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VIDEO DISPLAY ADJUSTMENT AND ON-SCREEN MENU SYSTEM

BACKGROUND OF THE INVENTION
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The present invention relates to video display systems, and more particularly, to using
on-screen menus in adjusting multi-frequency cathode ray tube (CRT) displays.

5 Video displays incorporating CRT systems provide information to and receive
information from computer systems. The versatility of CRT systems, and the variety of
ways they display data, have ensured their widespread use. Early video displays typically
were single-frequency displays: the video adaptor card that operated the display (by sending
information from the computer to the display) used a single horizontal scanning frequency

10 tuned to that of the display. A card fabricated for a particular single-frequency display often
will not work with other displays. Multi-frequency video displays represent an important
improvement in video display technology, for a single display system can be attached to a
wide variety of video adaptor cards. The multi-frequency display can tune itself to the -
horizontal frequency of the attached adaptor card, and synchronize the display to the

15 information sent from the adaptor card.

‘While multi-frequency displays provide a great iri'iprovement over single-frequency
displays, and allow versatile connections of displays and adaptor cards, these displays
exacerbate problems common to video displays in general. Most video displays provide
some form of adjustments for users. Typically, a panel of knobs and buttons connected to

20 potentiometers or other electrical switches allow the user to adjust various display
characteristics. Contrast, brightness, and the horizontal and vertical image positions are
some of the possible adjustments one can make. Since these adjustments are made manually
using electromechanical devices, the adjustments are susceptible to slight shifts over time.
Movement of the display, changes in ambient temperature and environmental vibrations can

25 all alter carefully set adjustments.
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WET e Slngle frequency displays: the video adaptor card that operated the
d?splay (by sending information fromthe conputer to the display) used a
single horizontal scanning frequency tuned to that of the display. A card
fabricated for a particular single-frequency display often will not work

wi th other displays. Miulti-frequency video displays represent an inportant

i proverrent in video display technology, for a single display systemcan be
attached to a wide variety of video adaptor cards. The mul ti-frequency
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card. these problems of misadjustment. In addmon, these displays multiply adjustment problems
for each new frequency mode available. Each time a user changes the frequency mode used
by the monitor, all the adjustments made previously must be readjusted to compensate for
5 changes in the display. Furthermore, once these changes are adjusted, they again become

susceptible to slow misadjustment.

Multi-frequency displays present further manufacturing difﬁculties. In addition to
user-operated external controls, each video display possesses a number of internal controls
that precisely adjust the display. These internal controls are preset at the factory by a human

10 operator comparing the display against a standard. To ensure comparable operation across
frequency modes, multi-frequency displays often have separate sets of these adjustments for
each of several principle frequency bands. Each of these adjustment sets must then be hand-
adjusted by a factory operator. Again, the electro-mechanical nature of the controls allows

for gradual drift in their adjustment.

15 Current methods for adjusting video displays, particularly in multi-frequency systems,
do not provide a complete and flexible system for allowing users and manufacturers to
quickly and reliably set display controls. What is needed is an improved method and
apparatus for adjusting video displays. An improved video display adjustment apparatus and
method should allow the factory to quickly set all internal controls for a monitor, without

20 operator intervention. The improved apparatus and method should also allow end-users to
easily change display characteristics, or reset the characteristics back to those specified at
the factory. The method and apparatus should also maintain the video display characteristics
despite thermal, mechanical or other environmental changes. The improved method and
apparatus should provide techniques and apparatus applicable to a wide range of video

25 display de\}iccs, including CRTs, LCDs and electro-luminescent displays. The invention
should provide a simple and cost-effective technology for easily and accurately changing and
maintaining the characteristics of any video display.
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ile 'Iti-frequency di spl ays provide a great inprovenent over
si ngl e-frequency displays, and allow versatile connections of displays and
adaptor cards, these displays exacerbate problens comon to video displays
in general. Most video displays provide sone formof adjustments for users.
Typically, a panel of knobs and buttons connected to potentioneters or
other electrical switches allow the user to adjust various display
characteristics. Contrast, brightness, and the horizontal and verti cal
i mage positidns are sone ofStmgmggggK@kquyrwﬁjfmﬁgmpne can nmake. Since
t hese adjustnments are made manual |y using el ectromechani cal devices, the

adJ: ust ments age  SUSEERLE Ritf th ptsdi hvetlioh! § v2¥@' aishidF adjustment and on-screen

menu system combines a microcontroller and erasable EPROM memory with on-screen menu
display generation to allow uscrs‘ to change display parameters without making any
5 electromechanical adjustments. The microcontroller effects display changes through df'sﬁlﬁy
adjustment circuitry, enabling digital control over display parameters. In addition, the
present invention incorporates a novel video clock to ensure accurate synchronization of the

on-screen menu to any horizontal signal received by the video display.

The user enters commands to the microcontroller by pressing a set of buttons, or

10 other similar input devices on the video display, in response to selections displayed by the
on-screen menu. User commands are Jatched and accessed by the microcontroller; and
changes to display parameters made by the user ark written to an EEPROM memory that in

the preferred embodiment can store a set of adjustments for each of up to 32 possible

operational frequency modes.

15 The display adjustment circuitry includes a digital-to-analog converter (DAC) that
converts display parameters provided by the microcontroller in digital form to an analog
signal that is multiplexed via a set of analog switches to a plurality of sample-and-hold
circuits. Upon start-up, these circuits are loaded with and maintain current display

parameters, until changed by the user.

20 The on-screen menu generation circuitry includes a set of column and row counters
that keep track of the next menu location to be displayed. Because \higher horizontal
frequencies indicate higher resolutions, the characters of the menu are adjusted to maintain
arelatively constant character size. The microcontroller determines how many vertical lines
are being displayed, and then a'character size control block determines whether to double

25 the number of times a pixel line of a given character is repeated, essentially élongaﬁng the
character. When a line repeats, the row counter does not increment despite the fact that
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another horizontal synch signal was received. The current column and row values address
a display memory, loaded by the microcontroller, that contains the menu information. As
each menu character is read out of the display memory at the appropriate column and row,
its visual representation is provided by a character PROM and then sent to a shift register
where each pixel is clocked out to a video drive.

The video clock govemns the operation of the column and row counters, and that of
the shift register, and thereby the flow of menu information to the display. The novel video
clock of the present invention stops operation for a given scan line when the end of the
colurnn counters are reached for each menu line. The video clock resumes its operation
when the next horizontal synch signal occurs. In this way, the menu remains intact and

readable regardless of what horizontal frequency the display currently uses.

The present invention allows users to easily and precisely adjust the parameters of a
multi-frequency video display without adjusting electromechanical inputs. Once parameters
are chosen and stored for a given frequency, they can be retrieved and employed by the
microcontroller on starting up the video display. Furthermore, a number of different
parameter sets can be stored, such that changing video display frequencies automatically
restores the appropriate parameter set without further user input. Since all parameters are
stored digitally, display parameters can be easily reset to factory standards if desired.

Moreover, each parameter set will not degrade with time or environmental changes.

The present invention also provides an easy method for adjusting display parameters
in the factory, during assembly and testing, By providing a PC connection port (in addition
to the front panel user input), each display can be connected to an automated testing station.
A testing station might include a video camera, display cards for displaying test patterns on
screen, and a computer controller. The testing station can cycle through a series of tests for
different display frequencies, adjusting all internal controls electronically through the PC
connection port. Each group of adjustments would then be stored as a factory-standard

parameter set.
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antl-frequency di spl ays that incorporate el ectromechanical user
édjustnents share these problens of m sadjustnent. In addition, these

di splays multiply adjustnment problenms for each new frequency node
avai l abl e. Each time a user changes the frequency node used by the nonitor,
all the adjustnents made previously nust be readjusted to conpensate for
changes in the display. Furthernore, once these changes are adjusted, they

resent 1 urs herl Teaot st arf arearil SERe BeSER imudtioh iyt B4 W) wShaME B
external adjustiof sind esa6ing isee cofl paai@ierp d6 6 and e Frequeniybdisplays. i MRS Methods of
controls storing parameters in EEPROM memory, and retrieving parameters using a microcontroller,
allows display parameters to be adjusted for each horizontal synch frequency. Using simple

5. user input buttons, and a programmable on-screen menu, the present invention avoids making
adjustments using fallible, imprecise electromechanical devices. The apparatus and n;eﬂ;ods

of the present invention provide for synchronizing the menu display regardless of the

horizontal synchronization frequency. In addition, the present invention provides for

adjustable menu character sizes across frequencies. The methods and apparatus of the

10 present invention provide easily implemented, compact, inexpensive devices for adjusting the
display characteristics of multi-frequency video displays, both during assembly in the factory

and during operation by the user. These and other features and advantages of the present

invention are apparent from the description below with reference to the following drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

15 Figure 1 shows a block diagram of a video display adjustment and on-screen menu

system in accordance with the present invention.

Figure 2 shows a circuit diagram of a video display adjustment and on-screen menu

system in accordance with the present invention.

Figure 3 shows a circuit diagram of an analog switch and associated sample and hold

20 circuits.

Figure 4 shows a circuit diagram of several analog switches and associated sample

and hold circuits.

Figure 5 shows a flow chart of the opération of the present invention.
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t hat precisely adjust the display. These internal controls are preset at
te factory by a human operator conparing the display agai nst a standard.
To énsure conparabl e operation across frequency nodes, multi-frequency

di spl ays often have separate sets of these adjustnents for each of severa
principle frequency bands. Each of these adjustnment sets nust then be hand-
adjusted by a factory operator. Again, the el ectro-nmechanical nature of the
controls allows O for gradual drift in their adjustnment. Current nethods

for adjusting vi deo DESCREVFIONOF THE PREFERRED EMBODIMENYSsyst ens,

In accordance with the present invention, FIG. 1 shows a schematic diagram of the
video display adjustment and on-screen menu system 10 in accordance with the present
invention. The system 10 comprises three principle functional blocks: an input, memeory

5 storage and controller block 12, a video display adjustment block 14 and a character display
block 16. Within the input, memory storage and controlier block 12, either a front panel
18 or a PC connector 20 can be used fo input adjustment selections to the system 10. These
inputs are temporarily buffered in an input latch 22. A microcontroller 24 accepts these
inputs from the input latch 22, and stores changes to the video display parameters in an
10 EEPROM memory storage area 25.

Within the video display adjustment block 14, certain display parameters provided by
the microcontroller are buffered by an output latch 26. The majority of the display
parameters are sequentially sent to a DAC 28 that converts the parameters to analog signals.
These analog signals are demultiplexed by a series of analog switches 30 enabled after every

15 vertical sync pulse, The signals of each switch 30 are stored by a complementary series of
sample-and-hold circuits 32. These circuits hold the parameters for display operation until

new parameters are provided.

The third block, the character display block 16, generates and sends on-screen menu

information to the video display synchronized to the display’s horizontal frequency. The

20 column counters 34 increment for each pixel being sent divided by the number of pixels per
character. In the preferred embodiment, each character is 8 pixels across, so the column
counters 34 divide the video clock signal by eight. 'When the column counters 34 reach their

end, the current line of the menu has been reached. A character size control block 36 then

decides whether to repeat the current pixel line (essentially elongating a character). Because

25 higher horizontal frequencies indicate an increased vertical resolution of the display screen,
repeating individual character lines increases their vertical size. Characters in the preferred

embodiment are created on an 8 by 8 grid, and then each pixel line is doubled, to create an

6
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do,not provide a conplete and flexible systemfor allow ng users and

manuf acturers to quickly and reliably set display controls. Wat is needed
is an i nproved nethod and apparatus for adjusting video displays. An

i nproved vi deo di splay adjustnent apparatus and nethod should allow the

factory to quickly set all internal controls for a nonitor, wthout
operator intervention. The inproved apparatus and nethod shoul d al so all ow
end-users to easily change di spl ay characterlstlcs reset the
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character’s pixel line are completed, the character size control block allows the row counters
38 to increment to the next pixel line of the characters in the menu.

5 A display memory 40 holds the current array of character codes that make up the
displayed menu. Every eight video clock ticks, the column counter 34 increments to indicate
the next character code in the current menu line. Every 16 (or if doubled, 32) horizontal
sync pulses (scan lines), the row counters 38 increment the display memory 40 to the next
full ine of character codes in the current menu. The current character code (in ASCID

10 pointed to in the display memory 40 by the column and row counters 34 and 38 refers to
character display information stored in a character PROM memory 42. Every horizontal
sync puls:;:, the rbw counters 34 indicate which pixel line of the current character display
information is read out of the character PROM 42. These pixel lines are repeated 2 or 4
times depending on the horizontal frequency, as described. The pixel line for each character

15 in the current embodiment is 8 pixels wide and is stored in a shift register 46, where it is
clocked out to a video drive 48. The video drive 48 blanks the current space on the video

- screen and replaces the video display with the current pixel line of character display
information. A video clock 44 provides the appropriate video clock information to the
column counters 34, the row counters 36 and the shift register 46 for synchronizing the

20 output of .each pixel of menu information.

FIGS. 2, 3 and 4 present circuit schematics of the present invention that describe its
construction and operation in greater detail. FIG. 2 reveals most of the video display
adjustment and on-screen menu system 10. The front panel 18 in the preferred embodiment
comprises a series of switches having outputs labeled Reset, Up, Down and Select. Reset

25 resets all ﬁscr adjustments to factory preset conditions, Select selects adjustments from the
on-screen menu, Up increments an adjdstment, and Down decrements an adjusﬁnent. These
switch-provided inputs can be complemented by a series of direct inputs from a PC
connector 20, allowing direct input to the menu system from an automated factory adjustment

7
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system. The inputs are buffered by an input latch 22, comprising a 74LS373 octal
transparent latch with 3-state outputs. The microcontroller 24 reads information from the
input latch through its ports P0.1 through P0.7 whenever LAT1 is enabled. The horizontal

. sync (HS) and vertical sync (VS) signals are also sent through the input latch 22 to the

microcontroller 24, which determines whether they are present and their polarities. IfHS
and VS are not present then either SOG or a composite sync signal is used. The HS signal
is sent to the INTO port of micro;ontrollcr 24 since its pulse width can be too small to be
detected by the microcontroller 24 otherwise. The monitor can receive sync information in
ﬂﬁee ways: (a) separate horizontal and vertical sync signals; (b) a composite sync signal
(where the horizontal and vertical sync are added together into one sync signal); and (c) a
Sync On Green (SOG) signal, where the composite sync signal is added to the GREEN
signal. The microcontroller 24 determines which of the three types of sync signal is being
sent, then generates the SOG and CMPS signal to let the corresponding circuits know what

is being sent.

The microcontroller 24 preferably employs a 80C51 CMOS 8-bit CPU and a 16MHz
osciliator. In addition to controlling the on-screen menu system and the CRT display
parameters, the microcontroller 24 creates the pin-cushion correction waveform for the
display. A 16MHz oscillator was chosen to provide the necessary bandwidth to synthesize
the waveform. The signals used throughout the invention as inputs and outputs of the
microcontroller 24 have the following meanings: INTO is an external interrupt activated by
a high-to-low transition of the vertical sync signal, that lets the microcontroller 24 know
when to start generating the pin-cushion signal. Therefore, the preferred embodiment uses
a negative vertical sync signal. The INTO input is also used to determine if the monitor is
running synchronization on green and the horizontal sync HS. This alternative procedure
occurs when the input latch 22 is enabled and the HS signal passes through to INT0. An
inverter 49 is used to invert the VS signal and provide an open collector output to share with
the input latch’s HS output. The inverted signals HS’ and VS’ are always ‘positive going
horizontal and vertical synchronization pulses. INT1 provides an ouéput signal WEEP* that
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3 SUMVARY OF THE | NVENTION In accordance with the present invention, a
vi deo di splay adjustnent and on-screen nenu system conbi nes a
m crocontrol l er and erasabl e EPROM nenory wi th on-screen nenu displ ay
generation to allow users to change display parameters w thout making any
el ectromechani cal adjustnents. The mcrocontroller effects display changes
t hrough di splay adjustnent circuitry, enabling digital control over display
parameters In addition, the

is the ch:p enable command for the EEPROM memory 25 when reading and writing to the

EEPROM 25.

The TO input receives the HS® signal, allowing the microcontrolier 24 to count the

number of scan lines. The number of lines is used by the pin generation algorithm, and.also

5 to look up appropriate display parameters for a new horizontal frequency and then output

these new parameters to the display. T1 provides the CRTD output signal that is logical 1

when the on-screen menu is -enabled. Port P1.0-7 is an eight-bit data port that outputs the
display parametef signals (including the pin-cushion waveform) to the DAC 28.

The RXD pin outputs a CLRL signal that clears the row counters 38. This method

10 is used for ease of programming and speed. There are only two dead periods during the
display tracing where the pin-cushion waveform is not generated: during vertical retrace and

in the center of the display. Two separate displays are shown during the on-menu operations

of the present invention: a main menu, and a smaller Value Indicator Graph (VIG) that
graphically répresents the increments and decrements made by a user to a given display

15 parameter (such us brightness). There is enough time in the center of the trace to allow the
VIG to be erased and re-written to the screen while keeping the display steady. When the

main menu is being displayed, however, there is not enough time even during the center

portion of the trace. Therefore, the present invention rewrites the main menu in two
complete trace cycles. First the menu is cleared from the SRAM display memory area 40

20 in one cycle, and then is written in the next cycle, when the row counters 38 are also

cleared.

The TXD pin outputs the WRAM* signal which is the SRAM write enable signal,

for writing to the display memory 40. The ALE pin outputs the Address Latch Enable

(ALE) signal which is the general read/write enable signal generated by the microcontroller

25 24 for reading and writing all external RAM and ROM memories (such as EEPROM 25 and
display memory 40). The WR* signal is the write enable command generated by the
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present ,invention incorporates a novel video clock to ensure accurate
synchroni zati on of the on-screen nenu to any horizontal signal received by
the video display. The user enters comrands to the mcrocontroller by
pressing a set of buttons, or other simlar input devices on the video

di spl ay,

I n response to sel ections displayed by the on-screen nenu. User

commands are | atched and accessed by the mcrocontroller; and changes to

di spl ay paraneters made by the user are witten to an EEPROM nenory t hat
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is the read enable command for reading these external memories.

LATO is used to control the output latch 26, LAT1 is used to control the input latch
22. ASO*, AS1* and AS2* enable analog switches 0, 1 and 2 respectively (analog switches
30A, B and C). The rest of port P2 (P2.0 through P2.2) along with port PO (P0.0 through
P0.7) provides an 11-bit data and address bus DB0-10 for accessing _extemal RAM and ROM
through the invention. DB0-5 connect to the output latch 26 comprising a 7415174 hex D
Flip-Flop integrated circuit. Output latch 26 stores several of the display parameters that are
changed whenever a new video mode is present. The stored parameters of the output latch
are changed by enabling LATO upon recognizing the new video mode, latching the outputs
of PO.0-5 (via DBO-5) to the outputs of the output latch. The CMPS signal is 1 if no VS
signal is'i:arescnt, indicating a composite video signal. The SLO signal controls the size of
the characters displayed. If SLO equals O, each character has an 8 by 16 cell. If SLO equals
1, the cell is 8 by 32. The SLO signal is sent to the character size control block 36 discussed
further below.

Signals SCO-2 comprise a 3-bit signal indicating the horizontal frequency. If the
signals SCO-2 equal 7, the frequency is 30khz, if the signals SCO-2 equal 0, the frequency
is 75khz. All other values proportionately divide up the frequency spectrum between these
two extremes. The SCO0-2 values can then be used to switch in S capacitors for different
frequencies to keep acceptable horizontal linearity of the display. The use of S capacitors
for this purpose is well known to those skilled in the art.

The EEPROM chip 25 used in the preferred embodiment is an XI.2816AP-250 that
is rated for a minimum of 10,000 writes per byte of memory. The EEPROM 25 stores all
the video display adjustment settings. - The chip select (WEEP*), read enable (RD¥*) and
write enable (WR*) are controlled by the microcontroller 24 as discussed above. The
EEPROM chip 25 outputs D0-7 are sent to the PO port of the microcontrolier 24. The
address lines for the EEPROM chip 25 come from the column and row counter outputs COL

10 L .
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Thes di splay adjustnent circuitry includes a digital-to-anal og converter
(DAC) that converts display paraneters provided by the mcrocontroller in

di gi tal

formto an anal og signal that is nmultiplexed via a set of anal og

switches to a plurality of sanple-and-hold circuits. Upon start-up, these
cireuits are |oaded with and maintain current display paranmeters, until
changed by the user. The on-screen nenu generation circuitry includes a set
of colum and row counters that keep track of the next menu | ocation to be
di spl ayed. (Befraugte dOIYECind HAOWOD itidoufl ROWNS! eTdl fidhiadie th dlifiber of separate
resolutions, the characters of the nenu are adjusted to nmaintain
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components, the present invention uses the column and row counters 34 and 38 also as
address Iatches for addressing the EEPROM 25. The particular chips chosen for the column
and row counters 34, 38 (discussed below) are presettable, allowing them to function as these
Iatches. First, DB0-10 loads the EEPROM read/write address into the column and row
counters 34 and 38, enabled by the ALE signal. Then, the counters’ outputs address the
appropriate byte of EEPROM memory while DB0-7 reads or writes that byte’s data.

The digital-to-analog (DAC) block 28 receives its 8-bit digital signal from port P1 of
microcontroller 24, and converts the signal to analog form to provide to the analog switches
30 and their respective sample-and-hold circuits 32. The DAC 28 provides a <1 % linearity
with a linear change in digital input. While the schematic of Figure 2 illustrates the DAC
28 comprising discrete components, an appropriate integrated DAC can be substituted. An
74LS05 hex inverter IC provides an open collector hex inverter since the P1 outputs of the
microcontroller 24 are not truly open collector and can cause non-linearities. The
specifications of the particular components are as shown in FIG. 2. The output VADJ of
the DAC 28 connects with three analog switches 30.

Referring now to figures 3 and 4, each analog switch 30 comprise é CD4051B single
8 channel analog multiplexer. The single DAC output VADYT drives the three separate analog
switches 30 to provide 24 separate adjustments. Each respective analog switch 30A, B and
C is switched to on via signals ASO-2. Data bus lines DB8-10 then select 1 of 8 output lines
of the analog switch to enable. At the beginning of each vertical sweep, all 24 adjustments
are updated by sequentially turning on each analog switch and then, in turn, that switch’s
separate output lines SO-7, T0-7 and UQ-7.

24 individual sample-and-hold circuits 32 are provided. Each circuit receives one line
from a given analog switch 30. For example, switch 32g receives signal S6 from analog
switch 30a. The signal S6 is tumed on when ASO* is high, and DB8-10 reads "110".

i
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g relatively constant character size. The nicrocontroller deternines how
many vertical |ines are being displayed, and then a character size control
bl ock determ nes whet her to double the nunber of tines a pixel line of a

gi ven character is repeated, essentially elongating the character. \Wen a
i ne repeats, the row counter doés not increnent despite the fact that This
I's the replacenent sheet Date: 1 4 FEB 1997

Switch 32g provides the Focus adjustment for the display. All the switch outputs,

connections and truth tables are provided below in Table 1.

Table 1.

Switch  Adjustment Input ASO* ASl1* AS2* DB8 DBS DB10

5 I 322 HPOS sol 1 oo o | o] o
3% HSIZE st] 1.] o] o] ofo] 1 I

l 3¢ VSIZE s21{ 1] o] o} ol 0

l 324 VPOS ss ] 1] 0] o] o] 1 1

I 3% Osv s« | 1] 0 o | 1]o0o] o

10 | 3 HSIZE ss{ 1] o o 11]o 1

32g FOCUs | s6 | 1 o | o | 1 |1 0

320 G2 s7| 1] 0o | 1|1 1

32i nfa 0| 0| 1| 0o ] o | o] o

32j PWR 1] o | 1] 0o} oo 1

15 i 32k NV 2| o | 1] 0] o] 0

321 | DYNFOC | T3 | o0 1 | o | o | 1 1
32m HHLD T4 0 1 0 1 0 o |

32n HCTR 5| o | 1] o] 1] o 1

2 | VHLD | o | 1] 0| 1|1 0
20 32p | VLIN o1l o | 1|1 1|
32q reAS [ wo | o | o) 1 [ o | o] o I
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4 another hori zontal synch signal was received. The current colum and row
val ues address a display nenory, |oaded by the microcontroller, that
contains the nenu information. As each nenu character is read out of the

di splay nmenory at the appropriate colum and row, its visual representation
is provided by a character PROM and then sent to a shift register where
each pixel is clocked out to a video drive. The video cl ock governs the
operatio

Switch  Adjustment Input ASO* AS1* AS2* DB8 DBY DBIO

32r RGAIN | vt | o | o | 1] o | o l
32s GBIAS U2 0 0 1 0 1 0
32t GGAIN U3 | O 0 1 0 1 1 ¥
32u BBIAS U4 0 0 1 1 1 0 0 l
5 32v BGAIN Us 0 0 1 1 0 1
32w | CONTRAST | U6 | 0 0 1 1 1 0
I 32x BRIGHT u7 0 0 1 1 1 1 l
Table 1 (contd.)
Each sample-and-hold (S/H) circuit 32 comprises an LM358 low-power op amp. The
10 capacitors chosen for the S/H circuits 32 are 0.033 pyfarads. Each S/H circuit 32 is updated
for 6 psecs. every vertical sync pulse.
Referring back to Figure 2, the character display block 16 provides the on-screen
menus and value indicator graphs for changing the display parameters. The display of the
menus is regulated by the column and row counters 34 and 38. Column counters 34
15 preferably comprise chained 74F161 synchronous presettable binary counters. The first three

output lines ADQ-2 clock the eight pixels of each character pixel line and latch data from the
character PROM 42 to the Shift Register 46. The higher-level signal lines COLO-COLA
address the display memory 40, indicating which character on the current menu line is
active. The final output, RCO, indicates that the 32 columns of the menu line have been
20 completed, and temporarily stops the video oscillator clock 44, until the next horizontal sync
signal HS activates the clock again. The CLK signal for the counters is generated by the

video oscillator clock 44. As noted ab.ove, the column and row counters 34 and 38 double

13
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thg' shlft reglster and thereby the flow of nenu information to the
dlsplay The novel video clock of the present invention stops operation for
a given scan line when the end of the colum counters are reached for each
menu |line. The video clock resunes its operation when the next horizontal
synch signal occurs. In this way, the nmenu remains intact and readable
regardl ess of what horizontal frequency the display currently uses. The
present invention allows users to easily and precisely adjust the

par anet er ss0fddeesdUhtches R FUEANRY ad | HRlEyPROMIY! Bgﬂiﬁ?iﬂdﬁg oFcrauons the

el ectronmechani cal inputs. Once paraneters axe chosen an ored di ven
frequency, AbEajgnsdis sbstitted forghle SAK sigphloyed by t he

The row counters 38 are also formed from chained 7415161 synchronous presettable

binary counters. The first 2 outputs of the row counters LNEI-2 are sent to the character

5 PROM’s second and third input bits, since each character has eight lines and each line is at

least doubled (and sometimes quadrupled). ILNEQ (which attaches to the character PROM’s

first input, comes directly from the character size control block 36, discussed further below.

The remaining output signals ROW0-5 address the display memory block 40, determining

which row of character to display. Again, since the counters double as address latches for

10 reading and writing the EEPROM 25, the data is latched using ALE instead of the CLK
signal.

The character size control block 36 sits functionally between the column counters 34
and the row counters 38. During menu display, as the columns for a given row (of character
pixel line information) are exhausted, the character size control block determines whether

15 to advance the row counters to the next row. In lower horizontal frequencies, each line of
a character is doubled: i.e., the column counters cycle through two complete cycles of the
same character line before advancing the row counters. At higher frequencies, when
characters would appear squashed, the character size control block 36 retards the row
counter advance for four complete column cycles. The character size control block 36

20 counts horizontal rows by using the HC* signal from the column counter block 34, which

is the same as the horizontal sync signal HS.

The character size control block 36 preferably comprises a 741.S393 dual 4 stage
binary counter and a 74L.S151 8 input multiplexer, as indicated in FIG. 2. The SLO signal
is sent by the output latch 26 and determines how many repetitions a row should have. If

25 SLO = 0, the horizontal frequency signal HS is divided by 2, to obtain the baseline 8 by 16
character cell. If SLO = 1, the HS signal is divided by 4, to obtain an elongated 8§ by 32
character cell. When no display is required, the ALE signal is substituted as the row clock

i
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m cfocontroller on starting up the video display. Furthernore, a nunber of
different paraneter sets can be stored, such that changi ng video display
frequencies automatically restores the appropriate paranmeter set w thout
further user input. Since all paraneters are stored digitally, display
paranmeters can be easily reset to factory standards if desired. Moreover,
each paraneter set will not degrade with tinme or environnental changes. The
present invention also provides an easy nethod for adjusting display

par amet er ssoi that 2tRiré A% Yan BeNABREPRES tHel n6woshint@s BB (Wrhe BYhap NG RdRSs
connection port (in addition to the front panel user input), each displa

can be cordlebeRd The dCTasignahliod is & flogk dngtfooihe row counters. Again, the C
signal from the microcontroller 24 clears the counters during the Vertical Retrace, while the

CRTD* signal is the CRT display enable signal. The following Table 2 provides the relation

5 between these signals. .
CLRL SLO CRTD* LCLr-'
1 X 0 o
X X 1 ALE
L 0 0 0 HS/2 ]
10 l 0 1 0 HS/4 I
Table 2.

The addresses generated by the column and row counters 34 and 38 are sent to the
display memory block 40, comprising 2 1X by 4 static RAM 2114AL-2 chips. ROW0-4 are
the row address lines, allowing 32 possible menu rows to be stored, and COLO-4 are the

15 column address lines, allowing 32 characters per row. DB(-7 are the data input lines from
the microcontroller 24 that can store characters for each address location. Outputs DBO-5
connect to the character PROM 42 to indicate which character to display, while outputs DB6-
7 connect to the video drive 48 to cause appropriate video blanking and color for the menu.
As discussed above, the WRAM™ signal is the write enable for the display memory SRAMs,

20 and the microcontroller WR* signal connects to each chip’s CS* pin. The WEEP* signal
is O if writing to the EEPROM 25, such that no writing is done to the display memory 40.

In the preferred embodiment, although the system is capable of displaying 32 rows,
a maximum of 16 rows can be displayed before the VS signal clears the counter. To assure

15 _
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A t-est,l ng statlon m ght include a video canera, display cards for
di splaying test patterns on screen, and a conputer controller. The testing
station can cycle through a series of tests for different display

frequencies, adjusting all internal controls electronically through the PC
tonnection port. Each group of adjustnents would then be stored as a
factory-standard paraneter set. This is the replacenent sheet Date: 1
4 FEB 1997

that the display is always in the horizontal active area, only columns 8 through 24 are used.
Also, due to speed limitations of the microcontroller 24, only 5 rows are used.

The character PROM memory block 42 comprises a 745472 512-by-8 byte TIL

PROM. Signals ILNO-2 comprise the 3-bit character line address (providing 8 hncsper

5 character) that comes from the row counters 38. Signals DB0-5 comprise the 6 bit chamétef
address (allowing 64 possible characters) from the display memory block 40. Data lines O1-

8 provide the character pixel line information (having 8 pixels per character line) latched

from the character PROM memory block 42 to the shift register block 46 for output to the

video display. DBO0-5 determine which character to display, while ILNO-2 determine which

10 line of that character to output. The character PROM 42 outputs the 8 pixels of the current

pixel line of the current character.

The video clock 44 provides the coordinating timing mechanism for the character
display section 16. The clock 44 is a variable oscillator that is synchronized to the incoming
horizontal frequency. The clock’s frequency is controlled by varying an OSV voltage

15 (determined by microcontroller 24 and stored by S/H circuit 32¢) such that character size is
kept fairly constant, regardless of horizontal frequency. The oscillator is kept synchronous

to the horizontal frequency to maintain the menu information stationary on the video display.

The video clock frequency is varied by controlling the constant current source to the

oscillator by varying OSV. The clock is synchronized to the horizontal frequency by gating

20 the horizontal sync signal HS with the oscillator, starting the oscillator when each horizontal

line occurs. The clock is turned off when the columns for the display complete their cycle

for one line. The OSV signal is an analog 10-15V signal stored by S/H circuit 32e. RCO

from counter U10 goes high when the counters reach FF (their end) and kills the video clock

by using a'741.S393 as a latch. The horizontal sync signal HS® restarts the clock by clearing

25 this 741.5393 latch. Tle output CLX drives the counters 34 and 38, while the inverse output
CLK* drives shift register 46. Table 3 presents a truth table relating these 51gnals

6
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5 sTHe met hods and apparatus of the present invention provide novel

techni ques for adjusting and storing sets of paranmeters for multi-frequency
di spl ays. The nethods of storing paranmeters in EEPROM nenory, and
retrieving paraneters using a mcrocontroller, allows display paraneters to
be adjusted for each horizontal synch frequency. Using sinple user input
buttons, and aprogramrabl e on-screen nenu, the present invention avoids
maki ng

[ CRTD* us RCO CLKX*

1 X X ALE

0 ' 1 ' X 0 l

Table 3.

The video clock 44 uses a 74F132 quad 2 input NAND Schmitt trigger, 2 741502 Quad 2
mput NQR gate, and other discrete companents as indicated. The clock output is between
10 and 20 Mhz dependent on incoming horizontal frequency. The clock’s frequency
10 preferably defaults to be proportional to the horizontal frequency. However, the user can
also adjust the oscillator frequency for each mode by making selections on the menu, thereby

controlling the horizontal size of the characters.

The shift register 46 is a 74F166 8 bit shift parallel-to-serial register. Data lines Ol--

8 from the character PROM 42 provide the video information to the shift register (the

15 current pixel line for the current character). The CLK* signal from the video clock 44 shifts
the data to the output one bit at a time. ADQ-2 are from the column counters 34 that latches

a new set of pixel information every 8 video clock fticks, loading the next character’s pixel

line. Z is the video signal output sent to the video drive 48.

The video drive block 48 drives transistor amplifiers on the video display’s driver

20 circuitry. The video information normally sent to the video display is blanked for an entire
character whenever character information is written to the display during menu operation.

All other times, the normal video information is sent to the video display. The video drive

block 48 employs three 74L.S08 Quad 2 input AND gates. ‘The Z line is the video signal

17
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adj,ustments using fallible, inprecise electronmechanical devices. The

appar atus and nethods of the present invention provide for synchronizing
the nenu display regardl ess of the horizontal synchronization frequency. In
addition, the present invention provides for adjustable nenu character

si zes across frequencies. The nethods and apparatus of the present

I nvention provide easily inplenented, conpact, inexpensive devices for
adjustin? the display characteristics of nmulti-frequency video displays,

bot h dur fmmp e ssbif rggistar, t fignal B OaYownthedd signgl dpelsatdrive thy biveevidse signalhese

From t nesLSENTITR O BaRotF ephy et etk 87 RlankbHRRG Ry et Tdastter
cell. The CRTD* signal is used to avoid false triggers: the system only blanks a character
cell when this signal is active. RGD is the video signal drive for the red and green video

5 signals. BD is the blue video signal, and BLANK blanks the RGB video signal sent from
the computer that normally drives the display.

The sequential operation of the present invention is described in flow chart 50 of FIG.

5. Upon video display start-up, the initial conditions for the display are read 52 by the
microcontroller 24 from the EEPROM memory 25 and sent via the DAC 28 and digital

10 switches 30 to the individual sample-and-hold circuits 32. During every vertical retrace, the
microcontroller 24 counts the number of horizontal lines traced and determines 54 if the

number of lines differ from the previous count. If not, the microcontroller asks 56 whether

the user has started to make any adjustments. If that is also not true, the microcontroller
determines 58 if the reset button on the front panel 18 has been pressed. If the answer is

15 also false, the microcontroller begins generating the top of the pincushion waveform 60. If
any menu is being displayed, its contents are written 62 at the middle of the display trace

to the display memory block 40. Then the microcontroller 24 generates the bottom of the

pincushion waveform 64.

When the vertical sync interrupt occurs 66, the microcontroller 24 updates all S/H

20 circuits 32, clears the menu display and counters 34, 38 and 40, and counts the number of
horizontal lines again. If the line count is different, a different horizontal frequency is being

used. The microcontroller 24 then determines 68 the horizontal frequency, the vertical
frequency and the polarities of the signals. Having determined which new frequency mode

is being used, the menu system then reads the appropriate display parameters 70 from the

25 EEPROM memory 25. These display parameters are then converted and sent 72 to the S/H
circuits 32, and the microcontroller 24 begins the normal operation’ of generating the
pincushion waveform in steps 60 through 66. If a user has begun changing any adjustments,

as determined in step 56, the microcontroller 24 changes the appropriate adjustment value,

18 _
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a

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a bl ock di agram of a video
di spl ay adjustnent and on-screen nenu systemin accordance with the present
i nvention. Figure 2 shows a circuit diagramof a video display adjustnent
and on-screen nenu systemin accordance with the present invention. Figure
3*shows a circuit diagramof an analog switch and associ ated sanpl e and
hold circuits. Figure 4 shows a circuit diagram of several anal og sw tches

and aSSOCib%S.bePn &%%OM memory 25, and at the next vertical retrace 66, the appropriate S/H
circuit 32. If the user presses the Reset button at step 58, the microcontroller 24 reads 74
the appropriate EEPROM memory for the factory-default standards fqr the current frequency
mode. Meanwhile, the normal operation of generating the pincushion waveform, displaying

5 the menu display, and updating the S/H circuits 32 at the vertical sync signal occur as before
in steps 60 through 66. T

While the present invention has been described with reference to preferred
embodiments, those skilled in the art will recognize that various modifications may be
provided. For example, any of the various electrical components can be repiaccd by other

10 discrete or integrated circuitry having an equivalent function. Various menu configurations
of columns and rows can be chosen depending on display requirements. Not all the
discussed display parameters need to be included in the set addressed by the on-screen menu
system, and others not described may be added. The exact order and timing of various
circuit operations can be modified to correspond to different displays and requirements.

15 These and other variations upon and modifications to the described embodiments are
provided for by the present invention, the scope of which is limited only by the following

claims.

19
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and hpld circuits. Figure 5 shows a flow chart of the operation of the
present ineead{on. This is the replacenent sheet Date: Th%Sﬁmﬁﬁ@B%%%%mmde

LT

v 1, An apparatus for adjusting video display controls in a
multi-frequency video display, comprising:

an input control block (18) for providing user input;

a microcontroller (24) capable of receiving said user
input from said input control block (18), said microcontrqller
capable of controlling said adjusting of said video display con-
trols;

CLAIMS

a memory block (25) capable of storing parameters of said
adjusted video display controls, said memory block electrically
connected to said microcontroller:

a display adjustment block (14) capable of providing said
parameters of said adjusted video display controls to said multi-
frequency video display, said display adjustment block coupled to
and controlled by said microcontroller (24), and '

" an on-screen display block (16) capable of displaying
visual representations of said adjustment of said video display
controls on a screen of said video display.

2. The apparatus of Claim 1, wherein said on-screen display
block (16) includes a video clock block (44) for synchronizing
. said displayed visual representations with a horizontal synchroni-
zation signal of said multi-frequency video display.

3. The apparatus of Claim 1 or 2, wherein said on—screen
display block (16) includes a character size control block (36)
for controlling the absolute size of said displayed visual repre-
sentations across different frequency models of said multi—fre—

quency video display.

4. The apparatus of one of Claim 1 to 3, wherein said input
control block (18) includes a plurality of electrical buttons.

7/cp

L L



DESCRiPTICN OF THE PREFERRED EMBODI MENTS I n accordance with the present .
|nvent|on FIG 1 shows a schematic diagram of the video display adjustnent
and on-screen nenu system 10 in accordance with the presemggkawnmnmmnel

system 10 conprises three principle functional bl ocks: gl!mjmﬂ
storage and controller block 12, a vide@ display adjustne
character display bl ock 16. VVthln the i nput, nenory stor controller
bl ock 12, either a front panel 18 or a PC connector 20 can be used to input
adj ust ment «sel ections to the system 10. These inputs are tenporarily

buffered in an inpHe bapeRalds OH£MbAECEENENBhMEr 12424CeRNR NS S aid memory
block (25) includes an erasable electrially programmable read-only
memory (25).

6. Apparatus of one of Claims 1 to 5, wherein said on-streen
display block comprises:

a column counter (34) coupled to the microcontroller {(24):

a row counter (38) coupled to the microcontroller (24);

a display memory (40) storing instructions for displaying
said visual representations, said instructions received from said
microcontroller said display memory coupled to the column counter:

a character read-only memory (42} providing character data
for displaying saild visual representations, said character read-
only memory provﬁding said character data upon receiving said
stored instructions from said display memory (40), said display
memory delivering said stored instructions to said character read-
only memory upon receiving address instructions from said column
counter (34) and said row counter (38},

a shift register (46) for storing a sequence of said cha-
racter data from said character read-only memory (42);

a video drive (48) for converting said stored sequence of
said character data of said shift register into said display of
said visual representation.

7. A method for adjusting video display controls in a multi-
frequency video display comprising the steps of:

A) displaying visual representations of
adjustments of said video display con-
trols on a screen of said video display.

.B) receiving adjustment inputs from a user;

C) adjusting a set 6f video display parame- °
ters stored in a memory, said adjusting
corresponding to said adjustment inputs;
and

IIIIIIII II|II| IIIIl Il II IIII ‘




i nput s, fron1the I nput latch 22, and stores changes to the-video dlsplay
paraneters I n an BEPROM nenory storage area 25. Wthin the video dIS
adj ust nent bl ock 14, certain display paraneters provided as Been °mmmd
m crocontroller are buffered by an output |atch 26. The mﬂlum
di spl ay paraneters are sequentially sent to a DAC 28 t hat
paraneters to anal og signals. These anaToé Signals are denul tiplexed by a
series of analog swtches 30 enabled after every vertical sync pulse The
signal s of each sw tch 30 ar tored, by_a.copplenentary.series of
sanpl e- and- hol d ci rui tsp’f&‘.’f‘%‘ es%‘}‘?cﬁ&?'ésﬂgfidvf‘ﬁ é?’ﬁﬁé?grs for display
operation until parameters to said multi- frequency video

display, said adjusted video display

parameters adjusting said video display

controls.

Ty
x
*

8. The method@ of Claim 7, wherein said displaying step further
includes the step of synchronizing said displayed visual represen-
tations with a horizontal synchronization signal of said multi-
frequency video display .

S. The method of Claim 7 or 8, wherein said displaying step
further includes the step of controlling the absolute size of said
displayed visual representations across different frequency modes
of said multi-frequency video display.

10. The method of one of Claims 7 to 9, wherein said displaying
step further includes the steps of

A) storing instructions for displaying said
visual representations in a display
memory,

B) registering a current column of said
displayed visual representations;

C) registering a current row of said dis-
played visual repfesentations:

D) addressing a stored instruction in said,
display memory by using said registered
current column and said registered cur-
rent row;

E) accessing character data in a character
read-only memory by delivering said
addressed stored instruction to said
character read-only mernory:

F) storing a sequence of said accessed
character data in a shift register; and

LT



new paranmeters are provided. The third bl ock, the character display block
16, ‘generates and sends on-screen menu information to the_ video display’
synchroni zed to the display's horizontal frequency. The s da BeénReplacad
i ncrenent for each pixel being sent divided by the nunber H i

i
character. In the preferred enbodi nent, each character is | i @\lgg”ﬂss
so the colum counters 34 divide the vided tlock signal by eight. he
colum counters 34 reach their end, the current |line of the nmenu has been

reached. A charact Si ontrol block 36 then deci des whether to repeat
the current pixel I%{ne fcg)s’@eerﬁtiiﬁq faeil%rﬁ%{lifﬁgi% chaaiad eaagceBasquse

character data into said displayed visual
representations.

XY
.
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higher *hori zontal frequencies indicate an increased vertical resolution of
t he di splay screen, repeating individual character lines increases their
vertical size. Characters in the preferred enbodi nrent are created on an 8

by 8 grid, and then each pi ¥IDEO DISPEAWDFISTMENTeate an This is the
repl acenent sheet Date: 14 FEB 1997
AND ON-SCREEN MENU SYSTEM

ABSTRACT OF THE DISCLOSURE

_ Apparatus and methods for adjusting the video display controls in 2 multi-frequency
5 video display include an EEPROM that stores multiple sets of video display parameters for
the video display. A microcontroller receives input from a user, changes the stored display
parameters and outputs _changes'in the parameters to the video display. The nﬁcroconrt:réiler

also controls video display apparatus that displays on-screen menus and value indicator
graphs for facilitating user input. The video display apinaratus incorporates a video clock

10 synchronized to the horizontal synchronization signal of the multi-frequency display, to keep
the displayed menus synchronized regardless of the current frequency. In addition, the video
display apparatus elongates displayed characters at higher frequencies to control the absolute

size of displayed characters across frequencies. The present invention provides for changes

to video display parameters, and for resetting the display parameters to factory standards,

15 without manipulating electromechanical devices such as potentiometers.

This Sheet Has Been Re; Eaced
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7.81by.16 di spl ayed character. At higher frequencies, each pixel line of a
character is doubled once nore to create an 8 by 32 di spl'ayed character.

Once a set of repetitions of a character's pixel |ine are 160818 8eenRaced
character size control block allows the row counters 38 to he
next pixel line of the characters in the nmenu. A display marmmm;ﬂam
the current array of character codes that make up the displ . ry

ei ght video clock ticks, the colum counter 34 increnents to indicate the
next character code in the current nenu line. Every 16 (or if doubl ed, 32)

hori zont al
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sync pulses (scan l'i nes),

40%t 0 the next ful

| i ne of character

codes

in the current menu.

The

the row counters 38 increnment the display nenory

current character code (in ASCI1) pointed to in the disp
the colum and row counters 34 and 38 refers to character
information stored in a character

pul se,

PRONInenDry 42. Every ho

the row counters 34 indicate which

pi xeh | of the

character display information is read out of Ebencharacter

pi xel
frequency,
enbodi ment
S

asy

i xels wide and is stored in a\ghift

escribed. The pi xel
Is 8 )

| i nes, age repeated 2 or 4 tinmes dependi

line for

e&ch character

i

PROM 42. These

“n the hori zont al

in the current

regi ster 46, where it
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.cloocked out to a video drive 48. The video drive 48 bl anks-the current
space on the video screen and repl aces the video displ ay mnth the current

pi xel line of character display information. A video cl ock™ B@ﬁRélcw
appropriate video clock information to the columm counters

counters 36 and the shift register 46 for synchronizing the

pi xel of nmenu information. FIGS. 2, 3 and 4 present circuit schena

the present invention that describe its construction and operation |n
greater detrail. FIG 2 reveals nost of the video display adjustnent and
on-screen nenu system 10. The front panel 18 in the preferred enbodi nent
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conpri ses*a series of switches havi ng out puts Iabeled Reset,- Up, Down and
Bekect. Reset resets all user adjustnents to f rg [gsek q I tions,

i taseenea
Sel ect selects adjustnments fromthe on-sereen S an
adj ust ment, and Down decrenents an adj ust nent. l OV|ded I nput s
can be conpl enented by a series of direct input nector 20,
allowing direct input to the nenu systemfrom an autonated factory
adjustnment This is the replacenent sheet Date: 1 4 FEB 1997 W
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8 system The inputs are buffered by an input latch 22, conprising a

74~5373 oct al

PO. 7 whenever LATI

i s enabl ed. The horizontal
(VS) signals are also sent through the input latch 22 to t

transparent latch with 3-state outputs.

sync (HS) an 'ﬂr

The m crocontrol |l er

24 reads information fromthe input latch through its por"l.’hiBSl?éBtHastda&m;iﬁced
i

m crocont rof®eFi@R4,26vhi ch det er m nes Wney\{ar they are present an

pol ariti es.

i

| faHS
9: CHAR SIZE CONTROL
S,
g L oA OA —
OB
ocC DO
CLBL CLR OD D1
—1D3
ROW COUNTERS 18 D4
VCC /~/ ALE D5
(9]
A OA |
%7 B 0B
C oC
D OD
RCO
ENP
ENT
CLK
——d LOAD
d CLR
TO FIG.
2E
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and VS are not present then either SOG or a conposite Synﬁ'i gnal i s used.

iThe HS signal is sent to the INTO port of microcontroller h f eéntReplaced
pul se width can be too small to be detected by the mcroc I m}

ot herwi se. The nonitor can receive sync information in thr

separate horizontal and vertical sync signals; (b) a conposite sync signal
(where the horizontal and vertical sync are added together into one sync
signal); and (c) a Sync On Green (SO Waleb= WaT=Y =N V=W AYAT o= VoY T = -
signal is added to the GREEN signal. The, M'§ ¢y OSONt KONl er 24 deternm nes

whi ch of the three types of sy sig@aggeg @ t hen generates the
SOG and CWPS signal to let the cstexp Do | Q| g3 know what
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The m crocontroller 24 preferably enploys a 80C51 CMOS 8-bit
CPU and a 16MEz oscillator. In addition to controlling the on-screen nenu
system and the CRT display paranmeters, the mcrocontroller 24 creates the
pi n-cushion correction waveformfor the display. A 16MHz oscillator was
chosen to provide the necessary bandwi dth to synthesize the waveform The
signal s used throughout the invention as inputs and outputs of the

m crocontroll er 24 have the follow ng neanings: INTOis an external

I nterrupt a@nGmaugq(pyAﬁAbO@ht?ﬂgYﬁé?égini|t|on of the vertlcal sync
now

signal, that lets the mcrocon
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. : . . Has Been Repl
when to s €rating the pin-cushion signal. TH preferred
'ment uses a negative vertical sync signal. Thigg | s al so

used to determne if the nonitor is running synchr green and
thé horizontal sync HS. This alternative procedure occurs when the input

*»* |atch 22 is enabled and the HS signal passes through to INTO. An inverter
49 is used to invert the VS signal and provide an open4fol | ector output to
share with the input latch's HS output. The.invert Signals HS and VS
are always positive goingyﬁﬁ?}zontal and vertical/ synchroni zati on pul ses.
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Dat e: T 4 I5EB 1997 9 is the chip enable command for the EEPROM nmenory
825t when readi ng and witing to the EEPROM 25. The TO input receives the HS
signal, allowing the mcrocontroller 24 to count the
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nunbey of 'scan lines. The nunber of lines is used by the pin generation
aléorithnl and also to | ook up appropriate display paraneters for a new
hori zontal frequency and then output these new paraneters to the display.
T1 provides the CRTD output signal that is logical 1 when the on-screen
menu i s enabled. Port P1.0-7 is an eight-bit data port that outputs the

di spl ay paraneter signals (including the pin-cushion waveform to the DAC
28. The RXD pin outputs a CLRL signal that clears the row counters 38. This
method is used for ease of programm ng and speed. There are only two dead
periods during the display tracing where the pin-cushion waveformis not
generated: during vertical retrace and
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i.n the ceriter of the display. Two separate displays are shown during the
“ord ménu operations of the present invention: a main nenu, and a smaller

Val ue Indicator Graph (VMIG that graphically represents the increnents and
decrenents nmade by a user to a given display paraneter (such as
brightness). There is enough tine in the center of the trace to allow the
VIGto be erased and rewitten to the screen while keeping the display
steady. Wien the main nmenu is being display ﬁ) éqo MPuTd here i s not enough
time even dquring the genter portion of the %: erefore, the present

i nvention rewites the main nmenu in two |conplete trace cycles. |First the
menu i s cleared from fhe SRAM di spl ay ry area 40 BLUE
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e

in one cycle, and then is witten in the next cycle, when the row counters
d8sar’e also cleared. The TX] pin outputs the WRAMF signal which is the SRAM
wite enable signal, for witing to the display nenory 40. The ALE pin

out puts the Address Latch Enable (ALE) signal which is the general
read/wite enable signal generated by the mcrocontroller 24 for reading
and witing all external RAM and ROM nenories (such as EEPROM 25 and

di splay nenory 40). The WR* signal is the wite enabl é3¥ mmrtglzgenerat ed by
the This is,the replacenent sheet uo
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Dat e: 1 4 FEB 1997 10 mcrocontroller 24 for witing to external RAM
and ROM nenories, while the RD* signal is the read enabl e command for

* wreadi ng t hese external memories. LATO is used to control the out put latch
26, LATi is used to control the input |atch
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22: JASE*, AS1* and AS2* enabl e analog switches 0, 1 and 2 respectively
(anal og switches 30A, B and C). The rest of port P2 (P2.0 through P2.2)
along with port PO (PO O through PO 7) provides an | 1-bit data and address
bus DBO 10 for accessing external RAM and ROM t hrough the invention. DBO 5
connect to the output latch 26 conprising a 74LS174 hex D Fli p-Fl op
integrated circuit. Qutput latch 26 stores several of the display
paranmeters that are changed whenever a new video node is present. The
stored parameters of the out ut | atch are changed by enabling LATO upon

recogni zi ng the new Ehtchl ng the outputs of PO 0-5 (via DBO 5)
to the outputs of th ch The ¢ ignal is 1 if no VS
SOGD
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signal «i s present, indicating a conposite video signal. The SLO signal
controls the size of the characters displayed. If SLO equals 0, each
character has an 8 by 16 cell. If SLO equals 1, the cell is 8 by 32. The
SLO signal is sent to the character size control block 36 discussed further
bel ow. Signals SCO 2 conprise a 3-bit signal indicating the horizontal
frequency. If the signals SCO 2 equal 7, the frequency is 30khz, if the
signals SCO-2 equal 0, the frequency is 75khz. Al qijwgr val ues
proportionately divide up the frequency spethmen t hese two
extrenmes. The SCO 2 val ues can thegn be used fo switch in S capacitors for
di fferent 51__4
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frequenci es to keep acceptable horizontal linearity of the display. The use
of S capacitors for this purpose is well known to those skilled in the art.
The EEPROM chip 25 used in the preferred enbodi ment is an XL2816AP- 250 t hat
is Sated for a m nimum of 10,000 wites per byte of menory. The EEPROM 25
stores all the video display adjustnment settings. The chip sel ect (WEEP*),
read enable (RD*) and wite enable (WR*) are controlled by the

m crocontrol l er 24 as di scussed above. The BEPROM chip 25 outputs DO 7 are

sent to the PO port of the microcontroller 24. The qafidress lines for the
EEPROM chi p %; conme fro tth%zéﬁd row counter oukputs 321
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This is t he repl acement sheet Date: 1 4 FEB 1997 0 through COL 4
and ROW 0 t hrough ROW5. To m nim ze the nunber of separate conponents, the
present invention uses the columm and row counters 34 and 38 al so as

address | atches for addressing the EEPROM 25. The particul ar chi ps chosen
for the colum
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and row ceuriters 34, 38 (discussed below) are presettable, allowing themto
~&EWwidei on as these |atches. First, DBO 10 | oads the EEPROM read/ write
address into the colum and row counters 34 and 38, enabled by the ALE
signal. Then, the counters' outputs address the appropriate byte of EEPROM
menory while DBO- 7 reads or wites that byte's data. The digital -to-anal og
(DAC) block 28 receives its 8-bit digital signal fromport Pl of
m crocontrol l er 24, and converts the signal to analog formto provide to
the anal og_switches 30 and thelrrespective sanple-and-hold circuits 32.
The DAC 28° provides a < 1% |fnearity with a |linear change in difital input.
Wil e the schematic of Figurg 2 illustrates the DAC
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.28 conprising discrete conponents,;~@an appropriate integrated DAG can be_"_."

substituted. An 74LSC6 hex i nverter{lC provi des & open collectgf hex R .
i nvertér since t'he P1 out p’b’f@“‘gf““t'h mcrocontroll er 24 are not jruly -opéfr !
col | ect¥r and ‘can calise®néh2ishedtiji es. The specifications of ‘fhe - - e ;
particul-ar conponent 5! -are'a&%6thown-iin FIG 2. The output VADJ ij"'t"'ﬁé“"EB}'ﬁi'C--28]
connect¥ with 't hree:ahdkotp swrdemesi30. Referring nowto figures 3 and 4, !
each anal og swi‘'tch 20 .compri.se..a..CD4051B si ngle-.8 channel anal rqg__-’f'-"f.f’?
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BACKGROUND OF THE INVENTION

The present invention relates to-video display systems, and more particularly, to using
on-screen menus in adjusting multi-frequency cathode ray tube (CRT) displays.

Video displays incorporating CRT systems provide information to and receive
information from computer systems. The versatility of CRT systems, and the variety of
ways they display data, have ensured their widespread use. Early video displays typically
were single-frequency displays: the video adaptor card that operated the display (by sending
information from the computer to the display) used a single horizontal scanning frequency
tuned to that of the display. A card fabricated for a particular single-frequency display often
will not work with other displays. Mult-frequency video displays represent an important
improvement in video display technology, for a single display system can be attached to a
wide varety of video adaptor cards. The multi-frequency display can tune itself to the
horizontal frequency of the attached adaptor card, and synchronize the display to the

information sent from the adaptor card.

‘While multi-fréquency displays provide a great improvement over single-frequency
displays, and allow versatile connections of displays and adaptor cards, these displays
exaéetbate problems common to video displays in general. Most video displays provide
some form of adjustments for users. Typically, a panel of knobs and buttons connected to
potentiometers or other electrical switches allow the user to adjust various display
characteristics. Contrast, brightness, and the horizontal and vertical image positions are
some of the possible adjustments one can make, Since these adjustments are made manually
using electromechanical devices, the adjustments are susceptible to slight shifts over time.
Movement of the display, changes in ambient temperature and environmental vibrations can
all alter carefully set adjustments.
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Cis swtched to on via signals ASO- 2. Data bus lines DBB-10 then select 1
‘of 8 output lines of the analog switch to enable. At the begi nning of each
vertical sweep, all 24 adjustnents are updated by sequentially turning on
each analog switch and then, in turn, that switch's separate output |ines
SO-7, TO-7 and UG- 7. 24 individual sanpfe-and-hold circuits 32 are
provided. Each circuit receives one line froma given analog switch 30. For
exanple, switch 32g receives signal S6 from anal og switch 30a. The signal
S6 is turned onMuiltbfred\sty displiysghat immotpobiEs eltCiromatianical 16¢r . adjkisingentssshidae

repl acene ntthe%@ SPotolems of misadjustmeat. In éddiﬁon, these displays multiply adjustment problems
for each new frequency mode available. Each time a user changes the frequency mode used
by the monitor, all the adjustments made previously must be readjusted to compensate for
changes in the display. Furthermore, once these changes are adjusted, they again become
susceptible to slow misadjustment. '

Multi-frequency displays present further manufacturing difficulties. In addition to
user-operated external controls, each video display possesses 2 number of internal controls
that precisely adjust the display. These internal controls are preset at the factory by a human
operator comparing the display against a standard. To ensure comparable operation across
frequency modes, multi-frequency displays often have separate sets of these adjustments for
each of several principle frequency bands. Each of these adjustment sets must then be hand-
adjusted by a factory operator. Again, the electro-mechanical nature of the controls allows
for gradual drift in théir adjustment. o

Current methods for adjusting video displays, particularly in multi-frequency systems,
do not provide a complete and flexible system for allowing users and manufacturers to
quickly and reliably set display controls. What is needed is an improved method and
apparatus for adjusting video displays. An improved video display adjustment apparatus and
method should allow the factory to quickly set all internal controls for a monitor, without
operator intervention. The improved apparatus and method should also allow end-users to
easily change display characteristics, or reset the characteristics back to those specified at
the factory. The method and apparatus should also maintain the video display characteristics
despite thermal, mechanical or other environmental changes. The improved method and
apparatus should provide techniques and apparatus applicable to a wide rahge of video
display devices, including CRTs, LCDs and electro-luminescent displays. The invention
should provide a simple and cost-effective technology for easily and accurately changing and
maintaining the characteristics of any video display.
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Date: 1 4 FEB 1997 12 Switch 32g provides the Focus adjustnent for"
the display. Al the switch outputs, connections and truth tables are
provi ded below in Table 1. Table 1.

SUMMARY OF THE INVENTION

In accordance with the present invention, a video display adjustment and on-screen
menu system combines a microcontroller and erasable EPROM memory with on-screen menu
display generation to allow nsers' to change display parameters without making any
electromechanical adjustments. The microcontroller effects display changes through display
adjustment circuitry, enabling digital control over display parameters. In addition, the
present invention incorporates a novel video clock to ensure accurate synchronization of the

on-screen menu to any horizontal signal received by the video display.

The user enters commands to the microcontroller by pressing a set of buttons, or
other similar input devices on the video display, in response to selections displayed by the
on-screen menu. User commands are latched and accessed by the microcontroller; and
changes t;> display parameters made by the user are written to an EEPROM memory that in
the preferred embodiment can store a set of adjustments for each of up to 32 possible

operational frequency modes.

The display adjustment circuitry includes a digital-to-analog converter (DAC) that
converts display parameters provided by the microcontroller in digital form to an analog
signal that is multiplexed via a set of analog switches to a plurality of sample-and-hold
circuits. Upon start-up, these circuits are loaded with and maintain current display
parameters, until changed by the user.

The on-screen menu generation circuitry includes a set of column and row counters
that keep track of the next menu location to be displayed. Because \higher horizontal
frequencies indicate higher resolutions, the characters of the menu are adjusted to maintain
a relatively constant character size. The microcontrolier determines how many vertical lines
are being displayed, and then a character size control block determines whether to double
the number of times a pixel line of a given character is repeated, essentially t;.longaﬁng the
character. When a line repeats, the row counter does not increment despite the fact that
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a display memory, loaded by the microcontroller, that contains the menu information. As
each menu character is read out of the di'splay memory at the appropriate column and row,
its visual representation is provided by a character PROM and then sent to a shift register
where each pixel is clocked out to a video drive.

The video clock governs the operation of the column and row counters, and that of
the shift register, and thereby the flow of menu information to the display. The novel video
clock of the present invention stops operation for a given scan line when the end of the
column counters are reached for each menu line. The vicieo clock resumes its operation
when the next horizontal synch signal occurs. In this way, the menu remains intact and
readable regardless of what horizontal frequency the display currently uses.

“The present invention allows users to easily and precisely adjust the parameters of a
multi-frequency video display without adjusting electromechanical inputs. Once parameters
ate chosen and stored for a given frequency, they can be retrieved and employed by the
microcontroller on starting up the video display. Furthermore, a number of different
parameter sets can be stored, such that changing video display frequencies automatically
yestores the appropriate parameter set without further user input. Sinee all parameters are
stored digitally, display parameters can be easily reset to factory standards if desired.
Moreover, each parameter set will not degrade with time or environmental changes.

The present invention also provides an easy method for adjusting display parameters
in the factory, during assembly and testing. By providing a PC connection port (in addition
to the front panel user input), each display can be connected to an automated testing station.
A testing station might include a video camera, display cards for displaying test patterns on
screen, and a computer controller. The testing station can cycle through a series of tests for
different display frequencies, adjusting all internal controls electronically through the PC
connection port. Each group of adjustments would then be stored as a factory-standard
parameter set.
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32h . e S7 1 0 0 1 1 1 32i

"nla TO 0 1 0 0 0 0 32j PVR .
T1 0 1 0 0 0 1 32k 2N T2 0
1 0 0 1 0 321 DYNFCC T3 0 1 0
0 1 1 32m HHLD ¥4 0 1 0 1 0
0 32n HCTR T5 0 1 0 1 0 1 320
VHLD T6  ThOmethods 4nd appaxa&s of the present invéntion pro¥de novel techniques for

adjusting and storing sets of parameters for multi-frequency displays. The methods of
storing parameters in EEPROM memory, and retrieving parameters using a microcontroller,
allows display parameters to be adjusted for each horizontal synch frequency. Using simple
user input buttons, and a programmable on-screen menu, the present invention avoids making
adjustments using fallible, imprecise electromechanical devices. The apparatus and methods
of the present invention provide for synchronizing the menu display regardless of the
horizontal synchronization frequency. In addition, the present invention provides for
adjustable menu character sizes across frequencies. The methods and apparatus of the
present invention provide easily implemented, compact, inexpensive devices for adjusting the
display characteristics of multi-frequency video displays, both during assembly in the factory
and during operation by the user. These and other features and advantages of the present

invention are apparent from the description below with reference to the following drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a block diagram of a video display adjustment and on-screen menu

system in accordance with the present invention.

Figure 2 shows a circuit diagram of a video display adjustment and on-screen menu
system in accordance with the present invention.

Figure 3 shows a circuit diagram of an analog switch and associated sample and hold

circuits.

Figure 4 shows a circuit diagram of several analog switches and associated sample
and hold circuits.

Figure 5 shows a flow chart of the opération of the present invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

In accordance with the present invention, FIG. 1 shows a schematic diagram of the
video display adjustment and on-screen menu system 10 in accordance with the present
invention. The system 10 comprises three principle functional blocks: an input, memory
storage and controller block 12, a video display adjustment block 14 and a character display
block 16. Within the input, memory storage and controller block 12, either a front panel
18 or a PC connector 20 can be used to input adjustment selections to the system 10. These
inputs are temporarily buffered in an input latch 22. A microcontroller 24 accepts these
inputs from the input latch 22, and stores changes to the video display parameters in an
EEPROM memory storage area 25.

Within the video display adjustment block 14, certain display parameters provided by
the microcontroller are buffered by an output latch 26. The majority of the display
parameters are sequentially sent to a DAC 28 that converts the parameters to analog signals.
These analog signals are demultiplexed by a series of analog switches 30 enabled after every
vertical sync pulse. The signals of each switch 30 are stored by a complementary series of
sample-and-hold circuits 32. These circuits hold the parameters for display operation until
new parameters are provided.

The third block; the character display block 16, generates and sends on-screen menu
information to the video display synchronized to the display’s horizontal frequency. The
column counters 34 increment for each pixel being sent divided by the number of pixels per
character. In the preferred embodiment, each character is 8 pixels across, so the column
counters 34 divide the video clock signal by eight. When the coluran counters 34 reach their
cnd,‘the current line of the menu has been reached. A character size control block 36 then
decides whether to repeat the current pixel line (essentially elongating a character). Because
higher horizontal frequencies indicate an increased vertical resolution of the display screen,
repeating individual character lines increases their vertical size. Characters in the preferred
embodiment are created on an 8 by 8 grid, and then each pixel line is doubled, to create an
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8 by 16 displayed character. At higher frequencies, each pixel line of a character is doubled
once more to create an 8 by 32 displayed char;xctcr. Once a set of repetitions of a
character’s pixel line are completed, the character size control block allows the row counters
38 to increment to the next pixel line of the characters in the menu.

A display memory 40 holds the current array of character codes that make up the
displayed menu. Every eight video clock ticks, the column counter 34 increments to indicate
the next character code in the current menu line. Every 16 (or if doubled, 32) horizontal
sync pulses (scan lines), the row counters 38 increment the display memory 40 to the next
full line of character codes in the current menu. The current character code (in ASCID)
pointed to in the display memory 40 by the column and row counters 34 and 38 refers to
character display information stored in a character PROM memory 42. Every horizontal
sync puls’.e, the row counters 34 indicate which pixel line of the current character display
information is read out of the character PROM 42. These pixel lines are repeated 2 or 4
times depending on the horizontal frequency, as described. The pixel line for each character
in the current embodiment is 8 pixels wide and is stored in a shift register 46, where it is
clocked out to a video drive 48. The video drive 48 blanks the current space on the video
screen and replaces the video display with the current pixel line of character display
information. A video clock 44 provides the approprate video clock information to the
column counters 34, the row counters 36 and the shift register 46 for synchronizing the
output of each pixel of menu information.

FIGS. 2, 3 and 4 present circuit schematics of the present invention that describe its
construction and operation in greater detail. FIG. 2 reveals most of the video display
adjustment and on-screen menu system 10. The front panel 18 in the preferred embodiment
comprises a series of switches having outputs labeled Reset, Up, Down and Select. Reset
resets all user adjustments to factory preset conditions, Select selects adjustments from the
on-screen menu, Up increments an adjustment, and Down decrements ani adjusiment. These
switch-provided inputs can be complemented by 2 seres of direct inputs from a PC
connector 20, allowing direct input to the menu system from an automated factory adjustment
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. 32x BRI GHt u7 0 0 1 1 1 1 Table 1
(contd.) Each sanple-and-hold (S/H) circuit 32 conprises an LM358 | ow power
op anp. The capacitors chosen for the SIHcircuits 32 are 0.033
[err]farads. Each SIR circuit 32 is umdated for 6 [err]secs. every vertical
sync pul se. Referring back to Figure 2, the character display block 16
provi des the on-screen nenus and val ue indi cator graphs for changing the

el f S e B Sl B ik B Dt ogh o
transparent latch with 3-state outputs. The microcontroller 24 reads information from the
input latch through its ports P0.1 through P0.7 whenever LATI is enabled. The horizontal
' sync (HS) and vertical sync (VS) signals are also sent through the input latch 22 to the
microcontroller 24, which determines whether they are present and their polarities. If HS
and VS are not present then either SOG or a composite sync signal is used. The HS signal
is sent to the INTO port of micro::ontrollcr 24 since its pulse width can be too small to be
de.,wctcd by the microcontroller 24 otherwise. The monitor can receive sync information in

three ways: (a) separate horizontal and vertical sync signals; (b) a composite sync signal
(where the horizontal and vertical sync are added together into one sync signal); and (¢) a
Sync On Green (SOG) signal, where the composite sync signal is added to the GREEN
signal. The microcontroller 24 determines which of the three types of sync signal is being
sent, then generates the SOG and CMPS signal to let the corresponding circuits know what
is being sent.

The microcontroller 24 preferably employs a 80C51 CMOS 8-bit CPU and a 16MHz
oscillator. In addition to controiling the on-screen menu system and the CRT display
parameters, the microcontroller 24 creates the pin-cushion correction waveform for the
display. A 16MHz oscillator was chosen to provide the necessary bandwidth to synthesize
the waveform. The signals used throughout the invention as inputs and outputs of the
microcontroller 24 have the following meanings: INTO is an extemal interrupt activated by
a high-to-low transition of the vertical sync signal, that lets the microcontroller 24 know
when to start generating the pin-cushion signal. Therefore, the preferred embodiment uses
a negative vertical sync signal. The INTO input is also used to determine if the monitor is
running synchronization on green and the horizontal sync HS. This altemative procedure
occurs when the input latch 22 is enabled and the HS signal passes through to INTO. An
inverter 49 is used to invert the VS signal and provide an open collector output to share with
the input latch’s HS output. The inverted signals HS’ and VS’ are always positive going
horizontal and vertical synchronization pulses. INT1 provides an ouiput signal WEEP™* that
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preferably conprise chained 74F161 synchronous presettable binary counters.
The first three output |ines ADO- 2 clock the eight pixels of each character
pi xel line and latch data fromthe character PROM 42 to the Shift Regi ster
46. The higher-level signal |ines COLO COLA address the display nmenory 40,

I ndi cati ng whi ch character on the curfent nmenu line is active. The final
out put, RCO indicates that the 32 colums of the nenu |ine have been

conpl eted, an ril 0 OSCi ock 44 .unti]l the
next hori zoﬁt’% é&%‘@ Héﬁ’a“h&’) ggﬁi{ég‘e{“ﬁ’é‘mé'l #CW %Y‘g%?‘h“ WIHIDE 19ithena

for the COUBERPRGM 25.gener ated by the vi deo oscillator cl ock 44. As noted
above, the colum and row counters 34 and 38 doubl e

The TO input receives the HS® signal, allowing the microcontrolier 24 to count the
number of scan lines. The number of lines is used by the pin generation algorithm, and also
to look up appropriate display parameters for a new horizontal frequency and then output
these new parameters to the display. T1 provides the CRTD output signal that is logical 1
when the on-screen menu is enabled. Port P1.0-7 is an eight-bit data port that outputs the
display parameter signals (including the pin-cushion waveform) to the DAC 28.

The RXD pin outputs 2 CLRL signal that clears the row counters 38. This method
is used for ease of programming and speed. There are only two dead periods during the
display tracing where the pin-cushion waveform is not generated: during vertical retrace and
in the center of the display. Two separate displays are shown during the on-menu operations
of the present invention: 2 main menu, and a smaller Value Indicator Graph (VIG) that
graphically répresents the increments and decrements made by a user to a given display
parameter (such uas brightness). There is enough time in the center of the trace to allow the
VIG to be erased and re-written to the screen while keeping the display steady. When the
main menu is being displayed, however, there is not enough time even during the center
portion of the trace. Therefore, the present invention rewrites the main menu in two
complete trace cycles. First the menu is cleared from the SRAM display memory area 40
in one cycle, and then is written in thé next cycle, when the row counters 38 are also
cleared.

The TXD pin outputs the WRAM* signal which is the SRAM write enable signal,
for writing to the display memory 40. The ALE pin outputs the Address Latch Enable
(ALE) signal which is the general read/write enable signal generated by the microcontroller
24 for reading and writing all external RAM and ROM memories (such as EEPROM 25 and
display memory 40). The WR* signal is the write enable command generated by the
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This is the replacenent sheet Date: 14 as address | atches for reading
and witing the EEPROM 25. During these operations, the ALE signal is
substituted for the CLK signal.

10

microcontroller 24 for writing to external RAM and ROM memories, while the RD* signal
is the read enable command for reading these extemnal memories.

LATO is used to control the output latch 26, LAT1 is used to control the input latch
22. ASO0*, AS1* and AS2* enable analog switches 0, 1 and 2 respectively (analog switches
304, B and C). The rest of port P2 (2.0 through P2.2) along with port PO (0.0 through
~ P0.7) provides an 11-bit data and address bus DB0-10 for accessing extemal RAM and ROM
through the invention. DBO-5 connect to the output latch 26 comprising a 74LS174 hex D
Flip-Flop integrated circuit. Output latch 26 stores several of the display parameters that are
changed whenever a new video mode is present. The stored parameters of the output latch
are changed by enabling LATO upon recognizing the new video mode, latching the outputs
of PO.0-5 (via DB0-5) to the outputs of the output latch. The CMPS signal is 1 if no VS
signal is"-prcscnt, indicating a composite video signal. The SLO signal controls the size of
the characters displayed. If SLO equals O, each character has an 8 by 16 cell. If SLO equals
1, the cell is 8 by 32. The SLO signal is sent to the character size control block 36 discussed
further below.

Signals SCO-2 comprise a 3-bit signal indicating the horizontal frequency. If the
signals SC0-2 equal 7, the frequency is 30khz, if the signals SCO-2 equal 0, the frequency
is 75khz. All other values proportionately divide up the frequency spectrum between these
two extremes. The SC0-2 values can then be used to switch in S capacitors for different
frequencies to keep acceptable horizontal linearity of the display. The use of S capacitors
for this purpose is well known to those skilled in the art.

The EEPROM chip 25 used in the preferred embodiment is an X1L.2816AP-250 that
is rated for a minimum of 10,000 writes per byte of memory. The EEPROM 25 stores all
the video display adjustment settings.; The chip select (WEEP*), read enable (RD*) and
write enable (WR*) are controlled by the microcontroller 24 as discussed above. The
EEPROM chip 25 outputs D0-7 are sent to the PO port of the microcontroller 24. The
address lines for the EEPROM chip 25 come from the column and row counter outputs COL
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The row counters 38 are also fornmed from chai ned 74LS 161 synchronous
presettable binary counters. The first 2 outputs of the row counters LNEl-2
are sent to the character PROM s second and third input bits, since each
character has eight lines and each line is at |east doubled (and sonetines
quadrupl ed). LNEO (which attaches to the character PROM s first I nput ,
cones directly fromthe character size control block 36, discussed further
bel ow. The remai ni ng output signals ROM5 address the display nenory bl ock

40, det er ni nidnErash GOk duansi ROWGP sbwough ROWiSs pFayminipias the Byrphes of fpeparate

the data i KorEREaS Heise Ot sl $EHLAL 90 hol b 3N SFRADES
address latches for addressing the EEPROM 25. The particular chips chosen for the column
and row counters 34, 38 (discussed below) are presettable, allowing them to function as these
Iatches. First, DB0-10 loads the EEPROM read/write address into the column and row
counters 34 and 38, enabled by the ALE signal. Then, the counters’ outputs address the

appropriate byte of EEPROM memory while DB0-7 reads or writes that byte’s data.

The digital-to-analog (DAC) block 28 receives its 8-bit digital signal from port P1 of
microcontroller 24, and converts the signal to analog form to provide to the analog switches
30 and their respective sample-and-hold circuits 32. The DAC 28 provides a <1% linearity
with a linear change in digital input. While the schematic of Figure 2 illustrates the DAC
28 comprising discrete components, an appropriate integrated DAC can be substituted, An
74LS05 hex inverter IC provides an open collector hex inverter since the P1 outputs of the
microcontroller 24 are not truly open collector and can cause non-linearities. The
specifications of the particular components are as shown in FIG. 2. The output VADJ of
the DAC 28 connects with three analog switches 30. .

Referring now to figures 3 and 4, each analog switch 30 comprise a CD4051B single
8 channel analog multiplexer. The single DAC output VADY drives the three separate analog
switches 30 to provide 24 separate adjustments. Each respective analog switch 30A, B and
C is switched to on via signals AS0-2. Data bus lines DB8-10 then select 1of8 output lines
of the analog switch to enable. At the beginning of each vertical sweep, all 24 adjustments
are updated by sequentially mnﬁng on each analog switch and then, in tumn, that switch's
separate output lines S0-7, T0-7 and U0-7. '

24 individual sample-and-hold circuits 32 are provided. Each circuit receives one life
from 2 given analog switch 30. For example, switch 32g receives signal §6 from analog
switch 30a. The signal S6 is tumned on when ASO* is high, and DB8-10 reads *110".
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signal. The character size control block 36 sits functionally between the
‘col um counters 34 and the row counters 38. During nenu display, as the
colums for a given row (of character pixel line information) are
exhausted, the character size control block determ nes whether to advance
the row counters to the next row. In I?%er hori zontal frequencies, each
line of a character is doubled: i.e., e colum counters cycle through two
conpl ete cycles of the sane character |ine before advancing the row
counters. AtSwitchhd2g Ppravidee rtbe docuswadinstmbrr foc ttbe displayl d Alppesaswitcugstpetd, t he

character sig@n,CABHY Ma R0 EK1es re' 25 REE el Wi Pl 1.

Table 1.

[Switéh Adjustment Input ASO* ASI* AS2* DBS DBS DBIO I

I 322 HPOS sol 1] ofofo|o]| o l
32b HSIZE stfa]lolo]o]of 1]
32¢ vsize | s2f 1 o] oo 1] o
324 VPOS ss|{ 1o of o 1] 1
3%e osv s« | 1| o] o 1]of o
32f HSiZE | ss | 1 | o] of 1 | o} 1
32¢ | Focus | s6 | 1 | o | o | 1| 1] o
32h G2 7] 1] o0 o 1]1] 1
32 nfa 0| o | 1 {0 o | of o
32j PWR 1o ] 1] o ofol] 1
32k NV 2|oj 1] ool 1] o

i 2 | pmwoc | 3 | o | 1 | o | o | 1 1|

| 32m EEHID | T4 | 0o | 1 | o | 1| o} o

I 32n getR | s [ o | 1} o | 1 | o] 1

* 32 viop | 16| o) 1} o] 1 1] o
32p VLIN | ol 1] o] 1] 1] 1
32g xeas | W] o | o | 1 | oo o
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counter advance for four conplete colum cycles. The character size control
bl ock 36 counts horizontal rows by using the HC* signal fromthe colum
counter block 34, which is the same as the horizontal sync signal HS. The
character size control block 36 preferably conprises a 74LS393 dual 4 stage
bi pary counter and a 74LS151 8 i nput nu}%iplexer as indicated in FIG 2.
The SLO signal is sent by the output latch 26 and determ nes how many

repetitions STV SRS e W B gnal
HS is divided Bwiteh t AdpRtnidnp tmq;ubasa@o'*neﬁrbymwhnsactma9cel.dmol SLO =
1, the HS sidqnal is divided by 4. n-an elongated 8 hy

32r RGAIN | uwi | o | o | 1 | o | o 1 l
32s geas | w | o | o {1 | o)1} o 1
32t GeaN | w | o | o | 1 o | 1] 1 1
' 32u BBIAS | U4 | o | o | 1| 1 |[o] o l
| s BGAIN | us| o | o | 1 | 1] o] 1 l
32w |CONTRAST | Us | 0 | o | 1 | 1 | 1] o

32x BRIGHT u7 o 0 1 1 1 1

i
Table 1 {contd.)

Each sample-and-hold (S/H) circuit 32 comprises an 1L M358 low-power op amp. The
capacitors chosen for the S/H circvits 32 are 0.033 pfarads. Each S/H circuit 32 is updated
for 6 usecs, every vertical sync pulse.

Referring back to Figure 2, the character display block 16 provides the on-screen
menus and value indicator graphs for changing the display parameters. The display of the
menus is regulated by the column and row counters 34 and 38. Column counters 34
preferably comprise chained 74F161 synchronous presettable binary counters. The first three
output lines ADQ-2 clock the eight pixels of each character pixel line and latch data from the
character PROM 42 to the Shift Register 46. The higher-level signal lines COLO-COLA
address the display memory 40, indicating which character on the current menu line is
active. The final output, RCO, indicates that the 32 columns of the menu line have been
completed, and temporarily stops the video oscillator clock 44, until the next i:orizontal sync
signal HS activates the clock again. The CLX signal for the counters is generated by the
video oscillator clock 44. As noted above, the column and row counters 34 and 38 double
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character cell. Wien no display is required, the ALE signal is substituted
as the row clock This is the replacenent sheet This is the repl acenent
sheet 15 so that address lines can be latched into the row counters 38
(when they function as address 14

as address latches for reading and writing the EEPROM 25. During these operations, the
ALE signal is substituted for the CLX signal. B

The row counters 38 are also formed from chained 741.5161 synchronous presettable
binary counters. The first 2 outputs of the row counters LNE1-2 are sent to the character
PROM's second and third input bits, since each character has eight lines and each Hne is at
least doubled (and sometimes quadrupled). LNEO (which attaches to the character PROM’s
first input, comes directly from the character size control block 36, discussed further below.
The remaining output signals ROWO0-5 address the display memory block 40, determining
which row of character to display. Again, since the counters double as address latches for

reading and writing the EEPROM 25, the data is latched using ALE instead of the CLX
signal.

The character size control block 36 sits functionally between the column counters 34
and the row counters 38. During menu display, as the columns for a given row (of character
pixel line information) are exhausted, the character size control block determines whether
to advance the row counters to the next row. In lower horizontal frequencies, each line of
a character is doubled: i.e., the column counters cycle through two complete cycles of the
same character line before advancing the row counters. At higher frequencies, when
characters would appear squashed, the character size control block 36 retards the row
counter advance for four complete column cycles. The character size control block 36
counts ho_rizontal rows by using the HC* signal from the column counter block 34, which
is the same as the horizontal sync signal HS.

The character size control block 36 preferably comprises 2 741.8393 dual 4 stage
bipary counter and a 74LS151 8 input mulﬁplexér, as indicated in FIG. 2. ‘The SLO signal
is sent by the output latch 26 and determines how many repetitions a row should have. If
SLO = 0, the horizontal frequency signal HS is divided by 2, to obtain the baseline 8 by 16
character cell. If SLO = 1, the HS signal is divided by 4, to obtzin an elongated 8 by 32
character cell. When no display is required, the ALE signal is substituted as the row clock
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| atches). The LCL signal line is the clock line for the row counters.
Again, the CLRL signal fromthe mcrocontroller 24 clears the counters
during the Vertical Retrace, while the CRID* signal is the CRT display
enabl e signal. The follow ng Table 2 provides the relation between these

signals. CLRL SLO GwTD* LCL 1 X
0 0 X X 1 ALE O
0 0 HS/ 2

so that address lines can be Jatched into the row counters 35 (when they function as address
latches). The LCL signal line is the clock line for the row counters. Again, the CLRL
signal from the microcontroller 24 clears the counters during the Vertical Retrace, while the
CRTD* signal is the CRT display enable signal. The following Table 2 provides the relation

between these signals.
i . g
| CLRL SLO CRTD* 1CL-
1 0 0
X 1 A |
0 0 0 HS2
0 1 0 HS/4
Tabie 2.

The addresses generated by the column and row counters 34 and 38 are sent to the
display memory block 40, comprising 2 1K by 4 static RAM 2114AL-2 chips, ROWO-4 are
the row address lines, allowing 32 possible menu rows to be stored, and COL0-4 are the
coiumn address lines, allowing 32 characters per row. DBO0-7 are the data input lines from
the microcontroller 24 that can store characters for each address location. Qutputs DBO-5
connect to the character PROM 42 o indicate which character to display, while outputs DB6-
7 connect to the video drive 48 to cause appropriate video blanking and color for the menu.
As discussed above, the WRAM* signal is the write enable for the display memory SRAMs,
and the microcontroller WR* signal éc;nnects to each chip's CS* pin. The WEEP* signal
is O if writing to the EEPROM 25, such that no writing is done to the display memory 40.

In the preferred embodiment, although the system is capable of displaying 32 rows,
2 maximum of 16 rows can be displayed before the VS signal clears the counter. To assure
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0 1 0 HS/ 4 Tabl e 2. The addresses
generated by the colum and row counters 34 and 38 are sent to the display
menory bl ock 40, conprising 2 1K by 4 static RAM 2114AL-2 chips. ROND> 4 are
the row address lines, allow ng 32 possible nmenu rows to be stored, and
COLO-4 are the columm address lines, aid owing 32 characters per row. DBO 7
are the data input lines fromthe mcrocontroller 24 that can store
characters that theaisplagddaleays ih aiectioriaontal @itiveltrsa, DRI dolunms 8ahtouglo24 fxe used,

char act o1 PRQY 4%, 9ol 1P SALGaP ) 60 SBLAELEL 140 oy Phobhacdllehe 0uLPULs

The character PROM memory block 42 comprises a 745472 512-by-8 byte TTL
PROM. Signals LNO-2 comprise the 3-bit character line address (providing 8 lines per
character) that comes from the row counters 38, Signals DB0-5 comprise the 6 bit character
address (allowing 64 possible characters) from the display memory block 40. Data lines O1-
8 provide the character pixel line information (having 8 pixels per character line) latched
from the character PROM memory block 42 to the shift register block 46 for output to the
video display. DBO-5 determine which character to display, while LNO-2 determine which
line of that character to output. The character PROM 42 outputs the 8 pixels of the current
pixel line of the current character.

The video clock 44 provides the coordinating timing mechanism for the character
display section 16. The clock 44 is a variable oscillator that is synchronized to the incoming
horizontal frequency. The clock’s frequency is controlled 'by varying an OSV voltage
(determined by microcontroller 24 and stored by S/H circuit 32¢) such that character size is
kept fairly constant, regardless of horizontal frequency. The oscillator is kept synchronous
to the horizontal frequency to maintain the menu information stationary on the video display.

The video clock frequency is varjed by controlling the constant current source to the
oscillator by varying OSV. The clock is synchronized to the horizontal frequency by gating
the horizontal sync signal HS with the oscillator, starting the oscillator when each horizontal
Iine occurs. The clock is tuned off when the columns for the display complete their cycle

' for one line. The OSV signal is an analog 10-15V signal stored by S/H circuit 32e. RCO
from couater U10 goes high when the counters reach FF (their End) and kills the video clock
by t'xsing 2 7418393 as a latch. The horizontal sync signal HS" restarts the clock by clearing
this 7415393 latch. The output CLK drives the counters 34 and 38, while the inverse output
CLK* drives shift register 46. Table 3 presents a truth table relating these signals.
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7.connect to the video drive 48 to cause appropriate video bl anking and
color for the nenu. As discussed above, the WRAMF signal is the wite
enabl e for the display nenory SRAMs, and the microcontroller WR* signal
connects to each chip's CS* pin. The WEEP* signal is O if witing to the
EPROM 25, such that no witing is done io the display nenory 40. In the
preferred enbodi nent, although the syst Mmis capabl e of displaying 32 rows,
a maxi mum of 16 rows can be displayed before the VS signal clears the
counter. To assure This is the replacenent sheet Date: 1 4 FEB 1997

I CRTID* HS® B RCO CLX* 1
1 X X ALE
0 1 X 0
0 0 0 Videq Clock
o ¢ 1 0 _’

Table 3.

The video clock 44 uses a 74F132 quad 2 input NAND Schmitt trigger, a 741.S02 Quad 2
input NOR gate, and other discrete components as indicated. The clock output is between
10 and 20 Mhz dependent on incoming horizon;al frequency. The clock’s frequency
preferably defaults to be proportional to the horizontal frequency. However, the user can
also adjust the oscillator frequency for each mode by making selections on the menu, thereby
controlling the horizontal size of the characters.

The shift register 46 is a 74F166 8 bit shift paraliel-to-serial register. Data lines O1--
8 from the character PROM 42 provide the video information to the shift register (the
current pixel line for the current character). The CLK™* signal from the video clock 44 shifts
the data to the output one bit at a time. ADO-2 are from the column counters 34 that latches
2 new set of pixel information every 8 video clock ticks, loading the next character’s pixel
line. Z is the video signal output sent to the video drive 48.

The video drive block 48 drives transistor amplifiers on the video display’s driver
circuitry. The video information normally sent to the video display is blanked for an entire
character whenever character information is written to the display during menu operation.
All other times, the normal video infonné.tion is sent to the video display. The video drive
block 48 employs three 74LS08 Quad 2 input AND gates. ‘The Z line is the video signal

This is the replacement sheet

Date: ¢ 4 757 0]



16 that the display is always in the horizontal active area, only colums 8
through 24 are used. Al so, due to speed |[imtations of the mcrocontroller:
24, only 5 rows are used. The character PROM nenory bl ock 42 conprises a
745472 512-by-8 byte TIL PROM Signals LNO 2 conprise the 3-bit character

i ne address (providing 8 |ines per 18

from the shift register, Signal DB6 allows the Z signal to also drive the blue video signal,
and signal DB7 is from the display memory block and blanks the PC’s video for 1 character
cell. The CRTD* signal is used to avoid false triggers: the system only blanks a character
cell when this signal is active. RGD is the video signal drive for the red and green video
signals. BD is the blue video signal, and BLANK blanks the RGB video signal sent from
the computer that normally drives the display.

The sequential operation of the present invention is described in flow chart 50 of FIG.
5. Upon video display start-up, the initial conditions for the display are read 52 by the
microcontroller 24 from the EEPROM memory 25 and sent via the DAC 28 and digital
switches 30 to the individual sample-and-hold circuits 32. During every vertical retrace, the
microcontroller 24 counts the number of horizontal lines traced and determines 54 if the
number of lines differ from the previous count. If not, the microcontroller asks 56 whether
the user has started to make any adjustments. If that is also not true, the microcontroller
determines 58 if the reset button on the front panel 18 has been pressed. If the answer is
also false, the microcontroller begins generating the top of the pincushion waveform 60. If
any menu is being displayed, its contents are written 62 at the middle of the display trace
to the display memory block 40. Then the microcontroller 24 generates the bottom of the
pincushion waveform 64.

When the vertical sync interrupt occurs 66, the microcontroller 24 updates all S/H
circuits 32, clears the menu display and counters 34, 38 and 40, and counts the number of
horizontal lines again. If the line count is different, a different horizontal frequency is being
used. The microcontroller 24 then determines 68 the horizontal frequency, the vertical
frequency and the polarities of the signals. Having determined which new frequency mode
is being used, the menu system then reads the appropriate display parameters 70 from the
EEPROM memory 25. These display parameters are then converted and sent 72 to the S/TH
circuits 32, and the microcontroller 24 begins the normal operation” of generating the
pincushion waveform in steps 60 through 66. If a user has begun changing any adjustments,
as determined in step 56, the microcontroller 24 changes the appropriate adjustment value,
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character) that conmes fromthe row counters 38. Signals DBO-5 conprise the
6 bit character address (allowi ng 64 possible characters) fromthe display
menory bl ock 40. Data |ines 01- 8 provide the character pixel line
i nformati on (having 8 pixels per character line) |atched fromthe character
PROM nmenory block 42 to the shift regigter block 46 for output to the video
display. DBO-5 determ ne which character to display, while LNO 2 determ ne
whi ch |ine obothliatheEBRROMemerhary @6f udtat thEhvext hexticad retracPRONha 2ppropriste 8/ he 8
pi xel s of the., curd{.e ixel _1in h r h [ ' ock
44 provi des ? ﬁéuliltcjozo P%‘iﬂgeaﬁgrnﬁ}c%sf?nm%é{e#égﬁgyl %%%0558’ ?Legﬁ%,%?%%{% % HER %

the appropriate EEPROM memary for the factory-default standards for the current frequency

mode. Meanwhile, the normal operation of generating the pincushion waveform, displaying
the menu display, and updating the S/H circuits 32 at the vertical sync signal occur as before
in steps 60 through 66.

While the present invention has been described with reference to preferred
embodiments, those skilled in the art will recognize that various modifications may be
provided. For example, any of the various electrical components can be rcpiaced by other
discrete or integrated circuitry having an equivalent function. Various menu configurations
of columns and rows can be chosen depending on display requirements. Not all the
discussed display parameters need to be included in the set addressed by the on-screen menu
system, and others not described may be added. The exact order and timing of various
circuit operations can be modified to correspond to different displays and requirements.
These and other variations upon and modifications to the described embodiments are
provided for by the present invention, the scope of which is limited only by the following

claims.
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di splay section 16. The clock 44 is a variable oscillator that is

- synchroni zed to the incom ng horizontal frequency. The clock's frequency is
controlled by varying an OSV voltage (determ ned by m crocontroller 24 and
stored by S/Hcircuit 32e) such that character size is kept fairly

constant, regardl ess of horizontal frequency. The oscilT SbvetHsEeame laced
synchronous to the horizontal frequency to nmaintain the

stationary on the video display. The video clock frequen

controlling the constant current source to the oscillator y va

The clock is synchronized to the horizontal frequency by gating the

hori zontal sync signal HS with t hé%sci | | at or, starting the oscillator when

each hori zonta
CLAIMS

1. An apparatus for adjusting video display controls in a
multi-frequency video display., comprising: |

an input control block (18) for providing user input;

a microcontroller (24) capable of receiving said user
input from said input control block (18), said microcontrolier
capable of controlling said adjusting of said video display con-
trols:

a memory block {25) capable of storing parameters of sald
adjusted video display controls, said memory block electrically
connected to sald microcontroller;

a display adjustment block (14) capable of providing said
parameters of said adjusted video display controls to said multi-
frequency video display, said display adjustment block coupled to
and controlled by said microcontroller (24), and

. an on-screen display block (16} capable of displaying
visual representations of said adjustment of said video display
controls on a screen of said video display.

2. The apparatus of Claim 1, wherein said on-screen display
block (16) includes a video clock block (44) for synchronizing
said displayed visual representations with a horizontal synchroni-
zation signal of said multi-frequency video display. '

3. The apparatus of Claim 1 or 2, wherein said on-screen
display block {16) includes a character size control block (36)
for controlling the absolute size of sald displayed visual repre-
sentations across different frequency models of said multi-fre-
quency video display.

4. The apparatus of one of Claim 1 to 3, wherein said input
control block {18) includes a plurality of electrical buttons.
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| ine occurs. The clock is turned off when the columms for the display
- conplete their cycle for one line. The OSV signal is an analog 10-15V
signal stored by S/H circuit 32e. RCO from counter UlO goes hlgh when t he
counters reach FF (their end) and kills the V|deon5$£k Ged 74LS393

as a latch. The horizontal sync signal HS restart clearlng
this 74LS393 latch. The output CLK drives the coun whil e the
inverse output CLK* drives shift register 46. Table truth

table relating these signals. This is the replacenent sheet Date
FEB 1997
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5. The apparatus of one of Claims 1 to 4, wherein said memcry
block (25) includes an erasable electrially programmable read-only

memory {(25). .
6. Apparatus of one of Claims 1 to 5, wherein said on-screen
display block comprises:

a column counter (34) coupled to the microcontroller (24);

a row counter (38) coupled to the microcontroller (24):

a display memory (40) storing instructions for displaying
said visual representations, said instructions received from said
microcontroller said display memory coupled to the column counter;

a character read-only memory (42) providing character data
for displaying said visual representations, sald character read-
only memory providing said character data upon receiving said
stored instructions from saild display memory (40), said display
memory delivering said stored instructions to said character read-
only memory upon receiving address instructions from said column
counter (34) and said row counter (38},

a shift register (46) for storing a sequence of said cha-
racter data from said character read-only memory {(42);

a video drive (48) for converting said stored sequence of
said character data of said shift register into said display of
said visual representation.

7. A method for adjusting video display controls in a multi-
frequency video display comprising the steps of:

A) displaying visual representations of
adjustments of said video display con-
trols on a screen of said video display.

B) receiving adjustment inputs from a user;

C) adjusting a set of video display parame- '
ters stored in a memory, said adjusting

corresponding to said adjustment 1111_1;‘1‘151’-?{ ine rgptacement sheoel
and

—— oae: 14 FEB 1891

IIIIIIII N1 IIIII || |I||



17 CRTD*

HS' RCO CLK* 1
. X ALE O
Video Cock O 0

This Sheet Has Been Rep

DT

22

D) providing said adjusted video display
parameters to said multi-frequency video
display, said adjusted video display
parameters adjusting said video display
controls.

8. The method of Claim 7, wherein said displaying step further
includes the step of synchronizing said displayed visual represen-
tations with a horizontal synchronization signal of said multi-
frequency video display .

9. The method of Claim 7 or 8, wherein said displaying step
further includes the step of controlling the absolute size of said
displayed visual representations across different frequency modes
of séid multi-frequency video display.

10. The method of one of Claims 7 to 9, wherein said displaying
step further includes the steps of

'A) storing instructions for displaying said
visual representations in a display
memory,

B) registering a current column of said
displayed visual representations;

C) registering a current row of said dis-
played visual representations;

D) addressing a stored instruction in said
display memory by using sald registered
current column and said registered cur-
rent row;

E) accessing character data in a character
read-only memory by delivering said
addressed stored instruction to said

- character read-only memory:

F) storing a sequence of said accessed

character data in a shift register; and

: t
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Tabl e 3. The video clock 44 uses a 74F132 quad 2 Rt AN JGPRE] t
. trigger, a 74LS02 Quad 2 input NOR gate, and other onents as
i ndi cated. The clock output is between 10 and 20 V\Jd ,BHEBEEMWn i ncom ng
r

hori zontal frequency. The clock's frequency prefe to be
proportional to the horizontal frequency. However, the user can al so adj ust
the oscillator frequency for each node by making selections on the nenu,
thereby controlling the horizontal size of the characters. The shift
register 46 is a 74F166 8 bit shift parallel-to-serial register. Data |lines
01- 23

G) converting sald sequence of sald accessed
character data into saild displayed visual
representations.
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8.fromthe character PROM 42 provide the video information to the shift
register (the current pixel line for the current character). The CLK*
signal fromthe video clock 44 shifts the data to the output one bit at a
time. ADO-2 are fromthe columm counters 34 that |atches a new set of pixel
information every 8 video clock ticks, jhoading the next character's pixel
line. Zis the video signal output sent to the video drive 48. The video
drive block 48 drives trans@@%oaﬁﬁﬂlmgr@msmmo di splay's driver

circuitry. The video informfng Iﬁﬁﬁl s"ﬂ«ﬁi‘” deo display is

bl anked for an entire character enever aracF?( information is witten

to the display during nenu operation. '
ABSTRACT OF THE DISCLOSURE

Apparatus and methods for adjusting the video display controls in a multi-frequency
video display include an EEPROM that stores multiple sets of video display parameters for
the video display. A microcontroller receives input from 2 user, changes the stored display
parameters and outputs .cha,nges' in the parameters to the video display. The microcontroller
also controls video display apparatus that displays on-screen menus and value indicator
graphs for facilitating user input. The video display api)amnxs incorporates a video clock
synchronized to the horizontal synchronization signal of the multi-frequency display, to keep
the displayed menus synchronized regardless of the current frequency. In addition, the video
display apparatus elongates displayed characters at higher frequencies to control the absolute
size of displayed characters across frequencies. The present invention provides for changes
to video display parameters, and for resetting the display parameters to factory standards,
without manipulating electromechanical devices such as potentiometers.
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Al other times, the normal video information is sent to the video display.
The video drive bl ock 48 enpl oys three 74LS08 Quad 2 i nput AND gates. The
Zline is the video signal This is the replacenent sheet Date: 1 4 FEB

1997 18
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fromthe shift register, signal DB6 allows the Z signal to also drive the

‘bl ue video signal, and signal DB7 is fromthe display nenory bl ock and
bl anks the PC s video for 1 character cell The CRTD* signal is used to
avoid false triggers: the systemonly blanks a character cell when this

signal is active. RGDis the video signal drive for the red and green video
signals. BDis the blue video sightl8 and BLANK bl anks the RGB vi deo signal
sent fromthe conputer that normally drives the display. The sequenti al
operation of the present invention is descrighed in flow chart 50 of FIG 5.
Upon video display start-up, the initial cor‘vdﬁions for the display are

read 52 by e o
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m crocontroller 24 fromthe EEPROM nenory 25 and sent via the DAC 28 and
~digital "switches 30 to the individual sanple-and-hold circuits 32. During
every vertical retrace, the mcrocontroller 24 counts the nunber of

hori zontal lines traced and determines 54 if the nenber of lines differ
fromthe previous count. If not, the mcrocontroller asks 56 whether the
user has started to make any adjustnents. If that is also not true, the

m crocontrol ler determnes 58 if 8BHd8reset button on the front panel 18 has
been pressed. |If the answer is also false, the microcontroller begins
generating the top of the pincushion waveform 60. |If any nmenu is being

di splayed, its contents are witten 62 at the mddle of the display trace
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to the display nenory bl ock 40. Then the m crocontroller 24 generates the
- bottom.of the pincushion waveform 64. \Wen the vertical sync interrupt
occurs 66, the mcrocontroller 24 updates all S/Hcircuits 32, clears the
menu di splay and counters 34, 38 and 40, and counts the nunber of

hori zontal lines again. If the line count is different, a different

hori zontal frequency is being usetlf18The m crocontrol l er 24 then determ nes
68 the horizontal frequency, the vertical frequency and the polarities of
the signals. Having determ ned which new frequency node is being used, the
menu systemthen reads the appropriate display parameters 70 fromtHeY
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EEPROM nenory 25. These display paraneters are then converted and sent 72
“to the S/Hcircuits 32, and the mcrocontroller 24 begins the nornal
operation of generating the pincushion waveformin steps 60 through 66. If
a user has begun changi ng any adjustnments, as deternined in step 56, the

m crocontrol | er 24 changes the appgsc; rd' ate adjustnent value, This is the
repl acenent sheet Date: 1 4 FEB 19
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19 both in the EEPROM menory 25, and at the next vertical retrace 66, the

. appropriate S/Hcircuit 32.

58,

nor nal

as before in steps 60 through 66.

current frequency node.
operation of generating the pincushion waveform displaying the nmenu
di spl ay, and updating the S/H circla4d 32 at the verti cal

sync si gnal

Meanwhi | e,

If the user presses the Reset button at step

the mcrocontroller 24 reads 74 the approprate EEPROM nenory for the
factory-default standards for the

t he

occur
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Whil e the present invention has been described with reference to preferred
enbodi nents, those skilled in the art will recognize that various

nodi fications may be provided. For exanple, any of the various electrical
conponents can be replaced by other discrete or integrated circuitry having
an equi val ent function. Various nenu configurations of colums and rows can
be chosen dependi ng on display requéyesrents. Not all the discussed display
paranmeters need to be included in the set addressed by the on-screen nenu
system and others not described may be added. The exact order and tim ng
of various circuit operations can be - ' '
di spl ays and requi renents. 0
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These and ot her variations upon and nodifications to the described
enbodi nents are provided for by the present invention, the scope of which

is limted only by the following clains. This is the replacenent sheet
Dat e: 14 FEB 1997

7/18

DIGITAL TO ANALOG CONVERTER
15v

VvCC

a g

!

\\T

. FIG. 2F

This is the replacement sheet

Date: 1 4 7rR 1997



20 [err] 1. An apparatus for adjusting video display controls in a

“mul ti-frequency video display: said video display having a screen, said
apparatus conprising: an input control block (18) for providing user input;
5 a mcrocontroller (24) capable of receiving said user input for
said input control block (18), said mcrocontroller capable of controlling
said adjusting of said video display controls;
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a nmenory block (25) capable of storing paraneters of said adjusted video

di splay controls, said nenory block electrically connected to said

m crocontrol ler; 10 and a display adjustment block (14) capabl e of

provi ding said paraneters of said adjusted video display controls to said
mul ti-frequency video display, said ggsplay adj ust nrent bl ock coupled to and
controlled by said nicrocontrollerg( ); characterized by; 15 an
on-screen display block (16) capable of displaying visual representations
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of said adjustnent of said video display controls on the screen of said

vi deo. di splay across different frequency nodes of said video display,
wherein the absolute size of said displayed visual representations are
controlled across different frequency nodes of said nulti-frequency video
di splay. 20 2. The apparatus of claim1l, wherein said on-screen
di splay bl ock (16) includes a videoigfogk bl ock (44) for synchronizing said
di spl ayed vi sual representations with a horizontal synchronization signal

of said multi-frequency video display.
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3. The apparatus of claim1l or 2, wherein said on-screen display block

. 25. (16) includes a character size control block (36) for controlling the
absol ute size of said displayed visual representations across different

frequency nodels of said nmulti- frequency video display. This is the

repl acenent sheet Date: 18 AUG 1999
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21 4. The apparatus of one of claims 1 to 3, wherein said input control

bl ock (18) includes a plurality of electrical buttons. 5. The appar at us
of one of clains 1 to 4, wherein said nenory bl ock (25) includes an
erasabl e electrically programrabl e read-only nenory (25). 5 6.

Apparatus of one of claims 1 to 5, 1%9?&6In sai d on-screen display bl ock
conpri ses:
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a colum counter (34) coupled to the mcrocontroller (24); a row counter
(38) coupled to the mcrocontroller (24); a display nenory (40) storing

i nstructions for displaying said visual 10 representations, said

i nstructions received fromsaid mcrocontroller said display nmenory coupl ed
to the colum counter; a character read-only nenory (42) providing
character data for dlsplaylng sai d visual representations, said character
read-only menory providing said d#hi&cter data upon receiving said stored

i nstructions froms@id di spl ay nenory o
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15 '(40), said display nmenory delivering said stored instructions to said
character read- only nmenory upon receiving address instructions from said
colum counter (34) and said row counter (38),- a shift register (46) for
storing a sequence of said character data from said character read-only

menory (42); 20° a video drijye @48) for converting said stored
sequence of said character data of sJi shift register into said display of
said visual representation. 7. A nmet hod for adjusting video display

controls in a multi-frequency
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vi deo display, conprising the steps of; A) recei ving adjustnment inputs
froma user; 25 B) adjusting a set of video display paraneters
stored in a nenory, said adjusting corresponding to said adjustnent inputs,
and said adjusted video display paraneters adjusting said video display
controls; characterized by the steps of: This is the replacenent sheet
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22°C) provi ding said adjusted video display paraneters to said nmulti
_frequency video display; and D) di spl ayi ng visual representations of
adj ustnents of said video display controls on a screen of said video

di splay across different frequency
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5 nodes of said video display, wherein the absol ute size of
sai d visual representations are controlled across different frequency nobdes
of the multi-frequency video display. 8. The nethod of claim?7, wherein
sai d displaying step further includes the step of synchronizing said

di spl ayed visual representations with a horizontal 10 synchronization
signal of said nmulti-frequency videp/id splay. 9. The nmethod of claim?7
or 8, wherein said displaying step further includes the step of controlling
t he absol ute size of said displayed visual
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representations across different frequency nodes of said nulti-frequency
,video display. 15 10. The nmet hod of one of clains 7 to 9, wherein
sai'd di spl ayi ng step further includes the steps of: A) storing
instructions for displaying said visual representations in a display
menory; B) registering a current columm of said displayed visual
representations; 20 C) ispegistering a current row of said

di spl ayed vi sual representations;

{,
£
2 S
2 1
\ ¥ E
9 T i
o]
E T
PRI 2 |
S T <
£E5 8% = 3 o
oo EL{E B g
55068 JELINE %
i
a 2]
: g 5| 8% |g I
A 4 \

._ AAEHE
%2 ‘L)?;% __z_).g 3h§ |§§
§-§ 56:% g £ * gg

b= I g

§§ Egg Eg § i

(72

El
p]
s /[ & e [3]
2 4 Fl. [3] [

€ .8 E_).E“

Egg: Egg

3=5 g gES

8:>0_ e gmo

This is the rgphmamen’i sheel
‘iéFEBEQ‘ST



D) . addressing a stored instruction in said display nenory Msi ng said
regi stered current colum and said registered current row, E) FEcessi ng
character data in a character read-only nenory by delivering said addressed
stored instruction to said character read- 25 only nenory;
F) storing a.sequence of said accessed character data in a shift
register; and This is the repl acenent sheet
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VIDEO DISPLAY ADJUSTMENT
AND ON-SCREEN MENU SYSTEM

ABSTRACT OF THE DISCLOSURE

Apparatus and methods for adjusting the video display controls in a multi-frequency
video display include an EEPROM that stores multiple sets of video display parameters for
the video display. A microcontroller receives input from a user, changes the stored display
parameters and outputs éfianges in the parameers to the video display. The microcontroller
also controls video display apparatus that displays on-screen menus and value indicator
graphs for facilitating user input. The video display api)aratus incorporates a video clock
synchronized to the horizontal synchronization signal of the multi-frequency display, to keep
the displayed menus synchronized regardless of the current frequency. In addition, the video
display apparatus elongates displayed characters at higher frequencies to control the absolute
size of displayed characters across frequencies. The present invention provides for changes
to video"display parameters, and for resetting the display parameters to factory standards,
without manipulating electromechanical devices such as potentiometers.
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Date : "1 8 AUG 1999 23 G converting said sequence..of .said. _accessed

character data into said displayed,visual representati ons. =11.w: '%i;-Appa;r at g
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CLAIMS . : N P L THIRT

1. An apparatus for adjusting video display controls in a multi-frequency
video display: said video display having a screen, said apparatus comprising:

an input control block (18) for providilig user input;

a microcontroller (24) capable of receiving said user input for said input
control block (18), said microcontroller capable of controlling said adjusting of said
video display controls;

a memory block (25) capable of storing parameters of said adjusted video
display controls, said memory block electrically connected to said microcontroller;
and

a display adjustment block (14) capable of providing said parameters of said
adjusted video display controls to said multi-frequency video display, said display
adjustment block coupled to and controlled by said microcontroller (24);

characterized by;

an on-screen display block (16) capable of displaying visual representations
of said adjustment of said video display controls on the screen of said video display
across different frequency modes of said video display, wherein the absolute size of
said displayed visual representations are controlled across different frequency modes

of said multi-frequency video display.

2. The apparatus of claim 1, wherein said on-screen display block (16)
includes a video clock block (44) for synchronizing said displayed visual
representations with a horizontal synchronization signal of said multi-frequency

video display.

3. The apparatus of claim 1 or 2, wherein said on-screen display block
(16) includes a character size control block (36) for controlling the absolute size of
said displayed visual representations across different frequency models of said multi-

frequency video display.

This is the replacement sheet
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(24) is connected to said nenory block (25), to sai d.on screen display
bl ock (16) 5 and to a buffer .(22), through a central bus (Fig. 2). 12.
Apparatus of claim 11, wherein the follow ng blocks contained in said on

screen di splay block (16) are connected to said central bus: - t he
col um counters (34); - ‘the row counted (38); 10 - t he
character size control block (36); - the display nenory (40);

4. The apparatus of one of claims 1 to 3, wherein said input control

block (18) includes a plurality of electrical buttons.

5. The apparatus of one of claims 1 to 4, wherein said memory block
(25) includes an erasable electrically programmable read-only memory (25).

5 6. Apparatus of one of claims 1 to 5, wherein said on-screen display
block comprises:

a column counter (34) coupled to the microcontroller (24);

N a row counter (38) coupled to the microcontroller (24);
a display memory (40) storing instructions for displaying said visual
10 representations, said instructions received from said microcontroller said display
memory coupled to the column counter;

a character read-only memory (42) providing character data for displaying
said visual representations, said character read-only memory providing said
character data upon receiving said stored instructions from said display memory

15 (40), said display memory delivering said stored instructions to said character read-
only memory upon receiving address instructions from said column counter (34) and
said row counter (38),
a shift register (46) for storing a sequence of said character data from said
Y character read-only memory (42);
20 a video drive (48) for converting said stored sequence of said character data
of said shift register into said display of said visual representation.

7. A method for adjusting video display controls in a multi-frequency
video display, comprising the steps of;
A)  receiving adjustment inputs from a user;

25 B) adjusting a set of video display parameters stored in a memory, said
adjusting corresponding to said adjustment inputs, and said adjusted
video display parameters adjusting said video display controls;

characterized by the steps of:
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C)  providing said adjusted video display parameters to said multi
frequency video display; and
D)  displaying visual representations of adjustments of said video display
controls on a screen of said video display across different frequency
5 modes of said video display, wherein the absolute size of said visual
representations are controlled across different frequency modes of the
multi-frequency video display.

8. The method of claim 7, wherein said displaying step further includes
S the step of synchronizing said displayed visual representations with a horizontal
10 synchronization signal of said multi-frequency video display.

9. The method of claim 7 or 8, wherein said displaying step further
includes the step of controlling the absolute size of said displayed visual
representations across different frequency modes of said multi-frequency video

display.

15 10.  The method of one of claims 7 to 9, wherein said displaying step
further includes the steps of:
A)  storing instructions for displaying said visual representations in a
N display memory;
B) registering a current column of said displayed visual representations;
20 C) registering a current row of said displayed visual representations;
D) addressing a stored instruction in said display memory by using said
registered current column and said registered current row;
E) accessing character data in a character read-only memory by
delivering said addressed stored instruction to said character read-
25 only memory;
B storing a sequence of said accessed character data in a shift register;
and
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converting said sequence of said accessed character data into said

~ displayed visual representations.

Apparatus of one of claims 1 to 6, wherein said microcontroller block

(24) is connected to said memory block (25), to said on screen display block (16)

and to a buffer (22) through a central bus (Fig. 2).
S =N PYT; Wheremn the following blocks contained in said
" on screen dlsplay block (16) are connected to said central bus:
- the column counters (34);
- the row counters (38);
- the character size control block (36);
- the display memory (40);
- the character read only memory (42).
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