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H4T  1 4A1 4A2 4B1 4B2                                 (54) VIDEO DISPLAY
SYSTEM        (71)   We, MOBIL  OIL  CORPORA-  thus more expensive to
produce and suscep-     TION, a Corporation organised under the  tible of
malfunction.                          50     laws of the State of New York,
United States    The present invention provides a novel     of America, of
150 East 42nd Street, New   and improved video display system  which 5
York, New  York 10017, United States of  may be incorporated in an overall
computer     America, do hereby declare the invention,  graphics system
with man-machine inter-     for which we pray that a patent may be  active
communication. The invention enables  55     granted to us, and the method
by which it is  video display systems to be built at more     to be
performed, to be particularly described   economical cost than heretofore
by use of the 10  in and by the following statement: -        principle of
raster scan displays. A cathode       This invention relates to video
display of  ray tube display device having means for     data and more
particularly to a novel and  sweeping an electron beam in a raster scan  60
improved system for displaying data in gray  can be driven by a cyclical
storage device     scale weights in an intensity modulated raster  such as
a drum or disc. The expensive vector- 15  scan. The invention has
particular application  scope generators of the prior art can be dis-
to the display of geophysical data and especi-  posed with in applying the
present invention     ally seismic data and will be so described by
because a cyclical storage device of relatively  65     way of example in
the following.            inexpensive cost is used to generate an inten-
In this era of computer technology, it has  sity modulated display on a
cathode ray tube 20  been found desirable to have a human oper-  device and
provides sync signals for synchron-     ator interact with and communicate
with a  izing the raster scan display.     computer to optimize certain
processing and  A  digital-to-analog convertor coupled to  70     control
operations. For example, in the pro-  the cyclical storage device provides
an analog     cessing of geophysical data it is found desir-  video signal
for intensity modulating the cath- 25  able to have a geophysicist monitor
certain  ode ray beam of the display device.     processing operations
being performed by a    An interface controller provides for control-
digital computer and choose alternative pro-  ling the timing of the
various components of  75     cessing procedures in accordance with the re-
the video display system. It includes a memory     suIts produced on the
data being processed.  with an access time at least as small as the 30  An
example of this type of man-machine inter-  bit rate loading time of the
cyclical storage     active processing is described in The Journal  device
thereby bridging the time gap between     of the Society of Information
Display, Jan./  the flow rates of the data in various parts of  80
Feb., 1969, "Computer Graphics and Manu-  the system The interface
controller also in-     facturing".                                 cludes
a sector address register, a sector 35    The state-of-the-art technique
for display-  counter, and a comparator which determines     ing data in a
man-machine interactive com-  coincidence between the sector address selec-
munication system is by use of what is called  ted by a data source such as
a digital com-  85     a "vectorscope". An example of such a dis-  puter
and the sector location in the cyclical     play is described in The
Journal of the Society  storage device. When the comparator indicates 40
of Information Display, Nov./Dec., 1968, "An   coincidence between the
sector address register     Interactive  Graphics  Pattern  Recognition
and the sector counter, data are transferred     System". The conventional
vectorscope type  from the memory in the interface controller  90     of
display requires scanning of an electron  to the cyclical storage device.
beam in a cathode ray tube type display under    The cyclical storage
device can be so 45  program control which must be regenerated  designed to
record and reproduce data to be     each time a display scan is refreshed.
This  displayed on multiple display monitors. This     inherently makes the
vectorscope type of dis-  is particularly useful in a system for process-
95     play currently available more complex and  ing geophysical data
where different monitors     [Price 25p]     
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2      may be used to display geophysical data pro-  conventional vector
display unit described     cessed through different procedures.
above is designated as 28, together with its       FIGURE 1 is a block
diagram of an over-  associated alphanumeric keyboard 30, light     all
computer graphics system embodying the  pen 32, and program function
keyboard 34. A 5  invention.                                    video
display system 36 embodying the pre-  70       FIGURE 2 is a block diagram
of video  sent invention is shown in block diagram with-     display system
portion of a computer graphics  in the dashed line.     system embodying
the invention.                The video display system 36 can be des-
FIGURE 3 is a block diagram of the write  cribed in terms of the following
main com- 10  cycle part of the interface controller of  ponents:
75     FIGURE 2.       FIGURE 4 is a time diagram of the wave-    A. An
interface controller 38     forms for the write clock, load pulses, and
B. A digital disc 40 which is a specific     shift pulses.
type of cyclical storage device 15    FIGURE 5 is a time diagram  of wave-
C. A D/A  converter 42     forms for the read clock, load pulses, and shift
D. A high resolution TV  type monitor  80     pulses.
44 which is a specific type of cathode       FIGURE 6 is a block diagram of
the core          ray tube display device     memory system.
E. A graphical input device 45 20    FIGURE 7 is a time diagram of the
wave-     forms for the various signals listed in Tables    The video
display system 36 is briefly des-     1 and 2.
cribed in FIGURE 2 of the drawings. Further  85       FIGURE 8 is a time
diagram of the wave-  details of each of the components will be     forms
for the various signals listed in Table  described in the following. 25  3
at the start of a revolution of the digital     disc.
A. The Interface Controller       FIGURE 9 is a time diagram similar to
The controller 38 can be considered in     FIGURE 8 at the instant of
generation of a  several different parts, namely:              90
sector pulse (except for the sector located at 30  the track origin).
1. A write cycle part       FIGURE  10 is a diagram  of the sector    2. A
read cycle part     layout on the digital disc.                     3. A
core memory system 46       FIGURE  11 is a timing diagram  of the       4.
Timing and control circuits 48     waveforms for the vertical and
horizontal 35  blanking pulses at the start of the track origin    1. The
Write Cycle Part               95     of the digital disc.
The controller 38 must instruct the com-        FIGURE 12 shows the
vertical and hori-  puter 20 when and where to store the data     zontal
blanking pulses at 180[err] from the track  in the core memory system 46,
when to take     origin.                                      this stored
data in core memory system 46 40    FIGURE  13 is a block diagram  of the
and where to store it on the disc 40. Once the  100     logic circuits in
the interface controller used   data have been stored on the disc 40, the
for recording a seismic trace in the proper  display on the TV monitor 44
will be auto-     sector.                                      matically
generated and refreshed periodically.        FIGURE  14 is a block diagram
of the  The controller will shape the various pulses 45  circuits in the
interface controlled used for  to the necessary requirements and time these
105     generating horizontal and vertical sync pulses  pulses with respect
to each other. Counter,     for the display monitor.
comparators, and delay lines used with inte-        FIGURE 15 is a block
diagram of the data  grated circuit make up the logic circuits.     flow to
the display monitor.                 FIGURE 3 shows a block diagram  of the
50    FIGURE  16 is a block diagram  of the   circuits involved to record a
trace on the  110     circuits used in inserting data points through
digital disc. The data content of each seismic     the graphical input
device.                  trace so stored on the digital disc is later
As a vehicle for explaining the invention,  displayed in a single line scan
on the face     a specific embodiment of the invention will  of TV monitor
44. 55  now be described with reference to the accom-   First of all, we
have to store the trace in  115     panying drawings. Specific components
and  the core memory system 46; so the computer     specifications will be
given in the following   20 must select the controller 38 and place     by
way of illustration and not limitation.  the memory system  46 in the write
cycle        FIGURE  1 shows an overall computer  mode. The computer 20
must also load a 60  graphics system capable of man-machine inter-  start
address into address register 51. The  120      active communication. The
conventional com-  controller 38 will automatically shift from      ponents
of a computer system are illustrated to  random addressing mode to
sequential address-      include a digital computer 20 serviced by  ing
mode at the proper time. This way, the      the peripheral units of a
printer 22, a type-  computer 20 needs to give only a start address 65
writer 24, and magnetic tape units 26. The  and all the other addresses
will come sequen- 125 
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3      tially. After the computer 20 has loaded the  control, but will
cause the data to be dis-  65     start address into address register 51,
it will  played at all times except when new data is     load the first
15-bit word of data in part A  being written on the disc 40.     of the
45-bit register 52; then the second      The read clock signal has the same
fre- 5   15-bit word of data in part B of register 52;  quency as the write
clock signal so the digital     and the third 15-bit word of data in part C
disc 40 supplies the five 4-bit shift registers  70     of the register 52.
70 with three 5-bit words every one-third       After register 52 has been
filled, the divide-  microsecond. The output of the shift register     by-3
counter 56 will signal the core memory   70, however, is a 5-bit word
sample and, 10  system  46 to store this 45-bit word at the  therefore,
nine samples are read out every     core storage location designated by the
start  microsecond. In order to display 500 samples  75     address. Then,
the controller 38 will switch                     500     the memory system
46 from  the random   per trace, we need -[err]    56 microseconds
addressing mode to the sequential addressing                       9 15
mode. Next, the cycle described above will  of time. The duration of each
horizontal sweep     be repeated until all samples of trace no. 1 are   of
a standard TV  monitor is approximately     stored in the core memory
system 46.          62.5 microseconds, so we have just enough       Now
that a trace has been stored in the   time to display these 500 samples and
still  80     core memory system 46 (in the core memory  have enough time
left for retrace. The read 20  itself, 50, see Figure 6) this information
must  clock signal is used to generate load and shift     then be recorded
in the proper sector of the  pulses to take the data off the disc and feed
digital disc 40.                              these 5-bit samples to the
D/A converter 42.       The computer 20 again must select the         For
every cycle of the road clock signal,  85     core memory (46) 50, which
must be in the   one load pulse is generated and three shift 25
read/restore mode. Again, we must have a   pulses.     start address and
again the random mode must    FIGURE  5 shows the time relationship     be
switched to the sequential mode at the   between these pulses.     proper
time. The computer 20 must also          The 5-bit samples going into the
D/A   90     select the sector address and place the digital  converter 42
are changed into a continuous 30  disc 40 in the write mode. When the
output  analog video signal.     of the sector counter 60 is the same as
the     All that is necessary to make the picture     sector address
register 64, the comparator 66   on the TV monitor 44 appear to be
stationary     will produce a logical "1" which will enable  to the eye is
the creation of sync pulses for  95     the digital disc 40 to record data.
The load  the monitor Each group of three 5-bit samples 35  pulses created
from the write clock track of  is read off the digital disc 40 in the
midpoint     disc 40 will cause a 45-bit word of data to  of each cycle of
the read clock signal. For     be loaded from the core memory system 46
each cycle of the read clock signal, one load     into the fifteen 4-bit
shift registers 68. For  pulse and three shift pulses are produced and  100
every three write clock cycles, one load pulse  for each 190 cycles of the
read clock signal, 40  and three shift pulses are generated.         a
sector clock pulse has been produced and       The reason for having these
shift registers  recorded on the disc 40. The track origin     and 45-bit
words is that the write clock signal  pulse is the clock source for all
timing circuits     has a frequency of 3MC but the cycle time   so the disc
40 can supply the monitor 44  105     for the core memory system 46 is one
micro-  with the necessary horizontal and vertical sync 45  second. Since
the digital disc 40 requires  pulses to "lock the picture in".
information to be recorded at three times the     speed of the core memory
system 46, the     core memory 50 supplies three 15-bit words      3.  The
Core Memory System     at a time                                       The
core memory system 46 is a Lockheed 50    FIGURE 4 shows the time
relationship of  Model  CE-124-LT   Memory   System  110     the write,
clock, load, and shift pulses.     (Lockheed Electronics Company, Los
Angeles,        The load pulses initiate the read/restore  California,
U.S.A.). Two of these systems are     cycle in the core memory system  46
which   connected together tof orm  a 4K x 48 bit     places another 45-bit
word on the line to   memory because the largest number of bits 55  the
fifteen 4-bit shift registers 68. This cycle  per word is only 36, and the
required word  115     will be repeated until all samples for that  length
is 9 samples (45-bit). (K=1000). The     trace are recorded.
system consists of a ferrite core stack, X and       We are now ready for
the second trace to   Y drivers, sink switches, inhibit drivers, sense
be read out of the computer 20 into the core  amplifiers, timing control,
and address and 60  memory system  46 and repeat these cycles  data
registers.                                  120     until all the traces
have been recorded on      As shown in FIGURE  6, the memory 



the digital disc 40.                          system 46 is functionally
organized into five
subsystems; these are the timing and control        2.  The Read Cycle Part
subsystem  80, Y-drive 82, X-drive 84, the        The read cycle part is
not under program   core memory 50, and the data subsystem 88.  125
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4       The memory system 46 has two modes of    selected location are read
and stored in the     operation                                        data
register during the read operation.  15
The contents of the data subsystem 88 are       (1) Clear/White Mode
then available to the computer 20 and the          During the clear/write
mode, an address    data are rewritten into the original memory 5     is
selected and data is applied to the core    location during the
write/restore operation.       memory  50  for storage. The  selected
20       location is cleared of existing content by a  The signals required
to control the modes       read operation and new data is stored by a  of
operation of the memory system  46 can       write operation. A clear/write
cycle period  be split into two groups. One group consists 10   is 1.0
microsecond.                           of signals supplied by the
controller 38, and                                                    the
other group consists of signals supplied  25       (2) Read/Restore Mode
to the controller 38.          During  the  read/restore  mode,  an
TABLE 1 below lists the signals supplied       address is selected, and the
contents of the   by the controller 38 and their functions.
TABLE 1                     Signal
Function            Address                   6 upper bits determine X
location.                                      6 lower bits determine Y
location.            Data                      48 bits in all can be
recorded simultaneously in one                                      core
location.            Enable                    A high signal enables the
memory system 46                                      A low signal disables
the memory system 46            Cycle Initiate            This signal
starts the memory cycle.            Read/Restore              This signal
sets memory in read/restore mode            Clear/Write               This
signal sets memory in clear/write mode            Random/Sequential
This signal changes the random addressing mode to
sequential   30    TABLE 2 lists the signals supplied to the  controller 38
together with their functions.
TABLE 2                      Signal
Function            Data                      48-bits are read out
simultaneously from core locations            Data Available
This signal indicates to the controller 38 that data is
available in the data subsystem 88.             Memory Busy
This signal indicates to the controller 38 that the memory
system is busy processing data. New operating cycles
should not be initiated by the controller 38 while re-
ceiving memory busy.   



4.  Timing and Control Circuits              buffer register 52 and control
timing circuits.        To bridge the time gap between the data       The
computer 20 reads out 3 samples (15      rate coming from the computer 20
and that  bits) at a time, but the word format for the 35  same data being
stored in the core memory  core memory system  46 is 9 samples (45  40
system  46 of the controller 38, we need a  bits) in parallel.          5
1,288,315                                         5        The timing
circuitry 48 during the read                 7 missing clock pulses, to
cre-     cycle of the digital disc 40 is the most critical         ate a
track origin pulse.     because of the high speed of operation (9     MC).
The timing diagrams for the write and    The computer 20 has to send the
following 5  read  cycles  are  shown  respectively  in  information to the
controller 38 before a trace     FIGURES 4 and 5.
can be recorded on the disc 40:              65       TABLE 3 below lists
the various pulses     and the frequencies at which they occur.      1. A
Sector address. Each trace has to be
recorded in a specific sector. All odd                     TABLE 3
numbered traces are stored serially on 10    Write Clock
2.9925 MC          one-half of the disc 40, and all even       Read Clock
2.9925 MC          numbered traces are recorded serially  70       Load
Pulses (Write Cycle)    .9975 MC           on the other half.       Load
Pulses (Read Cycle)    2.9925 MC        2. A  Write commond. This enables
the       Shift Pulses (Write Cycle)   2.9925 MC        data to be recorded
in the proper sector 15    Shift Pulses (Read Cycle)    8.9775 MC
on the disc 40. The write command       Sector Pulses                 15750
pps         automatically prevents the disc 40 from   75       Track Origin
Pulses               30 pps        reading at the same time, but the ratio
Horizontal Sync Pulses        15750 pps        of record time to read time
is so small       Vertical Sync Pulses              60 pps        that it
does not make any difference to
the eye. 20    FIGURE 8 shows the timing diagram at     the start of a
revolution of the disc 40.   During playback, the read clock signal will
80       FIGURE 9 shows the timing diagram at  clock the 15-bit parallel
output into the five     any sector pulse except the sector starting at
4-bit shift registers 70. The output of shift     the track origin.
registers 70 will be a 5-bit word (sample) at 25    To get a vertical sync
pulse at exactly 180[err]  a 9 MC rate, and this output is fed into the
from the track origin, use is made of coincid-  D/A  converter 42. The
controller 38 gener-  85     ence when the sector counter reaches the  ates
the load and shift pulses for the shift     number 262 and the bit
cell/sector counter  registers 70 from the read clock signal. The     90
reaches the number 95.                    speed of the disc 40 is 1800 rpm
or 30 revolu-                                                   tions per
second; so each revolution produces 30    B. The Digital Disc
one complete frame of information for display  90       The disc 40 is a
digital disc, Model 5208  on the monitor 44. The 525 sector clock pulses
Disc Memory (available from Data Disc, Inc.  provide the start for the
horizontal sync     Palo Alto, California, U.S.A.) and consists  and
blanking pulses which occur at a rate     of 45 data channels, 9 channels
for line draw-  of 15750 pulses per second. The track origin 35  ing
capabilities, 6 spare channels, one clock  provides the start for one of
the vertical sync  95     track with 99743 clock pulses and a 7-pulse
pulses necessary per revolution. A comparison     gap for the track origin
pulse, and one sector  network in the controller 38 determines when
track with 525 sector clock pulses. Spacing  the disc 40 is exactly
180[err] from the track     between adjacent sector clock pulses is exactly
origin and produces another vertical sync 40  190 clock pulses. The
computer 20 feeds the   pulse to create a definite interlace.     100
data to the interface controller 38 and stores     a complete trace in the
core memory system    C. The D/A Converter     46. The core memory system
46 has a cycle    The D/A converter 42 is a modified Epsco     time of one
microsecond, while the disc 40  Model 0029 (Epsco Incorporated, Westwood,
45  records information at a 3 MC rate. There-  Massachusetts, U.S.A.).
Maximum conversion     fore, 9 samples of information are stored in  rate
is 10 MC.                              105     parallel in the core memory
system 46 (45-    The digital disc 40 during the read process     bit
word). These 9 samples are read simul-  reads 15 bits in parallel (3
samples) at a 3 MC     taneously into fifteen 4-bit shift registers 68
rate into the five 4-bit shift registers 70. The 50  and the disc 40
records 3 samples (15-bit  output of these shift registers 70 is a 5-bit
words) at a 3 MC write clock rate on to 15  parallel binary word at a 9 MC
rate. This 110     parallel tracks.                             shift
register output is fed through level        FIGURE 10 shows the sector
layout on the  shifters to the input of the D/A  converter     digital disc
(referred to interchangeably as a  42. Delayed shift pulses are used to
form 



55  drum) which has:                              strobe pulses in the
converter 42.                                                     The
analog output of the converter 42  115        525 sectors around
circumference of disc  varies between plus and minus five volts,        190
bit cells per sector                   depending upon the binary value of
the input        1 bit cell for every clock pulse           which is in the
1[err] complement. The analog        525 x 190 = 99750 clock pulses around
cir-  output of the converter 42 is fed to the video 60
cumference of disc except for  input of the monitor 44.
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6        D. High Resolution TV Monitor               1. Program  selects
the graphical input  65       The monitor 44 is a modified Conrac TV
device.    Monitor Model CQF 21/N (Conrac Corpor-    2. Computer 20 sends
input request sig-    ation, Covina, California, U.S.A.) which was
nal. The combination of input device 5  modified for 525 line, 60 fields
per second       selection and input request lights a     operation. Both
horizontal and vertical sync     visual indicator reading "Press Stylus".
70     pulse inputs are external inputs separated    3. When the operator
presses the stylus,     from the video signal. The monitor shows 48
an x, y coordinate is loaded into the     lines per inch and the display
area is approxi-   output register of the graphical input 10  mately 10" x
15". This allows us to show 480       device in 220 microseconds.
seismic traces with 500 samples per trace    4. When the data ready pulse
in the  75     and 5 bits per sample. The sector clock in        graphical
input device becomes a "1",     conjunction with pulse shaping circuits of
the 10 lower order bits are transferred     the interface controller 38
provides the moni-    from its output register to the input line 15  tor 44
with horizontal sync pulses at a rate       of computer 20.     of 15750
pulses per second.                    5. The controller 38 sends an input
ready  80       The track origin channel on the disc 40 is      signal to
computer 20.     fed to pulse shaping circuits in the interface    6.
Computer 20 accepts input ready, stores     controller 38 and produces one
of the two          10 bits of information, and drops the 20  vertical sync
pulses per disc revolution. Each    input request line.     half  of  the
disc  stores   one  field    7. Thec omputer 20 sets up the second in-  85
and   for   every   revolution   of   the          put instruction and
issues another in-     disc 40, one frame is created on the monitor
put request.     44. The other necessary vertical sync pulse is    8. As
soon as the next input request pulse 25  produced by a circuit in the
interface controller  appears, the 10 upper bits are trans-     38 that
counts sectors up to 525 and a bit         ferred from the output register
of the  90     cell/sector counter 90 which counts the 190        graphical
input device 45 to the com-     clock pulses per sector. In this manner we
can    puter input time.     produce a sync pulse exactly 180[err] from the
9. The  interface  controller  38  sends 30  track origin. FIGURE 11 shows
the vertical         another input ready signal.     blanking pulse and the
horizontal blanking   10. The computer 20 accepts the input  95     pulses
at the track origin start.                  ready signal, stores the 10
upper bits,       The blanking pulses are created by feeding       and
drops the input request line.     the respective sync pulses to the proper
blank-   11. The program now changes the x value 35  ing circuit.
to the proper sector number and the y       FIGURE 12 shows the blanking
pulses at           value to the proper bit cell/sector num- 100
exactly 180 from the track origin.                ber.       The start of
the second vertical sync pulse     Use formula: bit cell/sector number=
is exactly halfway between Sector No. 262          y value 40  and 263.
This provides  a definite interlace               + remainder     for the
two fields, forming one frame on the          3     monitor.
for remainder=0 load 3 bits 001       The video signal produces the
intensity            for remainder=1 load 3 bits 010    105     modulation
signal for the cathode ray beam.          for remainder=2 load 3 bits 100
45  Since we use a 5-bit sample, we can theoretic-   12. Next, the computer
20 sends the code     ally get 32 levels of intensity. Because of the   for
the address register 51 of core     limited resolving power of the eye, we
do not     memory system 46.     need more than 5 bits per sample.
13. After acceptance, the computer sends 110     E. The Graphical Input
Device                      an address to the address register 51. 50
The graphical input device 45 is a Model         This address is the same
as the sector     2020 Grafacon digital tablet with a pen-like       number
because we will use location 0     stylus (Bolt, Beranek  and Newman, Inc.,
through 524 of the core memory system     Santa Ana, California, U.S.A.).
An operator        46 for storing the bit cell/sector num- 115     uses the
pen-like stylus to input lines, curves,  ber and the remainder for all
traces to 55  points, etc., so that zones of interest may be    be
displayed. 



displayed in superposition on a seismic cross   14. Computer 20  sends  the
code  for      section.                                           memory
clear/write cycle.        Although the stylus continuously picks up   15.
After acceptance, computer 20 sends the  120      coordinates, data input
can be controlled by       bit cell/sector number and the re-  60  the
operator; pressing down on the stylus actu-   mainder. The bit cell/sector
number de-      ates a switch within the stylus. To use the        termines
at which place in the sector      graphical input device for line drawing,
the       the remainder will be recorded. The      digital program must go
through the sequence      remainder carries the actual line in- 125
listed below:                                      formation. This
information is now in           7
1,288,315                                          7            core
storage location in core memory 50  F. Operation           equal to the
sector number in which the    1. Loading the Core Memory in the
remainder will be recorded. This infor-       Controller from the Computer
65           mation  will ultimately  produce one    Under control of the
program the computer 5        bright dot on the monitor. The informa-  20
sends the code to select the core memory           tion ready pulse will
start an initiate  address register 51, and the controller 38 sig-
clear/write cycle (1 microsecond dura-  nals its acceptance. Next, the
computer 20           tion).                                  sends the
address, and again the controller 38  70       Meanwhile, the system has
been reading the  signals the computer 20 that the address data 10  storage
location 0-524 of core memory 50 in  have been stored. Now the computer 20
selects     synchronism with the sector counter 60 and  the code for
sequential operation. Then the     displays each one of these dots for
every revo-  computer 20 sends the code for a memory     lurion of the disc
40. To automatically dis-  clear/write cycle. The controller 20 sets the
75     play core locations 0-524, the core memory  memory system 46 to the
clear/write mode 15  50 must be in:                                and
signals the computer 20 to go to the next       1. Read/restore mode.
step  in the program. The program  now       2. Random  mode (sequential)
(Do not  places the first data on the line. At this point           select
code for sequential).            the controller 38 continues to instruct
the com-  80       3. Not in the clear/write mode.             puter 20 to
send more data until the 45-bit 20    4. Core line display mode.
buffer register 52 is filled. Then the con-       5. The address register
51 is loaded with  troller 38 automatically initiates a clear/write
the sector counter output every sector  cycle, and the 45-bit word is
stored in core           advance pulse.                          memory
system 46. The data available pulse  85       6. The output of the memory
(bit cell/sec-  from the core memory system 46 will switch 25        tor
number) is compared with the out-  the memory 50 from the random mode into
put of the bit cell/sector counter. At  the sequential mode at the right
time, if the           Coincidence of the two registers, a load  sequential
mode has been selected. In the           pulse and 3 shift pulses are
created.  sequential mode the address register 51 of the  90           The
pulse loads the remainder (001,  memory system 46 is automatically advanced
30        010, 100) in the 4-bit shift register 68.  each time a
clear/write cycle is initiated. The           The three shift pulses shift
the re-  memory busy signal can "hold up" the pro-           mainder out to
a one-shot multivibrator  cess if the computer 20 can supply data faster
whose output is fed into the video in-  than one microsecond per word. The
program   95           put.                                    control in
the computer 20 keeps track of how 35    If the programe at this time has
sent a read/  many samples have been sent to the core     restore code and
a core line display code, then  memory 50. When all samples of a given
trace     we can go back to step 2 and repeat this loop  have been stored
in the core memory 50, the     until the operator decides he has enough
points  computer 20 will produce a termination code  100     and accepts
the line. If he does not like part  pulse. This pulse will reset all the
necessary 40  of the line, all he will have to do as far as the  flip-flops
in the controller 38. The data stored     display is concerned is to draw
that piece of  in core memory 50 are ready to be recorded     the line
where he wants it. The system auto-  in the proper sector on the disc 40.
matically effects erasure of the old points in   23 Loading the Disc from
the Core 105     question and stores the new ones.
Memory in the Controller 45    Referring to FIGURE 16, when the opera-
The computer 20 will select the address     tor pushes the accept button
104, all the  register 51 in core memory system 46. The     data for that
particular line which have been  controller 38 will signal the computer 20
that     scored in core locations 0-524  must be  the address register 51
has accepted its selec- 110     recorded on disc 40 at the proper time. The
tion. Next, the computer 20 places the actual 50  write enable gate 105
should show a "1" only  address on the line. The controller 38 stores
at the time of coincidence between the bit  the address in the address
register 51. The con-     cell/sector number stored in core memory 50
troller 38 then signals the computer 20 that     and the bit cell/sector
counter 90. So, the write  the address has been accepted. Now the com- 115 



enable gate 105 will be up for one bit cell of  puter 20 selects the code
for sequential opera- 55  duration only. The one transducer head in  tion.
The computer 20 then selects the code     three which has a "1" on its
input will store a  for the core memory read/restore mode and     "1" on
disc 40 at that time. All 480 sectors  the controller 38 signals the
computer 20 that     can show one bit cell/sector number sequen-  the
memory system 46 is now in the read/ 120     tially and as each one of the
sectors comes by  restore mode. The next step in the program 60  the
transducer heads for one revolution only,  selects the sector address
register 64 and the     the remainder 001, 010, 100 will be recorded
controller 38 signals its acceptance. The pro-     on disc 40.
gram sends out the address and the controller           8
1,288,315                                           8     38 stores it in
the sector address register 64   When the disc 40 is not in the write mode,
it    and signals the computer 20 that the address  is automatically in the
read mode. The track    has been stored. Now the program  sends the  origin
pulse starts one complete revolution of  ,    code to select the write mode
for the digital  the disc 40 and one complete frame of dis- 5  disc 40. The
controller 38 decodes this code  play on the monitor 44. The track origin
pulse  70     and sets the write select flip-flop 99 to a  resets the
sector counter 60 (see FIGURE 14)     logical "1". The controller 38 does
not at this  and also produces one vertical sync pulse dur-     time signal
the computer 20 to go to the next  ing each revolution of the disc 40.
step in the program, but waits until the seis-   The sector clock pulses
are shaped by pulse 10  mic trace has been stored in the proper sector
shaper 150 to provide horizontal sync pulses.  75     on the digital disc
40 before signaling the  They produce 525 sync pulses for every revo-
computer 20 to execute the next program in-  lution of the disc.
struction. The controller 38 takes over and       To produce a vertical
sync pulse 180[err] from     sets a 1st enable flip-flop 120 to prevent the
the track origin, the sector clock pulses ad- 15  start of recording a
trace anywhere in the  vance the sector counter 60 one count for each  80
addressed sector. Thus, the start of recording  pulse. When the counter
reads 262, the com-     is ensured at the beginning of the addressed
parison network 162 will produce a logical "1".     sector. If the write
select flip-flop 99 goes  At the beginning of each sector, the bit cell/
to a "1" less than the length of one sector  sector counter is reset and
receives a maximum 20  minus one microsecond (~62.5-1  micro-  of 190 clock
pulses during the length of any  85     seconds), the trace will not be
recorded until  one sector. When the bit cell/sector counter 90     one
revolution later of the disc 40. This, of  reaches the number 95 as sensed
by compara-     course, can happen only to the first trace to  tor 97, the
pulse shaper 164 receives a second     be recorded. The second trace will
be recorded  pulse which is exactly 180[err] from  the track 25  exactly
one-half revolution of the disc 40 later  origin pulse on the disc and
produces a vertical  90     than the first trace. So we can easily record
sync pulse. This pulse will start the second     two traces per revolution
or 60 traces every  field of each frame of display. FIGURE  15     second.
With a more complicated digital pro-  shows the data path in block diagram.
The     gram, more than 60 traces can be recorded in  disc reads out 15
bits in parallel at a 3 MC 30  one second.
rate.                                          95       FIGURE  13 shows
the controller logic to       Each read clock pulse produces a load pulse
record the trace in the proper sector. When the  which stores all 15 bits
at one time in the five     addressed sector shows up, the comparator 91
4-bit shift registers 70. The load pulse is sent     goes to a "1". The
horizontal blanking pulse  through a delay circuit 168 to produce three 35
is a logical "0" for 5 microseconds' duration.  shift pulses. The spacing
between the shift 100     The first write clock pulse after the horizontal
pulses is equal to one-third of the width of a     blanking pulse has gone
by will set the divide-  clock pulse.     by-3 counter 93 to count number
1. This starts   Each shift pulse places a 5-bit word on the     the
read/restore cycle in the memory. A data  data line to the D/A  convertor
42 and each 40  available pulse is set 450 nanoseconds later by  strobe
pulse reads these 5-bit words into the  105     the memory system 46. This
pulse sets the 2nd  D/A switch network. The output of the D/A     enable
flip-flop 130 to a logical "1". Now the  converter 42 is the analog video
signal which     write clock pulses form  shift pulses for the  intensity
modulates the electron beam in the     fifteen 4-bit registers 68. The data
available  monitor 44. 45  pulses are shaped to become load pulses. The
load pulses dump the 45-bit word from  the        WHAT  WE CLAIM  IS:-
110     core memory system 46 into the fifteen 4-bit    1. A  video display
system  comprising:     shift registers 68 and each shift pulse records  a.
a cathode ray tube display device in-     a 15-bit word in each group of
15-bit cells in  eluding means for sweeping an electron beam 50  the proper
sector on the disc 40.              in a raster scan;        Meanwhile,
each clock pulse advances the       b. a cyclical storage device for
storing  115     bit cell/sector counter 90  until the right  digital data,
the cyclical storage device in-     amount of 15-bit words has been
recorded in  cluding transducer heeds for loading data in 



the sector. When the comparator 92 senses  sectors on a recording medium
and reproduc- 55  that this number has been reached, the 1st  ing timing
signals stored on the recording     and 2nd enable flip-flops 120 and 130
are re-  medium;                                        120     set and
also the write enable flip-flop 100, so   c. a digital-to-analog converter;
and     no further data can be recorded on the disc 40.    d. an interface
controller having:     At this time the controller 38 signals the com-
(1)  a memory which is capable of stor- 60  puter 20 to take the nex
program step.                   ing  digital  data  from   a  data
3. Displaying the Disc Data on the                  source;
125              Monitor                                    (2)  a sector
address register for storing        The display of the data which have been
sector addresses of the cyclical stor-     recorded on the disc 40 is
automatic without             age device on command from  the 65  control
of the computer.                                 data source;
1,288,315                                          8     38 stores it in
the sector address register 64   When the disc 40 is not in the write mode,
it     and signals the computer 20 that the address  is automatically in
the read mode. The track     has been stored. Now the program sends the
origin pulse starts one complete revolution of     code to select the write
mode for the digital  the disc 40 and one complete frame of dis- 5  disc
40. The controller 38 decodes this code  play on the monitor 44. The track
origin pulse  70     and sets the write select flip-flop 99 to a  resets
the sector counter 60 (see FIGURE 14)     logical "1". The controller 38
does not at this  and also produces one vertical sync pulse dur-     time
signal the computer 20 to go to the next  ing each revolution of the disc
40.     step in the program, but waits until the seis-   The sector clock
pulses are shaped by pulse 10  mic trace has been stored in the proper
sector  shaper 150 to provide horizontal sync pulses.  75     on the
digital disc 40 before signaling the  They produce 525 sync pulses for
every revo-     computer 20 to execute the next program in-  lution of the
disc.     struction. The controller 38 takes over and     To produce a
vertical sync pulse 180[err] from     sets a 1st enable flip-flop 120 to
prevent the  the track origin, the sector clock pulses ad- 15  start of
recording a trace anywhere in the  vance the sector counter 60 one count
for each  80     addressed sector. Thus, the start of recording  pulse.
When the counter reads 262, the com-     is ensured at the beginning of the
addressed   parison network 162 will produce a logical "1".     sector. If
the write select flip-flop 99 goes  At the beginning of each sector, the
bit cell/     to a "1" less than the length of one sector  sector counter
is reset and receives a maximum 20  ninus one microsecond (~62.5-1  micro-
of 190 clock pulses during the length of any  85     seconds), the trace
will not be recorded until  one sector. When the bit cell/sector counter 90
one revolution later of the disc 40. This, of  reaches the number 95 as
sensed by compara-     course, can happen only to the first trace to  tor
97, the pulse shaper 164 receives a second     be recorded. The second
trace will be recorded  pulse which is exactly 180[err] frcm  the track 25
exactly one-half revolution of the disc 40 later  origin pulse on the disc
and produces a vertical  90     than the first trace. So we can easily
record  sync pulse. This pulse will start the second     two traces per
revolution or 60 traces every  field of each frame of display. FIGURE 15
second. With a more complicated digital pro-  shows the data path in block
diagram. The     gram, more than 60 traces can be recorded in  disc reads
out 15 bits in parallel at a 3 MC 30  one second.
rate.                                          95       FIGURE 13 shows the
controller logic to        Each read clock pulse produces a load pulse
record the trace in the proper sector. When the  which stores all 15 bits
at one time in the five     addressed sector shows up, the comparator 91
4-bit shift registers 70. The load pulse is sent     goes to a "1". The
horizontal blanking pulse  through a delay circuit 168 to produce three 35
is a logical "0" for 5 microseconds' duration.  shift pulses. The spacing
between the shift 100     The first write clock pulse after the horizontal
pulses is equal to one-third of the width of a     blanking pulse has gone
by will set the divide-  clock pulse.     by-3 counter 93 to count number
1. This starts   Each shift pulse places a 5-bit word on the     the
read/restore cycle in the memory. A data  data line to the D/A  convertor
42 and each 40  available pulse is set 450 nanoseconds later by  strobe
pulse reads these 5-bit words into the  105     the memory system 46. This
pulse sets the 2nd  D/A switch network. The output of the D/A     enable
flip-flop 130 to a logical "1". Now the  converter 42 is the analog video
signal which     write clock pulses form  shift pulses for the  intensity
modulates the electron beam in the     fifteen 4-bit registers 68. The data
available  monitor 44. 45  pulses are shaped to become load pulses. The
load pulses dump the 45-bit word from  the       WHAT WE CLAIM  IS: -
110     core memory system 46 into the fifteen 4-bit    1. A video display
system  comprising:     shift registers 68 and each shift pulse records
a. a cathode ray tube display device in- 



a 15-bit word in each group of 15-bit cells in  cluding means for sweeping
an electron beam 50  the proper sector on the disc 40.              in a
raster scan;       Meanwhile, each clock pulse advances the       b. a
cyclical storage device for storing  115     bit cell/sector counter 90
until the right  digital data, the cyclical storage device in-     amount
of 15-bit words has been recorded in  cluding transducer heads for loading
data in     the sector. When the comparator 92 senses  sectors on a
recording medium and reproduc- 55  that this number has been reached, the
1st  ing timing signals stored on the recording     and 2nd enable
flip-flops 120 and 130 are re-  medium;
120     set and also the write enable flip-flop 100, so    c. a
digital-to-analog converter; and     no further data can be recorded on the
disc 40.    d. an interface controller having:     At this time the
controller 38 signals the com-  (1)  a memory which is capable of stor- 60
puter 20 to take the nex program step.                   ing  digital  data
from   a  data          3. Displaying the Disc Data on the
source;                              125              Monitor
(2)  a sector address register for storing       The display of the data
which have been               sector addresses of the cyclical stor-
recorded on the disc 40 is automatic without             age device on
command from  the 65  control of the computer.
data source;            9                                        1,288,315
9          (3)  a sector counter for showing which  3 in which the memory
comprises a device              sector on the cyclical storage device  with
core storage.              is in proximity to the transducer    5. A system
according to any of claims 1 to              heads;
4 in which the memory has an access time  40 5       (4) a comparator for
determining co-  greater than the bit rate loading time of the
incidence between the number stored  cyclical storage device.
in the sector address register and the    6. A system according to any of
claims 1              number accumulated in the sector  to 5 which includes
a set of shift registers              counter;
coupled between said memory and the cyclical  45 10      (5) means for
transferring data stored in  storage device so that data stored in the
the memory to the cyclical storage  memory can be loaded into the cyclical
stor-              device when the comparator shows  age device in parallel
word form.              coincidence;                           7. A  system
according to any of claims         (6) means for transferring the data from
1 to 6 which includes a set of shift registers  50 15           the
cyclical storage device to the  coupled between the cyclical storage device
digital-to-analog converter, whereby  and the digital-to-analog converter,
this set of              an analog video signal is generated  shift
registers being so arranged as to transfer              for intensity
modulating the elec-  data to the digital-to-analog converter at a
tron beam of said cathode ray tube  greater rate than that at which the
data is being  55 20           display device; and                  read
from the cyclical storage device.         (7)  means for generating sync
signals    8. A system according to any of claims 1 to              from
the timing signals of said  7 which includes a graphical input device
cyclical storage device for applica-  coupled through the interface
controller to the              tion to the means for sweeping the  cathode
ray tube display device, the graphical  60 25            electron beam  in
the cathode ray  input device including means for an operator
tube display device.                to insert coordinate points for storage
in the       2. A system according to claim 1 in which  digital computer
and display on the cathode     the data to be displayed is multitrace
seismic  ray tube display device.     data representing a cross section of
the earth,    9. A video display device substantially as  65 30  each trace
of the seismic data being represen-  herein described and as shown with
reference     ted by one raster scan of the cathode ray tube  to the
accompanying drawings.     device.
For the Applicants       3. A system according to claim 1 or 2 in
CARPMAELS & RANSFORD,     which the cyclical storage device comprises a
Chartered Patent Agents, 35  rotatable disc.
24, Southampton Buildings,       4. A system according to any of claims 1
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