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be represented, hidden surface removal (HSR) is re- quired to ensure
thatobjects in the foreground are not The invention relates to an apparatus
for modify-  overwritten in the colour-RAM by objects which are ing data
stored in a random access memory, the data  meantto be in the background
but are converted later. corresponding to one or more rows of pixels of
astor-   5  In z-buffer HSR, an additional memory (z-RAM) ed image, the
memory comprising a colour-RAM for  is provided to store current depth
values for every pix- storing a colourvalue for each pixel and a depth-RAM
el stored in the colour-RAM, so that incoming object for storing a depth
value for each pixel, the apparatus  data can be compared to see if it is
in front of (visible) comprising:                                       or
behind (not visible) any objects already plotted at - means for receiving
input data defining ad-  l0  that pixel location. Only if the incoming
object is visi- dresses, colour values and depth values for a  ble will the
old colour data be overwritten, and of series of pixels;
course the input depth value becomes the new cur- - means for selecting
each pixel in the series In  rent depth value. turn and
synchronouslygenerating successive     Such an algorithm can of course be
Implemented addresses, input colour values and input depth  15  in computer
software, but for high speed operation it values;
is generally necessary to perform the HSR in hard- - means forapplying the
address of each select-  ware, at the time of scan-conversion. ed pixel to
address inputs of the depth-RAM     Apart from the extra memory required
for the z- and colour-RAM;                              buffer (which is,
in any case, a diminishing burden - means for reading from the depth-RAM
the   20  with new low-cost high-density semiconductor mem- current z-value
for each selected pixel;     ory chips) z-buffer HSR has the disadvantage
of - means for comparing the current depth value   slowing down the rate at
which pixel data can be writ- with the input depth value foreach selected
pix-  ten. This is because, ratherthanjustwriting each pix- el;
el colour value as it is supplied, the HSR hardware - means for writing the
input depth values for  25  must (i) read the current z-value, (ii) compare
the z- each selected pixel Into the addressed location  values and only
then (iii) conditionally write the new of the depth-RAM and for writing the
input col-  z-value and the newcolourvalue. Each memory cycle our values
into the addressed location of the  (i) and (ill) takes a finite time, as
does the comparison colour-RAM, said means being responsive to   (ii). an
output of the comparing means so as to en-  3o  It is an object of the
invention to enable the pro- able thewriting of the inputcolourvalue
intothe  vision of an apparatus for Implementing hidden sur- colour-RAM and
of the Input depth value into  face removal which enables a faster pixel
writing rate the depth-RAM, to define a new colour value  to be achieved.
and a new depth value for a given selected pix-  One way of achieving that
object would be to use el if the input depth value represents a lesser  35
faster memories, but faster memories are of course depth than the current
depth value for that pix-  more expensive and the types of fast memories
used el.                                          for example in military
and large industrial electronic The Invention further relates to an
electronic  graphics applications are too expensive for use in graphics
system including such an apparatus.      many fields of application. An
apparatus as set forth in the opening pars-  40  It is a further object of
the invention to enable the graph is known in the art of electronic
graphics gen-  provision of an apparatus as set forth hereinbefore at
eration and is used for performing hidden surface re-  a cost compatible
with consumer and small business moval (HSR) for the two-dimensional
display of data  applications. representing three-dimensional objects. The
appara-   The invention provides an apparatus as set forth tus employs a
'depth-buffer or 'z-buffer algorithm,  45  in the opening paragraph,
characterised in that the as described for example in 'Principles of
Interactive  depth-RAM comprises a main random access array Computer
Graphics' by W. M. Newman and R. F.      and a serial access memory and In
that the apparatus Sproull, at pages 369 to 371 and in EP-A-180385.
further comprises means responsive to the input data Three-dimensional
models are created and stor-  for transferring the depth values for all
pixels in the ed, for example in a computer, and then scan-  5o  series
from the main array of the depth-RAM into the converted into
two-dimensional colour information for  serial access memory of the
depth-RAM so that in op- storage in a random access memory or frame buffer.
eration, while the input values for the given pixel are Once all the
objects to be shown have been convert-  being written into the colour-RAM
and depth-RAM, ed, the frame buffer (colour RAM) is read out accord-  the
means for reading the current depth value is en- ing to a raster-scanning
pattern, to drive a display de-  55  abled to read the current depth value
of a succeeding vice, such as a cathode ray tube (CRT). Unless the  pixel
in the series from an output of the serial access three-dimensional objects
are converted and stored  memory. in a strict order of decreasing depth
into the scene to  By overlapping the performances of the reading 2   



3                  EP 0 307 019 B1                 4 operation with that of
the writing operation for a pre-  ories operating in parallel. This enables
a further dou- ceding pixel the time taken to perform the method can  bling
of the pixel writing rate to be achieved. The proc- be made on average less
than the total of the times  ess could in principle be extended to the use
of three taken to perform the individual steps of the method for  or more
interleaved memories, but in practice syn- every pixel in the series. The
basis for this is the rec-   5   chronisation becomes increasingly
difficult ognition that for the great majority of input pixels, it  The
succeeding pixel may be the next pixel in the can be predicted what the
address of the next input  series. However, if the combined time for the
read pixel or pixels will be. Consequently, the current z-  and compare
operations for each pixel is longer than value for each input pixel can be
read and compared  that for a writing operation, it may be advantageous
with the input z-value forthat pixel in advance, during   10  if the
succeeding pixel is the second next pixel, forex- the write cycle of a
preceding input pixel. The address  ample. Similarly, If two (or three or
more) parallel is known in advance because it Is conventional forthe
memories are being used for interleaving, the suc- scan-conversion to
convert each object into raster-  ceeding pixel will generally be the
second (or third scan format by dividing the surface of the object into
etc.) next pixel, as those skilled in the art will readily strips which
correspond to series of consecutive pix-  15  appreciate. els in rows of
the memory (which rows conventionally  The means for applying the address
of each se- correspond to lines of pixels on the displayed image).  lected
pixel may include means for applying clock sig- Of course, such a saving is
not possible for the first  nals to the serial access memory to make the
current pixel in each series, but since the series will typically  z-value
for each successive pixel available In turn at contain tens or hundreds of
pixels, the use of the pi-  20  the output of the serial access memory.
pelining can substantially reduce the cycle time over-  The comparing means
may comprise a digital head for HSR.
comparator having a first input connected to the Memory chips with a main
random access array   means for generating the successive input z-values
and a serial access memory (SAM) built-in are known  and a second Input for
connection to the output of the as video-RAM or VRAM chips and for a fuller
explan-  25  serial access memory of the z-RAM. The apparatus ation of
their construction and operation the reader is  may comprise means for
connecting an output of the referred to the manufacturer's data sheets for
such  comparator to write-enable inputs of the z-RAM and devices. Examples
are the Hitachi HM53461P VRAM   colour-RAM. The use of a digital
comparator, con- and the Fujitsu MB81461 VRAM. These known         structed
forexample from TTLorfastTTLcomparator VRAM chips are designed for use as
frame buffers  30  circuits such as Signetics' 7485/74F85, provides a (such
as the colour-RAM) and allow the colour infor-  simple and economical
embodimentof the comparing mation In a main random access array to be
updated  means. at the same time as the memory is being scanned for   The
apparatus may comprise one or more the output to the display. In that
application,.entire  clocked latches for synchronising data applied to the
rows of pixal data, corresponding to all or part ofa dis-  35  colour-RAM
and z-RAM with the signals applied to play line, are transferred in
parallel to the SAM, which  the address inputs of the colour-RAM and z-RAM
re- comprises a shift register. The data bytes are then  spectively and
with signals applied to control inputs shifted in turn to a serial access
port at the display  of those RAM'S. This allows the meansforgenerating
pixel rate, while normal read/write access to the main  the inputdata and
address values tooperate substan- array can proceed independentlyvia a main
data port.  40  tially independently of the detailed synchronisation of
VRAM chips and their uses are discussed in Electron-  the subsequent
operations of the apparatus. The ic Design, Vol. 31, No. 17, August 1983,
pages 161-  latches may be constructed forexample outof readily 172.
available TTL or fast-TTL chips. The Invention is based on the recognition
that It  The apparatus may comprise a sequencing cir- is possible to use
these known VRAM chips to imple-  45  cuit for applying control signals to
the colour-RAM ment a pipelined depth bufferfor HSR, if the serial so-  and
z-RAM synchronously with the selection of the cess port is used
sychronously with the writing oper-  pixels of the series. The sequencing
circuit may for ations to the main array to extract the currrent z-val-
example comprise a custom or semi-custom integrat- ues from the main z-RAM
array rather than for repet-  ed circuit, or a field-programmable logic
sequencer itive display refresh purposes. This avoids the need   50  (FPLS)
integrated circuitwith perhaps some addition- forexpensivefully-dual ported
memoriessothatsuch  al logic. an apparatus can offer a level of performance
hither-  The colour-RAM may comprise a main random to reserved to high-end
professional and military ap-  access array and a serial access memory, the
means plications at a cost more compatible with consumer  forwriting the
input colourvalues into the colour-RAM and small business applications.
55  being arranged for connection to the main array of the The invention Is
also compatible with the techni-  colour-RAM, the apparatus further
comprising a pic- que known as 'Interleaving' whereby odd and even  ture
output arranged for connection to the output of pixels In the row are
assigned to two separate mem-  the serial access memory of the colour-RAM.
The col- 3  



5                   EP.0 307 019 B1                6 our-RAM and z-RAM may
comprise one or more Iden-  nal model data rather than In the form of
two-dimen- tical integrated circuit memories. The use of identical  sional
Images. In that case, the data corresponds to memory chips to construct
both the z-RAM and col-  a three-dimensional model containing objects which
our-RAM avoids the need to generate signals con-  are typically broken down
into groups of polygonal forming to different Interface requirements since
5   surfaces in a three-dimensional co-ordinate space common signals can be
used by both fora substantial  (triangular or quadrilateral surfaces for
example). portion of the operations required, while the serial ac-  The
data for each object in the model comprises a list cess port of the
colour-RAM can be used for its in-  giving the position and nature of every
polygon that tended purpose as a display output without interfering  goes
to make up the object, including the relative pos- with the HSR.
10  itions of its vertices and the colour, or 'texture' or The invention
still further provides an electronic  tranparency of the polygon surface.
graphics system including an electrical circuit appa-  The CPU 3 and the
other components of the sys- ratus in accordance with the present
invention. Such  tem  then translate this three-dimensional mod- a system
may be used in many of the applications nor-  el 'world' into a
two-dimensional view for the user, mally associated with electronic
orcomputergraphics   15  from whatever viewpoint the user chooses. systems,
such as computer-aided design, computer      The ROM 5 and RAM 6 provide
programme mem- simulations, entertainment, in which the use of the  ory and
workspace for the CPU 3, which may com- present invention enables provision
of capabilities  prise a microprocessor, such as a Motorola MC68020.
previously only available in more expensive systems.  Special processing
hardware 7 may be provided to Embodiments of the invention will now be
descri-  20  assist the CPU 3 to perform the large number of ar- bed,
bywayofexample, with reference to the accom-  ithmetic operations required
to convert all butthesim- panying drawings, in which:-
plest models into a two-dimensional scene. The op- Figure 1 is a schematic
blockdiagram of an elec-  erations required of a typical system will be
described tronic graphics system in accordance with the  hereinafter, with
reference to Figure 2. The hardware present invention;
25  7 may comprise TTL arithmetic circuits, connected to Figure 2is a flow
chartshowing amethod of proc-  the CPU 3 via a VME bus connection, or it
may alter- essing model data prior to display;            natively include
custom-built or programmable digital Figure 3 Is a schematic block diagram
of a part of  signal processing (DSP) Integrated circuits. The na- the
system of Figure 1;                        ture of the hardware 7 (if
required at all) will depend Figure 4 Is a more detailed circuit diagram of
the   30  on the requirements of the system, for example with part shown in
Figure 3; and                    respect to speed, resolution, number of
polygons per Figure 5 shows waveforms at various points in  scene, etc..
the circuit of Figure 4.                          Drawing hardware 8 is
connected between out- Figure 1 is a block diagram of a graphics system
puts of the CPU 3 and inputs of a display RAM 9. The In accordance with the
present invention. A keyboard  35  RAM 9 stores pixel data in raster-scan
format, and the 1 and graphic digitiser tablet 2 provide input from a  data
includes three colour values for each pixel. The user to a central
processing unit (CPU) 3. The graphic  colour values stored could typically
be three 8-bit val- tablet may be used for 'drawing' input images to be
ues (total 24 bits) corresponding to red (R) green (G) manipulated by the
system, in a known manner. Other  and blue (B) components of the desired
Image, but in input devices may also be used, of course, such as a   40
other embodiments, the 24 bits might define the joystick, trackerball or a
'mouse'. Such devices may  same colour encoded as HSV (Hue, Saturation, Lu-
also be used to manipulate images created by rotat-  minance) values, which
simplifies calculations of ing, zooming etc.. In general, such devices are
more  lighting effects as Is known in the art. Other colour convenient to
use than a conventional keyboard    coding systems such as YUV orYIQ
(Luminance plus alone.                                        45  two
colour-difference signals) could also be used if The CPU 3 is also
connected via a bus 3A (for ex-  desired. For simple monochrome images, of
course, ample a VME bus) to a disc store 4, a ROM 5 and a  a single
grey-scalevalue of say 8 bitswould be all that RAM 6. The disc store, which
may include magnetic  is required. floppy discs, hard discs, andloroptical
memory discs,  A timing unit 10 generates signals to co-ordinate is used
for storing data (for example complete or part  5o  the transferof the
pixel data within the RAM 9 to a dis- images, or sequences of images) which
can then be  play screen 11. In response to these signals, the lo- recalled
and manipulated to generate new images as  cations in the RAM 9 are scanned
row by row and col- desired. Such data may Include the user's work from
umn by column and the colour values read are fed to previous Input
sessions, but it may also include com-  a colour look-up table (CLUT) 12.
The CLUT 12 need mercially generated data, for example images for use  55
not be provided if RGB values are stored, but if one in interactive
computer-aided design or computer  of the other colour codes is used as
described here- simulations. To allow modelling of three dimensional
Inbefore, the CLUT translates the 24-bit colour signal objects, such data
will generally be stored as polygo-  (HSVYUV etc.) for each pixel Into the
equivalent 4 



7                  EP 0 307 019 B1                 8 three 8-bit RGB
signals, which are then input to three  also includes processing to perform
shading of ob- 8-bit digital to  analogue  converters  (DACs)    jects to
account for complex lighting information, as 13R,13G,13B. The analogue
outputs of the DACs     well as to perform hidden surface removal (HSR).
drive a cathode-ray tube (CRT) display screen 11,     Figure 3 shows
schematically the connections which, directly or indirectly, receives
timing signals   5   between the CPU 3, the drawing hardware 8 and the
(SYNC) from the timing unit 10, so that the CRT   display memory 9 in the
system of Figure 1. The CPU beams scan the screen line by line, pixel by
pixel, in  3 communicates via the bus 3Awith an arithmetic and step with
the scanning of the RAM 9. In other embodi-  logic unit 42, which has an
address (XY) output 44, ments, according to display requirements, the CRT
a colour (RGB) output 46 and a depth (Z) output 48. display could clearly
be replaced by a different type  10  The address (X,Y) is applied as
required to the ad- of display device, for example a liquid crystal display
dress inputsofthe display memory 9 which In this em- (LCD) or a
projection-type display.               bodiment comprises two separate
display (colour) Figure 2 is a flow diagram showing the process  memories
DM1 and DM2. The colour output 46 of the steps required to produce a frame
of pixels from data  ALU 42 is applied alternately to data inputs of the
Input in the form of polygonal model data. That is, the   15  memories DM1
and DM2. scene to be depicted Is described as a series of poly-  Memories
DM1 and DM2 have outputs 52 and 54 gons, each stored as a list of
coordinates (xyz) for  respectively which are alternately connected to an
each of Its vertices, together with information on the  output 56 to
provide (for example by means of the colour and other attributes of the
surface defined by  look-up table 12 and DAC'S 13 R,G,B shown in Figure the
vertices. In block 16, three-dimensional geomet-  20  1) a video output
signal. The video output scanning is ric translations are performed on all
the coordinates  performed, under control of the timing circuit 10 of
(x,y,z) of the models to determine their positions (X,Y)  Figure 1, largely
Independently of the operations to on the two-dimensional screen and their
depth Z 'In-  write the data Into the memories DM1 and DM2, since to'the
screen. Forsimplicity, it isassumedforthe pur-  the output video signal is
derived from one of the poses of this description that Z equals zero in the
ex-  25  memories while data is being written into the other treme
foreground and increases into the distance.  memory. This is the convention
usually adopted in the art, but  The Z output 48 of the ALU 42 provides a
depth of course the Invention is readily adaptable to allow  orz-valuefor
every pixel addressed and is connected for different systems of
representing the depth co-or-  to a first Input 61 of a hidden surface
removal (HSR) dinate. The transformations will typically Involve  30
control circuit 60 and to a data Input 62 of a z-RAM translation, rotation
and perspective.            64. Aseparate data output 66 of the z-RAM 64 is
con- Next, in block 18, lighting values are used to vary  nected to a
second input 68 of the HSR circuit 60, the shading of each polygon, for
example, in accor-  which has an output 70 connected to write-enable in-
dance with a predetermined lighting direction. In  puts (WE) of both the
display memory (colour RAM) block 20, polygons which are transformed to
positions  35  9 (DM1/DM2) and the z-RAM 64. (X,Y) wholly or partially
outside the screen boundary  In operation, the ALU 42 receives XYZ
co-ordin- are 'clipped' to the screen boundary to avoid wasting  ates for
the vertices of a polygon and colour/lighting time processing redundant
information.            information for that polygon, which will make up
part In block 22, the polygons are 'scan converted' so  of a final image.
The ALU 42 includes the control cir- that they may be drawn (block 24) into
the display  40  cuitry required to perform the scan conversion which
memory. Scan conversion is a process whereby the  translates the area
covered by the projection of the pixels covered by each polygon are written
row by row  polygon in the X-Y plane into a sequence of pixel ad- and pixel
by pixel, in the same way that the complete  dresses XY according to a
systematic line-by-line, image will be scanned for output to the display.
The  pixel-by-pixel scan. This allows fast addressing of the colour values
can then be read row by row from the   45  memories 9, 64, because having
set up an XY ad- video RAM at the display pixel rate, fed (via the CLUT
dress for the first pixel in a series, it is then only nec- 12 if required)
to the digital to analogue converters  essary to increment the X (column)
address to ad- and converted into video signals for display on the  dress
each successive pixel in the same row (same CRT screen.
Y). The known VRAM chips support this so-cal- Some of the blocks 16 to 24
may be implemented  50  led'page-mode' addressing to allow rapid reading by
software in a computer, but for high speed opera-  and writing to their
main DRAM array. For the Hitachi tion even a fast microprocessor will
require assis-  HM 53461P-10 VRAM, for example, a random (XY) tance from
specialised hardware. The scan conver-  read or write cycle will take 190
nanoseconds (ns), sion, for example, is in this embodiment implemented  but
a page mode read or write cycle for the next and in the drawing hardware 8
to obtain sufficient speed   55  subsequent pixels in the row ((x+1,Y)
etc.) will take for the display of real-time or near real-time moving  only
70 ns per pixel. Of course, the scan-conversion images (i.e. several frames
per second). This is par-  could be performed column-by-column and row-by-
ticularly necessary as the scan conversion block 22  row, if desired, but
in either case, it will normally be 
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scan in the same orientation as the out-  312 (CLK) and 314 (START) of a
logic sequencer 110. put scan to video is performed, particularly when up-
The sequencer 110 has three outputs 316 (XiNC), dating the display memory
has to be performed at the  318 (YINC) and 324 (LOAD) which are connected
to same time as the output scan. In this way, the input  inputs of the ALUs
80, 82 and 84, while the address scan access requirements conflict as
little as possi-   5   ALU 84 has two outputs 320 (XFIN) and 322 (YFIN) ble
with the output scan requirements.            which are connected to inputs
of the sequencer 110. In the embodiment shown, the use of two mem-  The
z-ALU 80 has a 24-bit output 81 which is connect- ories DM1 and DM2 avoids
the problem of conflict be-  ed to an Input of a first docked latch 86 and
to a first tween the input to the memory and the continual out-  input of a
24-bit comparator 88. The comparator 88 put scanning, by use of a technique
known as double-  10  has a single bit output 89 which is connected to an
in- buffering. As illustrated by the connections shown by  put of a second
clocked latch 90. A 24-bit output 87 solid lines in Figure 3, while a new
image is being built  of the first latch 86 is connected to a 24-bit random
up in DM1, the display device (connected to output  access data input 92 of
a dual ported video-RAM 56) is being refreshed from an image stored in mem-
(VRAM) which forms a z-RAM 94. An output 95 of the ory DM2. For the next
frame, the connections to the   15  SAM forming part of the z-RAM 94 is
connected to a memories are swapped, as shown by the dashed      second
inputof the comparator88, the ouput95 being lines, and the display is
refreshed from memory DM1  n-bits wide and carrying in operation a series
of n-bit while the next frame Image is built up In memory  words
representing the z-values of a series of pixels, DM2. Thus the action of
writing the pixel data into eith-  where In this embodiment n=24. An output
91 of the er memory DM1 or DM2 can be performed without in-  20  second
latch 90 is connected to a write-enable input terference with the output
scan.                  of the z-RAM 94 and a write-enable Input of a second
Of course the dual-ported VRAM chips described  dual-ported VRAM,
colour-RAM 96. hereinbefore are specifically designed toallow updat-  The
colourALU 82 has a24-bitdigital RGB output ing an image stored in a single
display memory while  83 which Is connected to an Input of a third 24-bit
performing the output scan, it being necessary only  25  clocked latch 98,
which has a 24-bit output 99 con- to ensure that the drawing hardware does
not write to  nected to a 24-bit random access data input 100 of the a
particular row while that row is being transferred to  colour-RAM 96. The
addressALU 84 has two address the shift register (SAM) to refresh the
corresponding  outputs 102 and 104 (X and Y respectively) which are line of
the display. However, double-buffering is still  connected to respective
inputs 103 and 105 of an ad- used in the present embodiment because of the
pos-  3o  dress multiplexer 106. The multiplexer 106 has an ad- sibility
that some scenes may take longer than one  dress output 107 which is
connected to address in- screen refresh period to build up in the VRAM. In
a  puts of both the z-RAM 94 and the colour-RAM 96 via single-buffered
system, this would lead to disturbing  a fourth clocked latch 108. The
clocked latches may, effects on the display as the screen is first cleared
to  for example, be constructed using TTL or Fast TTL a background colour,
and then various objects appear  35  i.c.'s such as Signetics'
74374/74F374. and disappear as the Image is built up. Double-buf-  The
sequencer 110 has logic outputs 120-124 fering allows a clean,
instantaneous change from one  (RAS, CAS, DT, SC and SOE), which are
connected scene to the next, allowing reaonable continuity to be  to
control Inputs of the z-RAM 94 and/or colour-RAM achieved, forexample for
animation, even though the  96 as shown, and a further logic output 125
(MUXS) picture content changes only a few times per second.  40  which is
connected to a selecting input of multiplexer The Invention is entirely
compatible with either a two-  106. The form of the signals produced at
these out- memory (double-buffered) system or a single mem-  puts will be
described hereinafter, with reference to ory system, and In the following
more detailed de-  Figure 5. The sequencer 110 may be a custom-built
scription, the detail of Interaction with screen refresh  circuitusing
TTLcomponents, forexample, but in this functions will not be further
described.     45  embodiment the sequencer 110 comprises a field It will
be apparent to those skilied in the art that  programmable logic sequencer
(FPLS) with addition- the z-RAM 64 need not be doubled-buffered, since  al
logic gates as described hereinafter. The FPLS the same z-memory space can
be used for every     comprises one or more FPLS chips such as Signet-
frame. This is because the z-values it contains do not  Ics' PLS105, which
contains a field-programmable need to be scanned to produce the
two-dimensional  5o  logic array (FPLA) togetherwith feedback registers to
display, they are used onlyto determine thefinal con-  provide a direct
implementation of a synchronous tents of the colour-RAM  before displaying
each   state machine. Additonal logic gates are used to drive frame.
outputs 121 (CAS) and 123 (SC) by gating outputs of Figure 4 shows the
circuit of the drawing hard-  the FPLS with a free-running clock signal
(CLK). ware in more detail. The ALU 42 of Figure 3 is formed  55  As
described hereinbefore with reference to Fig- by a z-ALU 80, a colour ALU
82 and an address ALU  ure 3, the colour-RAM 96 is actually one of two mem-
84, which have data inputs connected to the CPU bus  ories (DM1 and DM2)
which are used alternately. A 



3A. The bus 3A also provides signals to two inputs  display timing circuit
126 (shown dotted) is equivalent 6    11                 EP.0307019B1
12 to circuit lO in Figure 1 and Is connected at 128 to con-  ALU 84 are
the starting row (top Y), finishing row (bot- trol Inputs of the colour RAM
96. A 24-bit serial RGB  tom Y), the boundaries of the shape within the
starting output 129 Is connected to a data output 127 (SIO) of  row (left
X, right X) and the slope of the left hand and the colour-RAM 96 (shown
dotted, as In Fig. 3) for re-  right hand edges of the shape (eft X
increment and freshing the display in alternateframe periods. These   5
right X increment). The address ALU 84 contains the features of
construction and operation are transpar-  necessary incrementers and
counters then required ent to the drawing hardware. The serial access mem-
to generate the pixel addresses (XY) required to scan ory (SAM) and serial
port (SIO) of the colour-RAM 96  the area of the shape, under control of
the sequencer are used in the conventional manner to transfera line  110.
of pixels from the main DRAM array and shift the col-  10  Similarly, the
z-ALU 80 is loaded with an Initial z- our values out, pixel-by-pixel In
response to address  value for the shape, and with slopes for Z in the
X-di- and clock signals from the circuit 126. These opera-  rection (along
the rows) and in the Y-directIon (down tions are fully described in the
manufacturer's data  the columns). The colourALU 82 is loaded with RGB
sheet for the VRAM chosen, for example the Hitachi  colour values for the
top left pixel and 'slopes'forthe HM53461P. The timing control circuit 126
may be Im-  15  RGB values in theX- and Y-directions, to allowa grad-
plemented using a commercially available Video Sys-  ual variation of
shading across the surface of the tern Controller chip such as Texas
Instruments' TMS  shape to be obtained. 34061, which can make use of the
features of the      Once these initial values and slope parameters known
dual-ported VRAM chips.                     have been supplied to the ALUs
via the bus 3A, the The names used In this description for the inputs  20
CPU 3 causes a start signal ST tobe applied to the and outputs of the RAMS
94 and 96 are those used  input 314 of the sequencer 110, and the circuit
of Fig- in the above mentioned data sheet Similar devices  ure 4 then
operates substantially autonomously, syn- are available from other
manufacturers which have  chronously with the cycles of a dock signal CLK
at very similar Inputs and outputs, but with slightly dif-  312, to draw
the complete shape without further ref- ferent names. Examples are the
Fujitsu MB81461   25  erence to the CPU 3, as follows. and Advanced Micro
Devices' Am90C644. All three       Upon receiving the signal ST from the
bus 3A, the devices have a main DRAM array of 65536 (64K) lo-  sequencer
110 generates a signal LOAD at its output cations, each holding 4 bits of
data. Thus, to hold, for  324, which causes the ALUs 80, 82, 84 to transfer
to example, a 24-bit z-value and a 24-bit colour value  their respective
counters and incrementers the val- (double-buffered) for each of 64K pixels
requires  3o  ues for XYZ and colour for the first pixel in the first
(24+(2x24))/4 oreighteen VRAM chips of the type de-  series to be written.
scribed, six for the z-RAM and six for each colour-   The operation of the
circuit of Figure 4 to write a RAM (DM1 and DM2).
representative series of pixels into the colour-RAM 96 Each 64K array is
arranged In 256 rows by 256   in accordance with the present Invention will
now be columns of 4-bit locations, each addressed by means   35  descrbed,
with reference also to the waveform dia- of an 8-bit row address (RA) and
an 8-bit column ad-  gram of Figure 5. In the particular example of the se-
dress (CA), which are applied in turn to the 8-bit ad-  quence shown in
Figure 5, six pixels in a rowY are to dress Input (err) of the chip. The
serial access  be modified in accordance with az-buffer algorithm, memory
(SAM) is a 256 by 4-bit shift register, clocked  starting with the pixel at
address (XOY) and finishing by an independent serial dock Input SC and
providing  40  with the pixel at address (X5,Y). In response to the an
independent 4-bit output at serial output SIO. Any  signal LOAD from the
sequencer 110, the address row of 256 4-bit data can be transferred to the
SAM  AW 84 generates at its outputs 102,104 the address from the DRAM array
(Read Transfer Cycle - RTC),  (XOY), and the z-ALU 80 generates a signal Z1
at its with the row to be transferred and the starting column  output 81
while the colour ALU 82 generates a signal specified by RA and CA
respectively. The 4-bit data  45  RGB1 at its output 83. Signals Z1 and
RGB1 at this transferred from the starting column location are im-  time
are the input z-value and input colour value re- mediately available at
serial output SIO, and those of  spectively for the pixel (XOY). the next
successive locations are available in series  The sequence required to
write the series corn- in response to successive rising edges at the serial
prises two distinct memory cycles. Firstly, a Read clock input SC. In this
simple embodiment, the 256 by  50  Transfer Cycle transfers the current
z-values for the 256 locations correspond directly to a square display  row
Y from the main DRAM array Into the SAM (shift of 256 by 256 pixels, with
pixel addresses (XY) being  register) of the z-RAM 94. The row (or screen
line) is equivalent to array addresses (CARA).             specified bythe
8-bitY-output 104of the addressALU In order to initiate the drawing of a
triangular or  84vla the multiplexer 106. The sequencer 110 makes
quadrilateral shape by the hardware of Figure 4, the  55   MUXS high so
that a signal Al equal toY at the output CPU 3 (Figures 1,3) loads the ALUs
80, 82, 84 with  107 of the multiplexer Is applied to the input of latch 



parameters defining the shape via the bus 3A. In this  108 and a signal A2
emerges from the latch 108 one embodiment, the parameters loaded into the
address  clock cycle later and is applied to the address inputs 7    13
EP.0 307 019 B1                 14 [err] of both the z-RAM 94 and the
colour-RAM 96.  fine whether the data (Z2, RGB2) are written or not, With
DT low, to indicate data transfer, the row address  that is to say whether
the input pixel is visible or not strobe RAS goes low to latch the address
of the row  in the desired two-dimensional Image. Y in the z-RAM. MUXS then
goes low and the address    Without the read-out of the current z-values
for XO of the starting pixel of the series then similarly be-   5   one
pixel being performed simultaneously with the comesAl, then A2 and Is
latched bythe z-RAM as the  writing of those forthe previous pixel, the
shortest cy- column address of the starting pixel, DT returns high  cle
time per input pixel would be substantially dou- and the z-values for the
row Y are transferred to the  bled, even using the same hardware, as
illustrated by SAM, with that for the first pixel (XO,Y) being avail-  the
following example. Using the Hitachi HM53461P- able as a 24-bit parallel
signal ZS at the SIO of the z-  10  10 VRAM In page mode, the write cycle
time is 70ns RAM 94 as soon as serial output enable SOE is made  and the
Serial Read cycle time is 40ns. The time tak- low by the sequencer 110.
en to compare two z-values Is 28ns, using for exam- Secondly, the new data
is processed and the pix-  ple fast-TTL 74F85 comparator chips. This
requires a els are written using a Page Mode Write cycle (PMW),  total
cycle time of 40+28+70 = 138ns to perform the in conjunction with Serial
Read Cycles (SRC) for  15  read, compare and write operations for each
pixel. reading the current z-values. To achieve this, the se-  However,
using the arrangement described with ref- quencer 110 makes MUXS high
again, and RAS  is     erence to Figures 4 and 5, apart from an extra
cycle's made low, (with DT high this time) to address the row  set-up time
at the start of the series, the pixel cycle Y in the DRAM array. Next the
sequencer 110 makes  time for each pixel is only 70ns, namely the Page MUXS
go low and subsequently makes signal XINC   20   Mode Write cycle time,
since the read and compare go low, which enables clocking (synchronous of
the  operations (taking 40+28 = 68ns) have already been internal
incrementers and counters within the ALUs  performed during the 70ns write
cycle of the previous 80, 82, 84. Thus the address ALU 84 produces at its
pixel. Thus, particularlysince series of pixelswill gen- output 102 the
successive addresses X1, X2, X3. etc.,  erally be longer than the six
pixels of the example - while the z-ALU 80 generates the corresponding in-
25  perhaps a few hundred pixels - the use of the Inven- put z-values at
its output 81 and the colour ALU 84  tion provides z-buffered writing
without any signifi- generates the corresponding inputcolourvalues at its
cant loss of speed. Furthermore, this Is achieved eco- output 83.
nomically using standard hardware components. The signals Z1, RGBI, Al
generated by the ALUs    If the total time taken for the read and compare
are then delayed by the latches 86,90,108 to become   30  operations is
longer than one write cycle time (longer Z2, RGB2, A2 respectively, and to
be applied to the  than 70ns in the above example), the invention may
inputs of the RAMS 94 and 96. Synchronously with  still be implemented, by
using an extra set of clocked the arrival of the X-addresses (A2) at the
address in-  latches to delay the Input data by an additional clock puts
[err] of the z-RAM 94 and colour-RAM 96, the  cycle. This allows the time
for reading and comparing sequencer 110 toggles the column address strobe
in-  35  to be spread over two write cycle time periods if nec- put (CAS)
of the RAMS 94 and 96 to address the in-  essary. dividual pixel locations
XO, X1, X2 etc. In the rowYof  The sequencer 110 holds XINC low until the
ad- the DRAM array. This implements the Page Mode     dressALU 84 signals
via its output 320  FIN) thatthe Write cycles which modify the contents of
the DRAM  X address within the rowY has reached itsfinal value array
conditionally on the value of the write enable  40  (right X). Since this
Indicates the end of the series, (WE) input of the RAMS 94 and 96.
XINC returns high and the sequencer 110 strobes its To implement the
z-buffer algorithm during the  output318(YIN  )tocausetheaddressALU84toup-
PMW cycle, the sequencer 110 toggles the serial   date its row counter Y
and to cause the z- and colour clock SC to the z-RAM while SOE is held low
in order  ALUs 80, 82 to update their incrementers according to shift the
current z-values ZS out of the serial port  45  to the preset 'slope'
values for Z and colour in the Y- (Serial Read Cycles) simultaneously with
the gener-  direction. Then the sequencer 110 makes its output ation of the
input z-values Z1 at the output 81 of the  324 (LOAD) go low, causing these
new values to be z-ALU 80. The 24-bit comparator 88 can then com-
transferred to the output counters and Incrementers pare the input and
current z-values for each pixel 0-5  of the ALUs 80, 82, 84 and the
sequence just descri- in turn and generate a write-enable signal WE1 at its
5o  bed with reference to Figure 5 repeats itself for the output 89.
pixels of the next series. When all the rows of the Signal WE1 then
undergoes a clock cycle's delay  shape have been processed, the address ALU
84 de- as it passes through the latch 90 to become WE2.
tectsthatitsYaddressmatchesthepresetfinalYval- Thus, at the same time as
the addresses XO-X5 are  ue (bottom Y) and generates a signal at its output
322 supplied to the z-RAM 94 and colour-RAM 96 (signal  55  (YFIN) to stop
the sequencer 110 generating signals 



A2), the input values Z2 and RGB2 are applied to the  to process any
further series. The ALU 84 or the se- corresponding DRAM ports 92,100, and
W2 Is ap-    quencer 110 may then communicate if desired with plied
tothewrite-enable inputWE of each RAM, tode-  the CPU 3 via the bus 3A to
inform it that the shape 8    15                 EP 0 307 019 B1
16 has been written.                                         input depth
value represents a lesser depth Displays having higher resolutions than 256
by         than the current depth value for that pixel; 256 pixels can of
course be driven using more mem-    characterised in that the depth-RAM
comprises a ory chips and a suitably enlarged address space. For  main
random access array and a serial access example, to display 256 rows by 512
pixels, the eight-   5  memory and in that the apparatus further com- een 4
x 64K chips may be doubled in number and ad-    prises means responsive to
the input data for dressed so as to divide each row of 512 pixels (0-511)
transferring the depth values for all pixels in the between two groups of
chips. One group of chips may  series from the main array of the depth-RAM
into serve pixels 0-255 on each row while the other group  the serial
access memory of the depth-RAM so serves pixels 256-511. To allow greater
speed, how-  10  that in operation, while the input values for the ever,
one group may serve the even-numbered pixels    given pixel are being
written into the colour-RAM 0-510 while the other serves the odd-numbered
pix-    and the main array of the depth-RAM, the means els 1-511. This
allows interleaving of the writing oper-  for reading the current depth
value is enabled to ation so that, although each group can only operate
read the current depth value of a succeeding pixel at 14 MHz (7Ons cycle
time), writing to the two groups  15  in the series from an output of the
serial access alternately with staggered timing can achieve an ef-  memory.
fective 28 MHz pixel rate. Output scanning may also be interleaved to
achieve a display pixel rate of up to  2. An apparatus as claimed In Claim
1, wherein the 50 MHz (serial read cycle time 40ns). Extension of the
succeeding pixel Is the next pixel in the series. number of rows Is of
course equally straightforward,  20 with or without interleaving of the row
addresses.  3. An apparatus as claimed in Claim 1 or Claim 2, wherein the
means for applying the address of each selected pixel includes means for
applying Claims                                                clock
signals to the serial access memory to 25      make the current depth value
for each successive 1. An apparatus for modifying data stored In a ran-
pixel available in turn at the output of the serial dom access memory, the
data corresponding to      access memory. one or more rows of pixels of a
stored image, the memory comprising a colour-RAM for storing a   4. An
apparatus as claimed in any of Claims 1 to 3 colour value for each pixel
and a depth-RAM for  30  wherein the comparing means comprises a digital
storing a depth value for each pixel, the appara-  comparator having a
first input connected to the tus comprising:
means for generating the successive input depth - means for receiving input
data defining ad-   values and a second input for connection to the
dresses, colour values and depth values for   output of the serial access
memory of the depth- a series of pixels;                   35      RAM. -
means forselecting each pixel in the series in turn and synchronously
generating suc-  5. An apparatus as claimed in Claim 4 comprising cessive
addresses, input colour values and    means for connecting an output of the
compara- input depth-values;                          tor to write-enable
inputs of the depth-RAM and - means for applying the address of each se-
40  colour-RAM. lected pixel to address inputs of the depth- RAM and
colour-RAM;                       6. An apparatus as claimed in any of
Claims 1 to 5 - means for reading from the depth-RAM the      comprising
one or more clocked latches for syn- current z-value for each selected
pixel;      chronising data applied to the colour-RAM and - means for
comparing the current depth val-  45  depth-RAM with the signals applied to
the ad- ue with the input depth-value for each se-    dress inputs of the
colour-RAM and depth-RAM lected pixel;
respectively and with signals applied to control - means for writing the
input depth values for  inputs of those RAMs. each selected pixel into the
addressed loca- tion of the depth-RAM and forwriting the in-  5o  7. An
apparatus as claimed in any of Claims 1 to 6 put colour values into the
addressed loca-    comprising a sequencing circuit for applying con- tion
of the colour-RAM, said means being     trol signals to the colour-RAM and
depth-RAM responsive to an output of the comparing      synchronously with
the selection of the pixels of means so as to enable the writing of the in-
the series. 



put colour value into the colour-RAM and of  55 the input depth value Into
the depth-RAM,  8. An apparatus as claimed in any of Claims 1 to 7, to
define a new colour value and a new        wherein the colour-RAM comprises
a main ran- depth value for a given selected pixel If the  dom access array
and a serial access memory, 9    15                 EP 0 307 019 B1
16 has been written.                                         Input depth
value represents a lesser depth Displays having higher resolutions than 256
by        than the current depth value for that pixel; 256 pixels can of
course be driven using more mem-  characterised in that the depth-RAM
comprises a ory chips and a suitably enlarged address space. For  main
random access array and a serial access example, to display 256 rows by 512
pixels, the eight-   5  memory and in that the apparatus further com- een 4
x 64K chips may be doubled In number and ad-   prises means responsive to
the Input data for dressed so asto divide each row of 512 pixels (0-511)
transferring the depth values for all pixels in the between two groups of
chips. One group of chips may  series from the main array of the depth-RAM
Into serve pixels 0-255 on each row while the other group  the serial
access memory of the depth-RAM so serves pixels 256-511. To allow greater
speed, how-  10  that In operation, while the input values for the ever,
one group may serve the even-numbered pixels   given pixel are being
written into the colour-RAM 0-510 while the other serves the odd-numbered
pix-   and the main array of the depth-RAM, the means els 1-511. This
allows interleaving of the writing oper-  for reading the current depth
value is enabled to ation so that, although each group can only operate
read the currentdepth valueofa succeeding pixel at 14 MHz (7Ons cycle
time), writing to the two groups  15  in the series from an output of the
serial access alternately with staggered timing can achieve an ef-  memory.
fective 28 MHz pixel rate. Output scanning may also be interleaved to
achieve a display pixel rate of up to  2. An apparatus as claimed in Claim
1, wherein the 50 MHz (serial read cycle time 40ns). Extension of the
succeeding pixel is the next pixel in the series. number of rows is of
course equally straightforward,  20 with or without interleaving of the row
addresses.  3. An apparatus as claimed in claim 1 or Claim 2, wherein the
means for applying the address of each selected pixel Includes means for
applying Claims                                               clock signals
to the serial access memory to 25      make the current depth value for
each successive 1. An apparatus for modifying data stored in a ran-  pixel
available in turn at the output of the serial dom access memory, the data
corresponding to      access memory. one or more rows of pixels of a stored
image, the memory comprising a colour-RAM for storing a  4. An apparatus as
claimed in any of Claims 1 to 3 colour value for each pixel and a depth-RAM
for  3o  wherein the comparing means comprises a digital storing a depth
value for each pixel, the appara-  comparator having a first Input
connected to the tus comprising:                                   means
for generating the successive input depth - means for receiving input data
defining ad-  values and a second input for connection to the dresses,
colourvalues and depth values for   output of the serial access memory of
the depth- a series of pixels;                  35      RAM. - means for
selecting each pixel in the series in turn and synchronously generating
suc-  5. An apparatus as claimed in Claim 4 comprising cessive addresses,
input colour values and   means for connecting an output of the compara-
input depth-values;                          tor to write-enable Inputs of
the depth-RAM and - means for applying the address of each se-  40
colour-RAM. lected pixel to address Inputs of the depth- RAM and
colour-RAM;                       6. An apparatus as claimed In any of
Claims 1 to 5 - means for reading from the depth-RAM the     comprising one
or more clocked latches for syn- current z-value for each selected pixel;
chronising data applied to the colour-RAM and - means for comparing the
current depth val-  45  depth-RAM with the signals applied to the ad- ue
with the Input depth-value for each se-   dress inputs of the colour-RAM
and depth-RAM lected pixel;                                respectively and
with signals applied to control - means for writing the input depth values
for  inputs of those RAMs. each selected pixel Into the addressed loca-
tion of the depth-RAM and for writing the in-  5o  7. An apparatus as
claimed in any of Claims 1 to 6 put colour values into the addressed loca-
comprising a sequencing circuit for applying con- tion of the colour-RAM,
said means being     trol signals to the colour-RAM and depth-RAM
responsive to an output of the comparing     synchronously with the
selection of the pixels of 



means so as to enable the writing of the in-  the series. put colour value
into the colour-RAM and of  55 the Input depth value into the depth-RAM,
8. An apparatus as claimed in any of Claims 1 to 7, to define a new colour
value and a new       wherein the colour-RAM comprises a main ran- depth
value for a given selected pixel if the  dom access array and a serial
access memory, I 11111111111111111111111    17                  EP 0 307
019 B1                     18 the means for writing the input colour values
into     ringere Tlefe aufweist als der gegenwartige the colour-RAM being
arranged for connection to         Tiefenwert fOr dises Pixel, the main
array of the colour-RAM, the apparatus    dadurch gekennzeichnet, dag das
Tiefen-RAM further comprising a picture output arranged for   ein
Haupt-Array mit wahlfrelem Zugriff und einen connection to the output of
the serial access   c  Speicher mit seriellem Zugriff umfalt und dalB
memory of the colour-RAM.                          die Vorrichtung
aulgerdem auf die Eingangsdaten reaglerende Mittel zur Obertragung der
Tiefen- 9. An apparatus as claimed in any of Claims 1 to 8,   werte fOr
alle Pixel in der Folge aus dem Haupt- wherein the colour-RAM and depth-RAM
com-          Array des Tiefen-RAMs In den Speicher mit seri- prise one or
more identical integrated circuit  1o  ellem Zugriff des Tlefen-RAMs
umfalt, so dales memories.                                          beim
Betrieb, wahrend die Eingangswerte fOrdie gegebenen Pixel in des Farb-RAM
und das Tie- 10. An electronic graphics system including an appa-  fen-RAM
geschrieben werden, den Mittein zum ratus as claimed in any of Claims 1 to
9.          Lesen des momentanen Tiefenwertes erm5glicht 15      wird, den
momentanen Tiefenwert eines nachfol- genden Pixels in der Folge aus einem
Ausgang Patentanspriche                                       des Speichers
mit seriellem Zugriff zu lesen. 1. Vorrichtung zur Verinderung von in elnem
Spel-  2. Vorrichtung nach Anspruch 1, in der das nachfol- cher
mitwahlfreiem Zugriff (RAM) gespeicherten   20  gende Pixel des nachste
Pixel In der Folge let. Daten, wobel die Daten elner oder mehreren Zel- len
aus Pixeln eines gespelcherten Bildes ent-  3. Vorrichtung nach Anspruch 1
oder 2, In der das sprechen, der Speicher ein Farb-RAM zur Spei-
Mittel zurZufihrung derAdressejedes selektier- cherung eines
Farbwertesffurjedes Pixel und ein    tn Pixels Mittel zur Zuf~hrung von
Taktsignalen Tiefen-RAM zur Speicherung elnes Tiefenwertes  25  zum
Speichermit seriellem Zugriff beinhaltet, um f~rrjedes Pixel umfal~t und
die Vorrichtung folgen-  den momentanen Tiefenwert fOr jedes aufeinan- des
umfalt                                         derfolgende Pixel
nacheinanderam Ausgang des - Mittel zum Empfang von Eingangsdaten,
Spebchers mit seriellem Zugrffzur VerfOgung zu die Adressen, Farbwerte und
Tiefenwerte       stellen. fOr elne Folge von Pixein definleren;  30 -
Mittel zur abwechselnden Selektion jedes   4. Vorfichtung nach Anspruch I
bis 3, in der die Ver- Pixels in der Fdge und zur synchronen Er-
glechesmittel einen digitalen Komparator umfas- zeugung von
aufeinanderfolgenden Adres-       sen, der einen ersten mit den Mitteln zur
Erzeu- sen, Eingangsfarbwerten und Eingangstle-      gung der
aufeinanderfolgenden Tiefenwerte ver- fenwerten;
35      bundenen Eingang und einen zweiten Eingang - Mittel zur Zuf~hrung
der Adresse jedes se-    zur Verbindung mit dem Ausgang des Speichers
lektierten Pixels zu AdreSeingfngen des       mit seriellem Zugriff des
Tiefen-RAMs hat. Tiefen-RAMs und des Farb-RAMs; - Mittel zum Auslesen des
gegenwartigen z-   5. Vorrichtung nach Anspruch 4 mit Mitten zurVer- Wertes
fOr jedes selektierte Pixel aus dem   40  bindung eines Ausgangs des
Komparators mit Tiefen-RAM;
Schreibfreigabe-Eingangen des Tiefen-RAMs - Mittel zum Vergleich des
gegenwartigen        und des Farb-RAMs. Tiefenwertes mit dem Tlefenwert fOr
jedes selektierte Pixel;                         6. Vorrichtung nach einem
derAnsprrche I bis 5 mit - Mittel zum Schrelben der Eingangstlefen-  45
einem oder mehreren getakteten Latches zur werte fOr jedes selektierte
Pixel in den      Synchronisation von dem Farb-RAM und dem adressierten
Speicherplatz des Tiefen-        Tiefen-RAM   zugefihrten  Daten  mit den
RAMs und zum Schreiben der Elngangs-          Adreleingangen des Farb-RAMs
beziehungs- farbwerte in dem adressierten Speicher-       weise des
Tiefen-RAMs zugeffhrten Signalen platz des Farb-RAMs, wobel die genannten
so  und mit Steuereingangen dieser RAMs zugeffhr- Mittel auf ein
Ausgangssignal der Ver-        ten Signalen. gleichemittel ansprechen, um
das Schrei- ben des Eingangsfarbwertes in des Farb-    7. Vorrichtung nach
einem derAnsprOche I bis 8mit 



RAM und des Eingangstiefenwertes in das       einer
Ablauftseuerungsschaltung zur Zuf~hrung Tiefen-RAM zu erm8glichen, um einen
neu-  55  von Steuersignalen zum Farb-RAM und zum Tie- en Farbwertund einen
neuen TiefenwertfOr      fen-RAM synchron mit der Selektion der Pixel der
eln gegebenes selektlertes Pixel zu definie-  Folge. ren, wenn der
Eingangstiefenwert eine ge- 10 IIIIjIIj 11111   11111 111111    19
EP,0 307 019 B1                20 8. Vorrichtung nach olnem derAnsprdche 1
bis 7, In        maniere a pormettre l'ecriture de la valour der das
Farb-RAM elnen Haupt-Array mit wahl-          de couleur d'entree dane la
m6moire RAM frolem Zugriff und oinen Speicher mit seridllem       de
couleur et de la valour de profondeur Zugriff umfa~t, wobel die Mittol zum
Schreibon        d'entree dons la m6moire RAM de profon- der
Eingangsfarbwerte In das Farb-RAM zurVer-   5     dour afin de dhfinir une
nouvelle valour de bindung mit dem Haupt-Array des Farb-RAMs
couleur et une nouvelle valour de profon- angeordnet sind, und wobel die
Vorrichtung au-        dour pour un pixel s6lectionn6 donne sl la Berdem
einen Bildausgang umfa~t, der zur Ver-         valeur de profondour
d'entree represente bindung mit dem Ausgang des Spoichers mit so-
une profondour moindre quo la valour de riellem Zugriff des Farb-RAMs
angeordnet Ist.   10    profondour couranto pour co pixel, caracterise en
co quo la memoire RAM de 9. Vorrichtung nach elnem der Ansprflche I bis 8,
profondeur comprend un reseau a acces aleatoi- wobel das Farb-RAM und das
Tefen-RAM einen       re principal et une memoire a acces sequentiel et
oder mehrere identische Integriertb-Schaltung-    en co quo l'apparell
comprend, en outre, des Speicher umfassen.                        15
moyens sensibles aux donnees d'entr6e pour transferer los valeurs de
profondeur pour tous les 10. Elektronisches Grafiksysmt, das sine Vorrich-
pixels de la sie du reseau principal de la memol- tung nach olnem der
Ansprflche 1 bis 9 enthalt.  re RAM de profondeur dane la memoire a accrs
sequentlel de la memoire RAM de profondeur, de 20     tells sorte quo, en
service, tandis quo les velours Rovendlcatlons
d'entree pour la pixel donne sont ecrites dane la memoire RAM de couleur et
dane la memoire 1. Appareil permettant de modifier les donnees       RAM de
profondeur, les moyens de lecture de la stockees dane une memoire a ecces
aleatoire,      velour, de profondeur couranto solont valdes les donnees
correspondant a une ou plusleurs II-  25  pour lire le valeur deo
profondeur courante d'un gnes de pixels d'une image stockee, la memoire
pixel suivantde la serie a partird'une sortie de la comprenant une memoire
RAM de couleur pour        memolre a acces sequentiel. stocker une velour
de couleur pour chaque pixel et une memoire RAM de profondeur pour stocker
2. Apparell solon la revendication 1, dens loquel le une valour de
profondeur pour chaque pixel, I'ap-  30  pixel suivant est Is pixel suivant
de la serie. parell comprenant: - des moyens pour recevoir des donnees
3. Appareil selon la revendicatlon I ou 2, dans le- d'entrhe definissant
des adresses, des va-   quel les moyons d'appllcation de l'adresse de leurs
de couleur et des velours de profon-   chaque pixel selectionne comprennent
des dour pour une serie de pixels;       35      moyens pour appliquer des
signaux d'horloge a - des moyens pour sblectlonner chaque pixel    la
memoire a acces shquentiel pour rendre la va- de la serie toura touret
pourgenerorde me-   leur de profondeur courantb de chaque pixel suc- nibre
synchrone des adresses, des velours    cessif disponible tour a tour a la
sortie de la me- de couleur d'entree et des velours de pro-   moire a ecces
sequentiel. fondour successives;                 40 - des moyens pour
appliquer l'adresse de    4. Apparell solon l'une quelconque des revendica-
chaque pixel selectionne a des entrees       tions 1 a 3, dens loqudl les
moyens de comparal- d'adresse de la mhmoire RAM de proton-       son
comprennent un comparateur numerique dour et de la mdmoire RAM de couleur,
ayant une premiere entree connectde  aux - des moyens pour lire dens la
mhmolre RAM   45  moyens de ghneration des valeurs de profondeur de
profondeur la velour z couranto pour      d'entree successives et une
deuxieme entree A chaque pixel selectionnA;                    connecter a
la sortie de la memoire A acces sm- - des moyens pour comparer la valourde
pro-    quentiel de la memoire RAM de profondour. fondeur courante a Ila
velour de profondeur d'entree pour chaque pixel selectionne;  5o  5.
Appareil solon la revendication 4, comprenant - des moyens pour ecrlre los
velours de pro-   des moyens pour connecter une sortle du compa- 



fondeur d'entree pour chaque pixel sdleo-    rateurA des entroes de
validation d'Acriture dela tionne dens l'emplacement adresse de la
memoire RAM de profondeur et de la mhmolre memolre RAM de profondour et
pour Acrire     RAM de couleur. les velours de couleur d'entree dens l'em-
55 placement adresse de la memoire RAM de    6. Apparell solon l'une
quelconque des revendica- couleur, lesdits moyens Atant sensibles a
tions I A 5, comprenant un ou plusleurs verrous une sortie des moyens de
comparaison de      a horloge pour synchroniser les donnees appli- 11    21
EP0307019B1                     22 quees a la memolre RAM de couleur et A
la m6- moire RAM de profondeuravec les signauxappli- qu6s aux entr6es
d'adressage de la memoire RAM de couleur et de la m6moire RAM de profon-
deur, respectivement, et avec des signaux appli-   c ques aux entrees de
commando de ces memol- res RAM. 7. Appareil solon l'une quelconque des
revendica- tions 1 A 6, comprenant un circuit de shquenco-  10 ment pour
appliquor des signaux de commande A la memoire RAM de couleur et A la
memoire RAM de profondeur en synchronisme avec la s6- lection des pixels de
la s6quence. 1S S. Appareil solon l'une quelconque des revendica- tions 1 A
7, dans lequel la m6molre RAM de cou- leur comprend un r6seau A acces
aleatolre prin- cipal et une memoire A acces sequentlel, les moyens
d'6criture des valeurs de couleur d'en-  20 tr6edans la memoire RAM de
couleuretantagen- che pour etre connect6s au reseau principal de la m6moire
RAM de couleur, I'appareil comprenant, en outre, une sortie d'image agenc6e
pour etre connectee A la sortie de la m6moire A acces 96-  26 quentiel de
la memoire RAM de couleur.  . 9. Appareil solon l'une quelconque des
revendica- tions I A 8, dans lequel la memoire de couleur RAM at la m6moire
RAM de profondourcompren-  9o nent une ou plusleurs memoires A circuits
int6- gr6s identiques. 10. Systbme graphique 6lectronique comprenant un
appareil selon l'une quelconque des revendica-  35 tions I A 9. 40 45 50 55
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