412 are used in determining the
proportions of tions.                                           the
respective lines contributing toward the interpo- FIGURES 10A through 10D
are timing dia-  35  lated values. Using only the four MSB's effectively
grams which illustrate how a line of samples is   divides the value
provided by register 412 by 16, interpolated from a pair of successive
lines to pro-  thus, the range of values available are reduced duce samples
of the magnified image. FIGURE      from 0-255 to the range 0-15. The
number repre- 10A illustrates that the interval between successive  sented
by the four MSB's is the numerator r of the lines of samples maybe divided
into 256 parts.  40  fraction r/16 which corresponds to the proportion of
FIGURE 10B shows these 256 parts grouped to-      the contribution of the
current line to the interpo- gether into nine interpolation positions.
FIGURE  lated value. 10C is an example of how interpolation is per-
The four MSB's are coupled to the four invert- formed using a factor of
256/144 (i.e.1.78).      ers 414, 416, 418 and 420 which produce the one's
The position of individual lines of samples with-  45  complement of the
value of the four MSB's. The in the interpolation zones of FIGURE 10B are
de-  one's complement is equal to (15-r) and is the termined by repeatedly
adding the value 144 to the  numerator of the fraction (15-r)/16 which
corre- value held by a modulo 256 accumulator. The first  sponds to the
proportion of the contribution of the addition produces a value of 144,
placing the first  previous line to the interpolated value. interpolated
sample in a zone where 5/8 of the line  50  The four MSB's of the value
provided by the of samples, [err] and 3/8 of the prior line of samples,
register 412 and the complemented four MSB's are Lo, are summed to develop
the interpolated line of  concatenated as LSB's and MSB's respectively to 



samples, [err]. Adding 144 to the accumulator again  produce values that
are applied to a delay element yields a value of 32 (288 modulo 256). Using
422. The delay element 422 is a synchronizing FIGURES 10B and 10C, the line
of samples, [err] is  55  delay used to align the interpolation scale
factors, formed by adding 1/8 of each sample in the line [err]  ZRL, to the
read line address signal, RLADR, and to 7/8 of the corresponding sample in
the line of  recirculate signal, RECIR. The values represented samples
[err]. The lines of samples [err] through [err]    by the four LSB's of the
signal provided by the 6    11                EP 0 287 333 B1
12 delay element 422 are added to a value of one,    of interpolated signal
are developed from one pair provided by a digital value source 426 in an
adder  of lines of the original signal. The signal CINV 424.
controls the inversion of the chrominance samples Adding a one to the LSB's
and dividing by two  developed by the chrominance signal vertical inter-
(right-shifting and truncating the sum) produces the   5   polation
circuitry described below. This signal en- value [err] which corresponds to
the integer part of  ables the chrominance signals developed by the the
eight-bit value provided by register 412 divided  circuitry 32 to be
properly demodulated into the I by thirty two, i.e. an integer value in the
range 0-8.  and Q color difference signals by conventional The value [err]
is the numerator of the fraction r'/8  chrominance signal demodulation
circuitry. and, thus, is equal to [err] where [err] is the desired   10
The signal RECIR is applied to the lumi- proportion of the contribution of
the current line.  nance/chrominance separation circuitry 27 and to The
four MSB's of the signal provided by the delay  one input terminal of an
AND gate 442. Another element 422 (the ones-complement values) are ad-
input terminal of the AND gate 442 is coupled to ded to a value of one
provided by a digital value  receive the horizontal synchronization signal
HS. source 430 in an adder 428. The signal provided   15  The signal
provided by the AND gate 442 is ap- by the adder 428 is divided by two in
the divider  plied to the clock input terminal of a counter 444 434 to
produce a signal [err] which represents  which produces the signal RLADR.
The counter the second vertical interpolation factor, multiplied  444
increments its value once per horizontal line by eight. The signal 8(1-K)v
is used by the vertical  period unless the lines of samples used to gen-
interpolation circuitry 28 and 32 to develop the   20  erate the next
interpolated line are the same as interpolated lines of samples which
represent the  those that were used to generate the prior interpo-
magnified image. The signal [err] is the four LSB's,  lated line. The
counter 444 is cleared by the de- and the signal 8(1-K)[err] is the four
MSB's of the  layed vertical sync signal, DVS. The vertical posi- signal
ZRL. FIGURE 10B illustrates how the factors  tion value VPOS is loaded as
an initial value into [err] and 8(1-K)v are mapped onto the 256 intersti-
25  the counter 444 by a delayed version of the signal tial line positions
between successive lines of sam-  DVS provided by the delay element 446.
ples.                                                The counter 444 is
cleared and preset by the A signal, MSBo, representing the most signifi-
signal DVS to ensure that the lines of samples read cant bit of the value
provided by the adder 410 and  from the field memory 16 during one field
interval a signal [err] representing the inverted most sig-  30  are all
from the same field of the input video signal. nificant bit of the value
provided by the register  For example, when a magnification factor of 412
are combined in a NAND gate 436 to produce    256/128 (2) is used, memory
write operations occur a signal, which, when delayed by one horizontal   at
twice the rate of the memory read operations. In line period by the delay
element 438, becomes the  the present embodiment of the invention, the
field recirculate signal RECIR. The signal provided by   35  memory 16
holds 256 lines of samples. In this the NAND gate 436 has a logic zero
value only     example, the image to be expanded occupies a when the most
significant bit of the value provided  portion of the lower one-half of the
original image. by the register 412 is a zero and the most signifi-  Since
the memory read operation is synchronized cant bit of the value provided by
the adder 410 is a  to the DVS, the first line to be expanded, line one.
These values indicate that two successive   40  number 128 of the original
signal, is read from the interpolated lines of samples are to be
interpolated  memory one horizontal line period after it was from the same
two lines of samples from the       written into the memory. If the signal
DVS were original image. Alternatively, the signal RECIR may  delayed by
less than 128 horizontal line periods be obtained by inverting an overflow
output signal  relative to the signal VS, the lines of samples (not shown)
provided by the adder 410 and delay-  45  displayed at the top of this
expanded image would ing this inverted signal by two periods of the hori-
be from the previous field relative to the lines of zontal line
synchronizing signal, HS.             samples displayed at the bottom of
the image. The signal RECIR is applied to the clock input  Conversely, if
the signal DVS were delayed by port of a toggle-type flip-flop 439. The
flip-flop 439,  more than 128 horizontal line periods and a portion which
may be, for example, a conventional J-K flip-  50  of the top half of the
original image were magnified 



flop having a value of logic one applied to both its  by a factor of 2, the
lines of samples displayed at J and K input terminals, changes its output
state  the bottom of the expanded image would be from from a logic one to a
logic zero and vice-versa   the subsequent field relative to the lines of
samples each time a pulse is applied to its clock input   displayed at the
top of the image. Displaying sam- terminal, CLK. The flip-flop 439 is reset
to have a   55  ples from a single field is desirable to avoid a logic zero
output state by the delayed vertical   "tearing" of the image which may
occur because synchronization signal DVS. The signal CINV       of
interfield motion. changes state each time that two successive lines 7
13                EP 0 287 333 B1                       14 The recirculate
signal RECIR generated by the  the bus ZRL. The output signals of the
multiplier read address generator 22 is applied to the lu-   614 are
applied to one input port of an adder 616. minance/chrominance separation
circuitry 27. FIG-  The luminance signal provided by the subtracter URE 5
is a block diagram of exemplary lumi-       618, which approximates
luminance samples from nance/chrominance separation circuitry. The lines
5   the previous line of video signal, is scaled by the of samples of the
video signal, VOUT, provided by  interpolation scale factor 8(1-K) in a
multiplier 620. the field memory 16 are applied to one input port  The
output signal of the multiplier 620 is applied to of a multiplexer 510, the
output port of which is  a second input port of the adder 616. The output
coupled to a one horizontal line period (1H) delay  signal of the adder 616
is divided by 8 in the element 512. The output signal provided by the 1 H
10  circuitry 622 to produce the vertically interpolated delay element 512
is applied to a second input port  luminance signal. of the multiplexer
510. The control input terminal of  Referring to FIGURE 1, the signal
developed the multiplexer 510 is coupled to receive the signal  by the
luminance signal vertical interpolation cir- RECIR. When the signal RECIR
is a logic one, the  cuitry 28 is applied to hanging dot correction cir-
multiplexer 510 is conditioned to pass the signal  15  cuitry 29. The
circuitry 29 which may, for example, VOUT to the 1 H delay element 512.
When the       be the same as that described in U.S. Patent No. signal
RECIR is a logic zero, however, the mul-   4,636,842 entitled "Comb Filter
'Hanging Dot' tiplexer 510 is conditioned to recirculate the sam-
Eliminator", removes spurious chrominance signal ples provided by the 1H
delay element 512 back to  components from the vertically interpolated
lumi- the input terminal of the delay element.     20  nance signal based
on the magnitude of the verti- The remainder of the circuitry shown in FIG-
cal detail signal VDET. The circuitry 29 is de- URE 5 implements a
conventional 1H comb filter.   scribed in the that patent and, so, is not
described Corresponding samples from a delayed line of      herein. samples
and from an undelayed line of samples        The signal Y' provided by the
hanging dot are summed in an adder 514 to provide a lu-  25  correction
circuitry 29 is applied to the luminance minance signal, Y. The delayed
samples are sub-   horizontal interpolation circuitry 30. The circuitry 30
tracted from the undelayed samples to produce a   interpolates samples for
insertion between pairs of comb filtered chrominance signal, C, which in-
successive samples in each line of the signal Y' to cludes chrominance
signal components and rela-    develop the signal Y" which is expanded both
tively low frequency vertical detail signal compo-  30  vertically and
horizontally relative to the video sig- nents. The signal RECIR conditions
the comb filter  nal provided by source 10. FIGURE 7 is a block to use
samples from the same pair of lines to     diagram showing circuitry
suitable for use as the generate the signals Y and C when two successive
luminance signal horizontal interpolator 30. The cir- lines of the expanded
video signal are to be inter-  cuitry shown in FIGURE 7 is divided into two
parts. polated from one pair of lines of the original video  35  The
circuitry which processes the signal Y' to pro- signal. The luminance
signal, Y, provided by the  duce the signal Y" is inside the dashed-line
box, luminance/chrominance separation circuitry 27 is  identified by the
reference number 710. The re- applied to the luminance signal vertical
interpolator  mainder of the circuitry shown in FIGURE 7 con- 28. FIGURE 6
is a block diagram of circuitry suit-  trols the circuitry 710 and also
controls the color able for use as the interpolator 28.         40
difference signal horizontal interpolation circuitry 34 In FIGURE 6, the
luminance signal Y is applied  as set forth below in reference to FIGURE 9.
to a delay element 610. The delay element 610        In FIGURE 7, the
vertically interpolated lumi- compensates the luminance signal Y for
processing  nance signal, Y' is applied to the input port of a delays
through the chrominance signal vertical in-  demultiplexer 712. The
demultiplexer 712 applies terpolator circuitry 32 (described below) that
devel-  45  the lines of samples of the signal Y' alternately to ops the
vertical detail signal, VDET. An adder 612  1H random access memories 714
and 716. The and a subtracter 618 respectively add the vertical  signal
controlling the demultiplexer 712 is gen- detail signal, VDET, to and
subtract the signal   erated by halving the frequency of the horizontal 



VDET from the luminance signal provided by the    synchronization signal,
HS, in the frequency divid- delay element 610.                           50
ing circuitry 732. The output ports of the memories The signals developed
by the adder 612 and     714 and 716 are coupled to respective first and
subtracter 618 approximate the luminance signal   second input ports of a
multiplexer 718. The mul- components of two successive lines of the
original  tiplexer 718 is controlled by the signal generated video signal.
The samples produced by the adder   by the frequency divider 732 to provide
samples 612, which approximate the luminance samples  55  from memory 714
when the demultiplexer 712 is from a current line of video signal, are
multiplied, in  conditioned to apply samples to the memory 716 a multiplier
614, by the interpolation scale factor  and to provide samples from memory
716 when [err] provided by the read address generator 22 via  the
demultiplexer 712 is conditioned to apply sam- 8    15                EP 0
287 333 B1                  16 pies to the memory 714. The samples provided
by      The gated clock signal provided by the AND the multiplexer 718 are
applied to a delay element  gate 744 is the logical AND of the clock signal
CK 720 which is controlled by a gated clock signal  and a signal ADHOLD
provided by a NAND gate provided by an AND gate 764 as set forth below.
746. The signal ADHOLD inhibits the read address The delay element 720
provides samples to a   5   counter 738 from incrementing when two succes-
multiplier 724 and to a delay element 722. The   sive interpolated samples
are to be developed from delay element 722 is also clocked by the gated   a
single pair of sample values of the signal Y'. clock signal provided by the
AND gate 764. The       The circuitry which generates the signal AD-
samples provided by the delay element 722 are    HOLD also generates the
horizontal interpolation applied to a multiplier 726. The multipliers 724
and   10  scale factors used to develop the signal Y". As a 726, which may,
for example, be conventional 8-bit  first step in developing these factors,
the zoom x 8-bit multipliers, scale the sample values pro-  ratio signal,
ZR, is applied to one input port of an vided by the respective delay
elements 720 and   adder 758. The output port of the adder 758 is 722 by
interpolation factors 8KH and 8(1-K)H pro-  coupled to the input port of an
eight-bit register vided by dividing circuits 776 and 774, respec-  15  756
which is clocked by the signal CK. The output tively. The scaled samples
provided by the mul-  port of the register 756 is coupled to a second
tiplying circuits 724 and 726 are summed in an   input port the adder 758.
The register 756, which adder 728 and divided by eight in sample value
may, for example, include eight data-type flip-flops dividing circuitry 730
to produce samples repre-  arranged as a parallel-input, parallel-output
register, senting the interpolated signal Y".        20  and the adder 758
form a modulo 256 accumulator. The circuitry that controls the
interpolating cir-  The four MSB's of the value provided by the regis-
cuitry 710 also develops the address values used  ter 256 are applied to
the input port of a delay to access the memories 714 and 716 and the
element 760 both directly and via the respective interpolation scale
factors used by the multipliers  inverters 748, 750, 752 and 754. The
signal applied 724 and 726.                                25  to the delay
element 760 is an eight-bit signal. The Each of the 1 H memories 714 and
716 is a     four-bits provided by the inverters 748 through 754 random
access memory. Address values used to     are the four MSB's of this
eight-bit signal and the access the memory 714 are provided by a mul-
four-bits provided by register 756 directly form the tiplexer 736 while
address values used to access  four LSB's of the signal. The signal [err]
the the memory 716 are provided by the multiplexer  30  most significant
bit of the signal provided by the 734. Each of the multiplexers 734 and 736
are    register 756, and the signal [err] the most sig- coupled to receive
read address values at respec-  nificant bit of the signal provided by the
delay tive first input ports from a read address counter  element 760, are
applied to the NAND gate 746 to 738 and to receive write address values at
respec-  generate the signal ADHOLD. The signal ADHOLD tive second input
ports from a write address coun-  35  has a value of logic zero only when
the signal ter 740. The multiplexers 734 and 736 are con-   HMSBo and [err]
are both logic one. This oc- ditioned by the signal provided by the
frequency  curs when the most significant bit of the value divider 732 to
apply the write address values to the  provided by the register 756 is a
logic zero during memory 714 or 716, whichever one is coupled to   one
period of the signal CK and is a logic one receive video samples from the
demultiplexer 712,  40  during the next successive period of the signal CK.
and to apply read address values to the other one  In this instance, two
successive samples of the of the memories 714 and 716.
interpolated signal Y" are developed from one pair The write address
counter 740 may be, for     of samples of the signal Y'. Alternatively, the
signal example, a ten-bit counter which is clocked by the  ADHOLD may be
generated by inverting an over- [err] signal CK and which is reset by the
horizontal  45  flow output signal (not shown) of the adder 758 and
synchronization signal, HS. The read address coun-  delaying this inverted
output signal by two periods 



ter 738 may also be a ten-bit counter which is   of the signal CK. clocked
by a gated version of the signal CK pro-     In addition to selectively
disabling the clock vided by an AND gate 744 as set forth below. The  input
signal to the read address counter 738, the counter 738, used in this
embodiment of the inven-  50  signal ADHOLD is delayed by one period of the
tion, is a presettable counter. The horizontal posi-  signal CK, via the
delay element 762, and applied tion value, HPOS, provided via the viewer
controls  to the input terminal of the AND gate 764. Another 24 is applied
to the counter 738 as the preset   input terminal of the AND gate 764 is
coupled to value. This value is loaded into the counter 738  receive the
clock signal CK. The signal provided by coincident with a pulse of the
horizontal synchro-  55  the AND gate 764 cycles successive samples of
nization signal, HS, delayed by one period of the  the signal Y' through
the delay elements 720 and signal CK via the delay element 742.
722 for use by the interpolating multipliers 724 and 726. When the same two
values of the signal Y' are 9    17                EP 0 287 333 B1
18 used to develop two samples of the signal Y", the  modulator 814, which
may be of conventional de- clock signal applied to the delay elements 720
and  sign, processes these samples to develop the two 722 is disabled for
one period of the signal CK.  color difference signals I and Q. The signal
I is The samples provided by the delay elements 720    applied to a 1 H
delay element 816 and to a multi- and 722 are processed by the multipliers
724 and   5   plier 818. The 1 H delayed I signal provided by the 726 as
set forth above.                           delay element 816 is applied to
a multiplier 820. To develop the horizontal interpolation scale  The
multiplexers 818 and 820, which may be, for factors, the values represented
by the four LSB's of  example, conventional 8 x 8 bit multipliers, scale
the signal provided by the delay elements 760 are  the respective undelayed
and delayed I signal added, in an adder 770, to a value of one supplied
10  sample values by the respective interpolation scale by a digital value
source 772. The signal developed  factors 8Kv and [err] provided by the
read ad- by the adder 770 is applied to a divider 776 which  dress
generator circuitry 22 as set forth above. The divides it by two to produce
the horizontal inter-  scaled samples provided by the multipliers 818
polation factor [err] This factor is applied to the  and 820 are summed in
an adder 822. The signal interpolating multiplier 724. Similarly, the
values  is  provided by the adder 822 is divided by eight in represented by
the four MSB's of the signal pro-  the dividing circuitry 824 to produce
vertically inter- vided by the delay element 760 are added, in an   polated
lines of samples of a signal I' for applica- adder 766, to a value of one
provided by a digital  tion to the color difference signal horizontal
inter- value source 768. The values developed by the     polation circuitry
34. adder 766 are divided by two in the dividing cir-  20  The Q color
difference signals provided by the cuitry 774 to produce the horizontal
interpolation  chrominance signal demodulator 814 are applied to factor
8(1-K)H. This factor is applied to the inter-  circuitry which includes a 1
H delay element 826, polating multiplier 726. The operation of the inter-
interpolating multipliers 828 and 830, an adder 832 polating multipliers
724 and 726 is set forth above.  and a sample value divider 834. This
circuitry de- Referring to FIGURE 1, the samples of the   25  velops the
vertically interpolated color difference signal C provided by the
luminance/chrominance    signal, Q'. The Q signal vertical interpolation
cir- separation circuitry 27 are applied to the chromin-  cuitry performs
identically to the I signal vertical ance vertical interpolator 32. FIGURE
8 is a block  interpolation circuitry described above; consequent- diagram
of circuitry suitable for use as the inter-  ly, it is not described in
detail. polator 32. In FIGURE 8, the sampled data combed   30  Using the
chrominance signal vertical interpola- chrominance signal, C, provided by
the separation  tion circuitry shown in FIGURE 8, samples of a circuitry 27
is applied to a vertical detail low-pass  color difference signal from one
of the input video filter 810. The filter 810, which may, for example,
signal, for example, samples of the signal I, may have a frequency
characteristic pass band from O  be simultaneously provided to both of the
inter- [err] to 2 MHz passes the relatively low frequency   35  polating
multipliers 818 and 820. In this instance, luminance vertical detail
components of the signal  which occurs for the second of two lines of sam-
C to the substantial exclusion of any chrominance  ples interpolated from
the same pair of lines of the signal components. The filter 810 provides
the ver-  input signal, the I' output signal of the interpolator tical
detail signal, VDET, which is used by the   32 is the uninterpolated I
signal. Due to the rela- luminance signal vertical interpolation circuitry
28   40  tively low sensitivity of the eye to changes in color, as set
forth above.                               artifacts resulting from the use
of these uninter- The signal VDET is subtracted from the signal  polated
samples are not objectionable. Moreover, C by the subtracter 812 to produce
samples repre-  because of the low sensitivity of the eye to senting the
chrominance band signal components    changes in color, it is contemplated
that the 



of the comb filtered chrominance signal C. The   45  chrominance signal
vertical interpolator circuitry 32 signals developed by the subtracter 812
are ap-   may be reduced to the vertical detail filter 810, plied to
selective chrominance signal inverting cir-  subtracter 812, chrominance
signal inverter 813 cuitry 813. The circuitry 813 is controlled by the  and
chrominance signal demodulator 814; com- chrominance inversion signal,
CINV, developed by  pletely eliminating the 1H delay elements 816 and the
read address generator 22 as set forth above.  50  826, the multipliers
818, 820, 826 and 828, the The circuitry 813 acts to preserve the phase
rela-  adders 822 and 832 and the sample value dividing tionship between
the clock signal CK and the I and  circuits 824 and 834, without seriously
impairing Q phases of the vertically interpolated chrominance  the quality
of the reproduced image. signal when successive lines of interpolated sam-
The vertically interpolated I and Q color dif- ples are derived from one
pair of lines of the signal  55  ference signals provided by the circuits
32 are C. The phase corrected chrominance samples pro-   applied to color
difference signal horizontal inter- vided by the inverting circuitry 813
are applied to a  polation circuitry 34. FIGURE 9 is a block diagram
chrominance signal demodulator 814. The de-       showing circuitry
suitable for use as the horizontal 10    19                EP 0 287333 B1
20 interpolation circuitry 34. The circuitry 950 used to     a random
access memory (218,220), hav- develop the interpolated Q color difference
signal is  ing an address input port, for holding samples identical to the
circuitry used to develop the inter-  representing the successive portions
of said polated I color difference signal and, so, the cir-    unmagnified
image in respectively different cuitry 950 is shown as a single block. The
circuitry,   5  memory locations corresponding to respective 910, used to
develop the interpolated I color dif-     successive address values;
ference signal is, itself, identical to the circuitry 710  address register
means (444) for holding used to develop the horizontally interpolated lu-
an address value applied to the address input minance signals, accordingly,
the circuitry 910 and    port of said random access memory; and the
circuitry 950 are not described in detail. The   10   address incrementing
means (442), re- horizontally and vertically interpolated color differ-
sponsive to said memory output control signal ence signals, I" and Q",
provided by the respective    for selectively incrementing the address
value circuits 910 and 950 may be applied, for example,      held in said
address register means at instants to conventional color difference signal
processing     determined by said clock signal; and circuits (not shown)
and combined with the signal  15     said memory means provides samples,
re- Y" to produce a magnified image.                       presenting
portions of said unmagnified image corresponding to address values applied
to the Claims                                                 address input
port of said random  access memory, at instants determined by said clock 1.
Circuitry for developing a magnified video im-   20  signal. age,
including: a source (12) of clock signal having a      3.  The circuitry
set forth in Claim 2 characterized frequency substantially equal to a
predeter-       in that: mined frequency;
said control signal generating means fur- memory means (16) for providing
samples   25    ther includes means (414-420) for providing a representing
successive portions of an unmag-      signal substantially equal to an
inverted version nified image at instants determined by a mem-      of a
predetermined portion of the sum pro- ory output control signal;
characterized by;       vided  by said  digital value accumulating control
signal generating means including:      means, delayed by one period of
said clock a source (24) of digital value N;      30       signal; and
modulo M  digital values accumulating              said memory output
control signal generat- means, (22;410,412) coupled to said source of
ing means includes means (436) for generating digital value N and
responsive to said clock       said memory output control signal having a
signal for adding said digital value N to a        first state when the
value of the predetermined stored digital value and for storing the
resultant  35  portion of the sum developed by said digital sum, modulo M,
as said stored digital value;       value accumulating means and the value
pro- and                                                vided by said
sample inverting and delaying memory output control signal generating
means are within a predetermined range of means, (22;444) coupled to said
modulo M           values and having a second state otherwise; digital
value accumulating means and respon-   40      wherein the address
incrementing means sive to the value of the sum developed thereby     (442)
of said memory means is conditioned to and to said clock signal for
generating said       increment the address value held in said ad- 



memory output control signal; and                  dress register means
only when said memory sample       processing       means,
output control signal is in said second state. (28,29,30,32,34) coupled  to
said  memory  45 means and responsive to the samples pro-       4. The
circuitry set forth in Claim 1, characterized vided thereby for
interpolating said samples to    by: generate samples representing said
magnified           a source (14) of sampled data video signal video image
at instants determined by said         representing successive horizontal
lines of a clock signal;                             50       raster
scanned video image; wherein said magnified image is increased
said memory means (16) is coupled to in size along a linear dimension by a
factor of    said source of sampled data video signal for M/N relative to
said unmagnified image, where      storing samples representing one of said
hori- N and M are positive integers.                     zontal lines at
instants determined by said 66      clock signal and for providing said
stored sam- 2. The circuitry set forth in Claim 1 characterized    ples at
instants determined by said memory in that:
output control signal; said memory means (16) includes:
said sample processing means (30,34), 11    19                EP 0 287 333
B1                    20 interpolation circuitry 34. The circuitry 950 used
to     a random access memory (218,220), hav- develop the interpolated Q
color difference signal is  ing an address input port, for holding samples
identical to the circuitry used to develop the inter-  representing the
successive portions of said polated I color difference signal and, so, the
cir-   unmagnified image in respectively different cuitry 950 is shown as a
single block. The circuitry,   5  memory locations corresponding to
respective 910, used to develop the interpolated I color dif-    successive
address values; ference signal is, itself, identical to the circuitry 710
address register means (444) for holding used to develop the horizontally
interpolated lu-     an address value applied to the address input minance
signals, accordingly, the circuitry 910 and   port of said random access
memory; and the circuitry 950 are not described in detail. The   10
address incrementing means (442), re- horizontally and vertically
interpolated color differ-  sponsive to said memory output control signal
ence signals, I" and Q", provided by the respective   for selectively
incrementing the address value circuits 910 and 950 may be applied, for
example,     held in said address register means at instants to
conventional color difference signal processing    determined by said clock
signal; and circuits (not shown) and combined with the signal  15    said
memory means provides samples, re- Y" to produce a magnified image.
presenting portions of said unmagnified image corresponding to address
values applied to the Claims
address input port of said random  access memory, at instants determined by
said clock 1. Circuitry for developing a magnified video im-  20  signal.
age, including: a source (12) of clock signal having a      3. The
circuitry set forth in Claim 2 characterized frequency substantially equal
to a predeter-      in that: mined frequency;
said control signal generating means fur- memory means (16) for providing
samples  25    ther includes means (414-420) for providing a representing
successive portions of an unmag-     signal substantially equal to an
inverted version nified image at instants determined by a mem-      of a
predetermined portion of the sum pro- ory output control signal;
characterized by;       vided by said digital value accumulating control
signal generating means including:     means, delayed by one period of said
clock a source (24) of digital value N;      30      signal; and modulo M
digital values accumulating              said memory output control signal
generat- means, (22;410,412) coupled to said source of     ing means
includes means (436) for generating digital value N and responsive to said
clock       said memory output control signal having a signal for adding
said digital value N to a        first state when the value of the
predetermined stored digital value and for storing the resultant  35
portion of the sum developed by said digital sum, modulo M, as said stored
digital value;       value accumulating means and the value pro- and
vided by said sample inverting and delaying memory output control signal
generating        means are within a predetermined range of means, (22;444)
coupled to said modulo M           values and having a second state
otherwise; digital value accumulating means and respon-  40      wherein
the address incrementing means 



sive to the value of the sum developed thereby     (442) of said memory
means is conditioned to and to said clock signal for generating said
increment the address value held in said ad- memory output control signal;
and                  dress register means only when said memory sample
processing       means,           output control signal is in said second
state. (28,29,30,32,34) coupled  to said  memory  45 means and responsive
to the samples pro-       4. The circuitry set forth in Claim 1,
characterized vided thereby for interpolating said samples to    by:
generate samples representing said magnified          a source (14) of
sampled data video signal video image at instants determined by said
representing successive horizontal lines of a clock signal;
50       raster scanned video image; wherein said magnified image is
increased         said memory means (16) is coupled to in size along a
linear dimension by a factor of    said source of sampled data video signal
for M/N relative to said unmagnified image, where      storing samples
representing one of said hori- N and M are positive integers.
zontal lines at instants determined by said 55      clock signal and for
providing said stored sam- 2. The circuitry set forth in Claim 1
characterized   ples at instants determined by said memory in that:
output control signal; said memory means (16) includes:
said sample processing means (30,34), 11    21                EP 0 287 333
B1                    22 generates samples representing one horizontal
sum provided by said digital value accumulat- line of said magnified video
image at instants     ing means where R is an integer less than B,
determined by said clock signal;                   and delay means (760)
coupled to said invert- wherein a predetermined portion of the line     ing
means, for delaying said R inverted most of said magnified image is
increased in size by   5  significant bits by an amount of time substan- a
factor of M/N relative to the lines of the video  tially equal to one
period of said clock signal; image represented by the sampled data video
and signal provided by said source of sampled              said memory
output control signal generat- data video signal.
ing means includes first gating means (746) for 10     forming the inverted
logical AND of the most 5.  The circuitry set forth in Claim 4
characterized    significant bit of the B-bit sum provided by in that:
said accumulating means and the most signifi- said sample processing means
includes           cant bit of the R-bit value provided by said sample
value interpolating means (720-730)         delay means, and second gating
means (744) coupled to said memory means and respon-  15       for forming
the logical AND of said clock signal sive to an interpolation control
signal for inter-  and the values provided by said first gating polating
between pairs of successive sample        means, to produce said memory
output control values provided thereby to generate samples        signal.
representing said one horizontal line of said magnified image; and
20   PatentansprUche said control signal generating means fur- ther
includes interpolation control signal gen-  1. Schaltung zur Entwicklung
eines vergrdBerten erating means (758-776) responsive to the val-
Videobildes mit: ue of the sum provided by said digital value
einer Taktsignalquelle (12), deren Fre- accumulating means for generating
said inter-  26  quenz etwa gleich einer vorgegebenen Fre- polation control
signal.                           quenz ist; Speichermitteln (16) zur
Ueferung von Ab- 6. The circuitry set forth in Claim 5 characterized
tastungen, die aufeinanderfolgende Teile eines by:
unvergrdBerten Bildes in Augenblicken darstel- memory means including:
30       len, die durch ein Speicherausgangssteuersi- a random access
memory (714,716), hav-          gnal bestimmt sind, gekennzeichnet durch:
ing an address input port, for holding samples,    Mittel zur Erzeugung von
Steuersignalen mit: provided by said source of sampled data video
einer Quelle (24) fOr einen digitalen Wert signal, representing said one
line of the raster   N; scanned video image;                       36
Akkumulationsmitteln (20; 410; 412) fur di- address register means
(734,736) for hold-      gitale Modulo-M-Werte, die mit der Quelle far ing
an address value applied to the address        einen digitalen Wert N
verbunden sind und auf input port of said random access memory; and
das Taktsignal ansprechen, um den digitalen 



address incrementing means (738), re-           Wert N zu einem
gespeicherten digitalen Wert sponsive to said memory output control signal
40  zu addieren, und um die resultierende Summe for selectively
incrementing the address value     Modulo M  als den gespeicherten
digitalen held in said address register means at instants    Wert zu
speichern; und determined by said clock signal; and
Mitteln (22; 444) zur Erzeugung eines said memory means provides samples of
Speicherausgangssteuersignals, die mit den said video signal, corresponding
to the address   45  Mitteln zur Akkumulation des Modul-M-Wertes values
applied to said address input port, at      verbunden sind und auf den Wert
der dadurch instants determined by said clock signal.          entwickelten
Summe und auf das Taktsignal ansprechen, um das Speicherausgangssteuer- 7.
The circuitry set forth in Claim 6, characterized   signal zu erzeugen; und
in that:                                  50
Abtast-Verarbeitungsmittel (28, 29, 30, 32, 34), the sum provided by
digital value accu-         die mit den Speichermitteln verbunden sind
mulating means (756,758) is a B-bit digital        und auf die von diesen
gelieferten Abtastungen value where B is a positive integer such that
ftr deren Interpolation ansprechen, um Abta- 2B=M;
stungen zu erzeugen, die das vergr6Berte Vi- said interpolation control
signal generating   56  deobild in durch das Taktsignal bestimmten means
includes means (748-754), coupled to         Augenblicken darstellen; woboe
das vergrdBer- said digital sample value accumulating means,      te Bild
eine Gr6Benzunahme entlang einer Ii- for inverting the R most significant
bits of the   nearen Dimension um einen Faktor M/N relativ 12    23
EP0287333B1                        24    11 1 1            11 zu dem
unvergroBerten Bild erfahrt, wobei N       Abtastdaten, die
aufeinanderfolgende horizon- und M positive ganze Zahlen sind.
tale Zeilen eines in einem Raster abgetasteten Videobildes darstellen,
vorgesehen ist; 2. Schaltung nach Anspruch 1, dadurch gekenn-         daB
die Speichermittel (16) mit der Quelle far zeichnet, daB die Speichermittel
(16) einschlie-   5  Videosignal-Abtastdaten verbunden ist, um Ab- Ben:
tastungen zu speichem, die eine der horizonta- einen Speicher mit
wilikUrlichem Zugriff       len Zeilen in Augenblicken darstellen, die
(218, 220) mit einem Adressen-Eingangpan-         durch das Taktsignal
bestimmt sind, und um schIuB zurn Halten von Abtastungen,edie die       die
gespeicherten Abtastungen in Augenblik- aufeinanderfolgenden Teile des
unvergroBerten   10  ken zu liefern, die durch das Speicheraus- Bildes an
jeweils unterschiedlichen Speicher-     gangssteuersignal bestimmt sind;
platzen darstellen, die jeweils aufeinanderfol-   daB die
Abtast-Verarbeitungsmittel (30, 34) Ab- genden Adressenwerten entsprechen;
tastungen erzeugen, die eine horizontale Zeile Adressen-Registermittel
(444) zum Halten       des vergroBerten Videobildes in Augenblicken eines
dem  Adressen-EingangsanschluB  des  i1      darstellen, die durch das
Taktsignal bestimmt Speichers mit wilikOrlichem Zugriff zugefahrten   sind;
Adressenwertes; und                                wobei ein vorgegebener
Teil der Zeile des Adressen-Fortschaltmittel (442), die auf
vergroSBerten Bildes in ihren Abmessungen um das
Speicherausgangssteuersignal  anspre-        einen Faktor M/N relativ zu
den Zeilen des chen, um wahlweise den in den Adressen-  20
Videobildes vergroBert wird, das durch die Vi- Registermittein gehaltenen
Wert in Augenblik-     deosignal-Abtastdaten dargestellt wird, die von ken
fortzuschalten, die durch das Taktsignal      der Quelle fUr
Videosignal-Abtastdaten geliefert bestimmt sind; und
werden. daB die Speichermittel in durch das Taktsignal bestimmten
Augenblicken Abtastungen liefern,  25  5. Schaltung nach Anspruch 4,
dadurch gekenn- die Teile des unvergrdBertan Bildes darstellen,
zeichnet, daB die Abtast-Verarbeitungsmittel die Adressenwerten
entsprechen, die dem           Abtastwert-interpolationsmittel (720 bis
730) Adressen-EingangsanschluB des Speichers mit       enthalten, die mit
den Speichermittein verbun- wilikOrlichem Zugriff zugef~hrt werden.
den sind und auf ein Interpolations-Steuersi- 30      gnal ansprechen, um
zwischen dadurch er- 3. Schaltung nach Anspruch 2, dadurch gekenn-
zeugten Paaren von aufeinanderfolgenden Ab- zeichnet, daB die Mittel zur
Erzeugung des        tastwerten zu interpolieren und Abtastungen zu
Steuersignals ferner Mittel (414 bis 420) zur      erzeugen, die die eine
horizontale Zeile des Lieferung eines Signals enthalten, das etwa
vergroBerten Bildes darstellen; und gleich einer invertierten Version eines
vorgoge-  35  daB die Mittel zur Erzeugung von Steuersigna- benen Teils der
von den Mitteln zur Akkumu-       len ferner Mittel (758 bis 776) zur
Erzeugung 



lierung digitaler Werte gelieferten Summe, ver-   von
Interpolations-Steuersignalen enthalten, die z6gert um eine Periode des
Taktsignals, ist,      auf den Wert der Summe ansprechen, die von und
den Mittein zur Akkumulation von digitalen daB die Mittel zur Erzeugung des
Speicheraus-  40  Werten geliefert werden, um das Interpola-
gangssteuersignals Mittel (436) zur Erzeugung     tions-Steuersignal zu
erzeugen. des Speicherausgangssteuersignals enthalten, das einen ersten
Zustand hat, wenn der Wert    6. Schaltung nach Anspruch 5, gekennzeichnet
des vorgogebenen Teils der von den Akkumu-        durch Speichermittel, die
einschlieBen: lationsmitteln fOr digitale Werte entwickelten   46   einen
Speicher mit wilikarlichem  Zugriff Summe und der von den
Abtast-Invertierungs-       (714, 716) mit einem  Adressen-Eingangsan- und
Verzogerungsmitteln gelieferte Wert in ei-    schluB zum Halten von
Abtastungen, die von nem vorgogebenen Bereich von Werten liegen,       der
Quelle far Videosignal-Abtastdaten geliefert und das sonst elnen zweiten
Zustand hat;          werden, die die eine Zeile des in einem Raster wobei
die Adressen-Fortschaltmittel (442) der  6o  abgetasteten Videobildes
darstellen; Speichermittel beeinfluflt werden, um den in
Adressen-Registermittel (734, 736) zurn den Adressen-Registermitteln
gehaltenen Wert       Halton eines dern Adressen-EingangsanschluB nur dann
fortzuschalten, wenn sich das Spei-      des Speichers mit wilikarlichem
Zugriff zuge- cherausgangssteuersignal in dem zweiten Zu-       fUhrten
Adressenwertes; stand befindet.                           55
Adressen-Fortschaltmittel (738), die auf das  Speicherausgangssteuersignal
anspre- 4. Schaltung nach Anspruch 1, dadurch gekenn-         chen, um
wahlweise den in den Adressen- zeichnet, daB eine Quelle (14) fUr
Videosignal-    Registermittein gehaltenen Adressenwert in 13    25
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fortzuschalten, die durch das         ble audit signal d'horloge pour
ajouter ladite Taktsignal bestimmt sind; und                      valour
num6rique N & une valeur numerique wobei die Speichermittel Abtastungen des
enregistrde et pour enregistrer la somme r~sul- Videosignals liefern, die
den Adressenwerten       tante, modulo M, comme ladite valeur numdri-
entsprechen, die dam Adressen-Eingangsan-   6      quo enregistrde; et 'v'
schluB in Augenblicken zugefahrt werden, die           un moyen de gdn6rer
un signal de com- durch das Taktsignal bestimmt sind.                mando
de sortie de mdmoire (22;444) coupl6 audit moyen de totalisation des
valeurs num6- 7. Schaltung nach Anspruch 6, dadurch gekenn-         riques
modulo M et sensible I la valeur de la zoichnet, daB die von den Mitteln
(756, 758)  l0   somme d~velopp~e ainsi et audit signal d'hor- zur
Akkumulation digitaler Worte gelieferte       loge pour g6n6rer ledit
signal de commando Summe ein digitaler B-Bit-Wert ist, wobei B       de
sortie de m6moire, et eine positive ganze Zahl ist, so daB 21 = M;
un moyen de traitement des dchantillons daB die Mittel zur Erzeugung von
Interpola-       (28, 29, 30,32,34) coupl4 audit moyen de m6-
tions-Steuersignalen mit den Mitteln zur Akku-  15  moire et sensible aux
6chantillons fournis ainsi mulation digitaler Abtastwerte verbundene Mit-
pour interpoler lesdits 6chantillons afin de ge- tel (748 bis 754)
enthalten, um die R bedeut-      n6rer les 6chantillons repr~sentant ladite
image samsten Bits (most significant bits) der von      vid6o agrandie aux
instants d6terminds par dem Mitteln zur Akkumulation digitaler Werte
ledit signal d'horloge; >-~"   gelieforten Summe zu invertieren, wobei R
20       dans lequel ladite image agrandie est de eine ganze Zahl kleiner
als B ist und Verzdge-     dimension accrue lo long d'une dimension li-
rungsmittel (760) mit den Invertierungsmittoln    nMaire d'un facteur MN
par rapport & ladite verbunden sind, um die R invertierten bedeut-
image non agrandie , oO N et M sont des samsten Bits um eine Zeitspanne zu
verzo-          entiers positifs. gem, die etwa gleich einer Periode des
Taktsi-  25 gnals ist; und                                 2. Circuit solon
la revendication 1 caract&ris4 en daB die Mittel zur Erzeugung des
Speicheraus-      ce que: gangssteuersignals erste Gattermittel (746)
ledit moyen de m~moire (16) comprend: enthalten, um das invertierte
logische UND des        une mdmoire vivo (218,220) ayant une bedeutsamsten
Bits der von den Akkumula-  30       porte d'entr6e d'adresse, pour
conserver les tionsmitteln golieferten B-Bit-Summe und des
echantillons representant les parties successi- bedoutsamsten Bits des von
den Verz6ge-           ves de laditb image non agrandie dans des
rungsmitteln gelieferton R-Bit-Wertes zu bil-      positions de m6moire
respectivement diffren- den, und zweite Gattermittbl (744), um das
tbs correspondant aux valeurs d'adresse res- 



logische UND des Taktsignals und der von den   35  pectives successives;
ersten Gattermitteln gelieferten Warte zu bil-        un moyen de registre
d'adresse (444) pour den und damit das Speicherausgangsstbuersi-
conserver une valeur d'adresse appliqude au gnal zu erzeugen.
port d'entrde d'adresse de ladite memoire vive at Revendlcatlons
40         un moyen d'incrdmentation des adresses (442) sensible audit
signal de commando de 1. Circuit pour developper une image vid~o
sortie de mdmoire pour incrdmenter sdlective- agrandie, comprenant:
ment la valeur d'adresse retenue dans ledit une source (12) d'un signal
d'horloge          moyen de registre d'adresse 3 des instants ayant une
fr~quence sensiblement egale A une   45  dbterminds par ledit signal
d'horloge ; et frequence predeterminee;                              ledit
moyen  de mdmoire fournit des un moyen de m6moire (16) pour fournir
dchantillons representant des parties de ladite des dchantillons
reprdsentatifs de parties suc-   image non agrandie correspondant aux
valeurs cessives d'une image non agrandie A des ins-       d'adresse
appliqu6es au port d'entr6e d'adres- tants d~tormin~s par un signal de
commande   50    se de ladite m6moire vive, & des instants dM- de sortie de
mmoire;                               termin6s par ledit signal d'horloge.
caract6ris6 par: un moyen de g~ndrer un signal de com-       3  Circuit
selon la revendication 2 caract~ris6 en mando comprenant:
ce quo: une source (24) de la valour num6rique N;   55    ledit moyen de
generer un signal de com- un moyen de totalisation des valeurs nu-
mande comprend, de plus, un moyen (414- meriques modulo M (22;410,412)
coupl4 & la-        420) pour produire un signal sensiblement dgal dite
source de la valeur numdrique N et sensi-     A une version inversde d'une
partie predetr- 14    27                EP 0 287 333 B1
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fournie par ledit moyen de      6chantillons reprdsentant ladite ligne
horizonta- totalisation de valeurs numdriques, retardeo      le de ladite
image agrandie ; at d'une periode dudit signal d'horloge ; et
ledit moyen de g~n~rer un signal de com- ledit moyen de generer un signal
de com-      mando comprend, de plus, un moyen de g~n6- mande de sortie de
memoire (436) pour gdn6-   s   rer un signal de commande d'interpolation
rer ledit signal de commande de sortie de         (758-776) sensible a la
valeur de la somme m6moire comportant un premier 6tat lorsque la
fournie par ledit moyen de totalisation de va- valour de la partie
pr~determinde de la somme     leurs num~riques pour produire ledit signal
de d~velopp6e par ledit moyen de totalisation de     commande
d'interpolation. valours numdriques et la valour fournie par  io ledit
moyen d'inverser et de retarder les     6. Circuit solon la revendication 5
caract~ris6 par 6chantillons sont    Il'intdrieur d'une gamme pr~dctermin6o
de valeurs et comportant , si-         ledit moyen de m6moire comprenant:
non, un second 6tat;                                 une mrmoire vive (714,
716) ayant un port dans loquol le moyen d'incr6menter les  15     d'entrde
d'adresse, pour retenir les dchantil- adresses (442) dudit moyen de mdmoire
est        Ions fournis par ladite source de signal vid~o conditionn6 pour
incr6menter la valour d'adres-   de donndes dchantillonn6es reprdsentant
ladite so retenue dans ledit moyen de registre          ligne de l'image
vid6o a balayage de trame; d'adresse seulement lorsque ledit signal de
un moyen de registre d'adresse (734, 736) commando de sortie de mdmoire est
dans   20       pour retenir une valeur d'adresse appliqu6e au ledit second
etat.                                port d'entree d'adresse de ladite
m~moire vive ;et 4. Circuit solon la revendication 1 caract6ris4 par
un  moyen  d'incrdmentation  d'adresse (738) sensible audit signal de
commando de une source (14) d'un signal vid6o de don-  25  sortie de
m~moire pour incr6menter s~lective- n~es 6chantillonn6os repr~sentant des
lignes      ment la valeur d'adresse retenue dans ledit horizontales
successives d'une image video a      moyen de registre d'adresse I des
instants balayage de trame;                                determinds par
ledit signal d'horloge ; et ledit moyen de m~moire (16) est couple a
ledit moyen de mdmoire foumit des ladite source du signal vid~o de donndes
3o      6chantillons dudit signal vid6o correspondant 6chantillonn6es pour
enregistrer les 6chantil-    aux valeurs d'adresse appliqudes audit port 



Ions reprdsentant une desdites lignes horizon-    d'entrde d'adresse, a des
instants d~termin6s tales & des instants ddtermin6s par ledit signal  par
ledit signal d'horloge. d'horloge et pour fournir lesdits echantillons
enregistrds a des instants ddterminds par ledit  35  7. Circuit solon la
revendication 6 caract6ris6 en signal de commando de sortie de mdmoire;
co quo: ledit moyen de traitement des echantillons        la somme fournie
par le moyen de totalisa- (30, 34) gdnbre des dchantillons representant
tion de valeurs num~riques (756, 758) est une une ligne horizontale de
ladite image viddo       valeur numerique a B binaires oO B est un agrandie
A des instants d6termin~s par ledit  4o  entier positif tel quo 2B = M;
signal d'horloge;                                    ledit moyen de g~n6rer
le signal de com- dans lequol une partie predetermindo de la     mande
d'interpolation comprond un moyen ligne de ladite image agrandie est de
dimen-      (748-754), coupld audit moyen de totalisation sion accrue d'un
facteur M/N par rapport aux      des valeurs numeriques des 6chantillons,
pour lignes de l'image viddo repr~sent~o par le  45   inverser les R
binaires les plus significatifs de signal vid~o de donndes dchantillonndes
fourni   la somme fournie par ledit moyen de totalisa- par ladite source de
signal vid6o de donn~es     tion de valeurs numnriques oO R est un antier
echantillonnees.                                  infdrieur I B et un moyen
de retard (760) ,couple audit moyon d'inversion, pour retarder 5. Circuit
solon la revendication 4 caractdris6 en   50  lesdits R binaires les plus
significatifs invers~s ce quo:
d'une quantit6 de temps sensiblement 6gale a ledit moyen de traitement des
6chantillons     une pnriode dudit signal d'horloge ; et comprend un moyen
d'interpolation des va-            ledit moyen de gendrer un signal de com-
leurs d'echantillon  (720-730) coupl4 audit       mande de sortie de
mdmoire comprend un moyen de memoire et sensible I un signal de   55
premier moyen de porte (748) pour former le commande d'interpolation pour
une interpola-      ET logique invers4 du binaire le plus significa- tion
entre des paires de valeurs successives     tif de la somme a B binaires
fournie par ledit d'4chantillon fournies ainsi pour produire des    moyon
de totalisation et du bit le plus signifi- 15    29                 EP 0
287 333 B1                     30     1       11111 IIII l catif de la
valeur & R binaires fournie par ledit moyen de retard et un second moyen de
porte (744) pour former les ET logique dudit signal d'horloge et les
valours foumies par ledit pro- mier moyen de porte, pour produire ledit
signal   5 '   de commando de sortie de mdmoire. 10 15 20 25 30 35 40 45 s0
55 16    


