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Introduction



This document defines the operation of the Enhanced Display Firmware (EDF) for the QEDD9008 display panels, giving details of the software protocols and other pertinent information required to drive the displays. It is intended for people who are writing their own PC control software, as well as others who require an insight as to how the new firmware works.



EDF is the culmination of a project originally started by Simon Harrison several years ago, and has recently been brought to fruition by Robert Coward. It is a total firmware replacement for the display panels, offering a massive performance boost and a whole host of exciting new effects. The main features are:



Lots of new FAST pixellated effects, including super smooth scrolls, wipes and dissolves

Superb colour plane splitting scroll effects

No slowing down due to communication bottlenecks

All effects will work with one, two or three panels fitted

Stunning colour fades, multicolour characters and colour “rolling” effects

User defined characters (31 available)

Superb new flash modes, between colours and even characters

Additional diagnostic commands and status reporting

New character set with PC-compatible graphics

Extremely robust and reliable operation



Note that unless otherwise stated, all numbers in this document are expressed in hexadecimal notation.

Operational Overview



Since EDF is a total replacement for the original primitive QEDD9008 firmware, it operates in a completely different way, and is totally incompatible from a software perspective. Unlike the original firmware, which was fairly “dumb”, EDF sends acknowledgements back to the PC (or other controlling entity), so that the two can be kept in step. And where the original firmware was severely constrained by the 12800 baud communications bottleneck, EDF generates all the effects itself, requiring minimal PC communications.



Physically, an EDF system is configured in much the same way as an original QEDD9008 system; there is always at least one panel (with panel ID 1), and up to two more may be added. The panel links are configured the same as the original system (see “Link Setting Issues” section), and the PC communication still runs at 12800 baud (or 12500 baud to be pedantic). The only real difference is the fact that the panels can send acknowledgements, but there should not be any problems providing you are using a QUICC-IDM or QUICC board, or another control board that has been wired for communications feedback from the display panels to the PC.



After initialisation, the 
PC
 should issue the following actions to get the system up and running:



Issue a “Relinquish Serial Bus” command to enable EDF communications.

Issue a “Request ID” command to work out which panels (if any) are available. 

Issue a “System Configure” command to set the number of panels present.



Once these commands have been issued, it can start loading text and attributes via the “Load Entry Buffer” commands, and executing effects (including straight updates) via the “Execute Effects” commands. In all cases, it should wait for the specified acknowledgements before continuing. This is an extremely brief overview, and much more detail is given in the following sections.



A Note on Colour Planes



Some of the more impressive effects achievable with the QEDD9008 displays rely on  an intrinsic hardware feature, namely the use of four colour planes, defined as green1, green2, red1 and red2. There are two display scan phases, and on the first phase, green1 and red1 are scanned, and on the second phase, green2 and red2 are scanned. Depending on which colour plane scan bits are set, the resulting colours will be as in the following table. Note that other combinations are illegal, and would result in excessive power dissipation: 



Green-1�Red-2�Green-2�Red-1�Resulting Colour��OFF�PIXELS�OFF�PIXELS�Red��PIXELS�OFF�PIXELS�OFF�Green��PIXELS�PIXELS�OFF�OFF�Normal Yellow��OFF�OFF�PIXELS�PIXELS�Reverse Yellow��

With a uniform display contrast, there is no visual difference between the “normal” and “reverse” yellows, but another feature of the display hardware is that the contrast of individual colour planes for individual pixel rows can be independently adjusted. Hence it is possible to generate multicolour characters, and do this independently for the “normal” and “reverse” yellow attributes, in effect achieving two different custom colour combinations. The new EDF firmware takes full advantage of this feature, allowing fairly stunning effects to be achieved.

Internal Buffering



While it is not necessary to have a full understanding of the internal workings of EDF in order to be able to use it, some knowledge of the internal buffering is useful in order to be able to understand how EDF effects work. There are three principal text/attribute buffers in EDF:



Entry Buffer 

Holding Buffer

Display Buffer



When text and attributes are loaded by the “load entry buffer” commands, they are placed into the entry buffer. The entry buffer can also be flushed, being filled with null characters/attributes or spaces as required; this provides a “clean slate” for the next loading operation.



When an effect is executed, it immediately transfers the entry buffer data to the holding buffer, so that text and attributes for the next effect can be loaded while the current one is still executing. The effect then transfers the holding buffer data onto the display buffer, which mirrors what appears on the display. All effects will perform this transfer in a defined manner, which will take some time to complete, apart from the “direct transfer” effect, which simply updates the display buffer directly and immediately terminates.



Null characters/attributes will generally not be transferred, leaving the existing display unchanged for the corresponding character or attribute positions. The exception is pixellated scrolls, which are just too complex for this to be done; in this case, the existing character positions will be scrolled, unless there are complete lines of null characters. See the individual effect documentation for more details.



It should be noted that while pixellated effects will transfer the holding buffer onto the display buffer, they update the display itself in an extremely low level fashion, and the pixel data will therefore be out of step with the display buffer while the effect is running. If they are aborted (via the flush command) while running, the display contents are likely to appear garbled, particularly in the case of scrolls. To avoid this, the “resync” facility in the flush command should be used, to cleanly update the raw display pixel data from the display buffer. 



EDF Command Set



The EDF firmware accepts a number of commands to load text and attributes, run effects, perform housekeeping and to report information. Some commands require a fixed number of parameters, where others may take a variable number of parameters. In all cases, the 00 character is used to terminate and delineate commands, and must be sent at least once between commands. If a command is part-way through transmission and a 00 occurs, the command processing will be aborted and no command action will result. The 00 characters can be sent at any time in order to reset the serial state machine, and can be repeated as often as required.  If an unknown command is received, the state machine will ignore all further data until a 00 is received to reset it. 



The following table lists all the commands the EDF system accepts:



Byte�Command Description�Parameters��04�Set Display Contrast�§ Contrast; [contrasts...]��05�Set Colour Plane Contrast for spec lines�† Line mask; Green1; Red2; Green2; Red1��06�Set Buffered Contrast for spec lines�† Line mask; Green1; Red2; Green2; Red1��11�Request ID�† None��12�Reboot�† Magic numbers 34; 56; 78��13�Scan Control�† Magic numbers 34; 56; 78; Panel num.; Scan control byte��14�System Configure (set no. of panels)�† Magic number 34; Number of panels in system��15�System Poll (effect execution status)�† Panel number of poll��16�Reserved for debug use���34�Auto-Flash mode�† Flash mode��3F�Define User Character�† Char num (1-1F); 7 bytes char data (lsb set, msb justified)��40�Copy to User Defined Character�† Destination Char num (01-1F); Source Char num (01-FF)��E0�Request Serial Bus�† Magic number 34��E1�Relinquish Serial Bus�† Magic number 34��E2-FF�Reserved for external peripherals���Note that the following block of commands are ignored if the panel number is greater than the display size��21�Load Entry Buffer Text�§ Cursor position; text to load��22�Load Entry Buffer Attributes�§ Cursor position; attributes to load��23�Fill Entry Buffer Attributes�§ Cursor position; number of cells; fill attribute; [attributes]��24�Fill Entry Buffer Text�§ Cursor position; number of cells; fill text; [text]��25�Flush Entry Buffer�† Flush type��31�Execute transfer effect�† Effect number; correlator; [effect parameters]��32�Execute non-transfer effect�† Effect number; correlator; [effect parameters]��33�Flush Effect�† Flush type�
�
3E�Dump Character Set�† Magic number 34; Sets to dump�
�


All numbers are expressed in hexadecimal



§	These commands will continue to process data until a zero terminator is received.

†	After all required parameters are received, these commands will ignore further input until a 00 is received.

Set Display Contrast



Following this command, each parameter is a display contrast value, ranging from 01 to 24 (brightest). The contrast may be changed as many times as required before the next command is issued. Contrast changes are effected immediately. Note that if a specified contrast value is out of range, it is ignored.



Note that there is a bug in the hardware where very low contrast values of  01 and 02 may cause the display watchdogs to intermittently drop out, which may in turn cause the protection circuit on QUICC-IDM or similar control boards to trip out, shutting down the system. Therefore, it is generally best to avoid setting the contrast to values below 03. This bug has always been present in the system, and is nothing to do with EDF.

Set Colour Plane Contrast for Specified Lines



This command allows the contrast of the four colour planes to be independently controlled, for specified pixel lines on the display. By sending a number of these commands for different lines, impressive multicolour characters can be achieved. The parameters are:



Line mask (bit 0 = top line, bit 6 = bottom line, bit 7 set)

Green 1 plane contrast (range 01 to 24, min to max)

Red 2 plane contrast (range 01 to 24, min to max)

Green 2 plane contrast (range 01 to 24, min to max)

Red 1 plane contrast (range 01 to 24, min to max)



The first two contrast values affect the normal yellow attribute and the second two affect the reverse yellow attribute; hence this command allows two independent custom colour combinations to be created. Note that if a specified contrast value is out of range, it is ignored; this feature can be used to only update certain planes, leaving others untouched. Also note that this command is affected by the “low contrast” hardware bug described above, even for a single colour plane.

Set Buffered Colour Plane Contrast for Specified Lines



This command works in exactly the same way as the normal colour plane contrast command above, except that the settings are stored in an internal buffer and not shown on the display. The “buffered colour roll” and “buffered transpose” effects will transfer this buffer to the display in a defined manner, so it is essential that this command is issued before such effects are run. Note that this command is affected by the “low contrast” hardware bug described above, even for a single colour plane.

Request ID



When this command is issued, each module in the system will transmit its own ID and version information.  Depending on the module’s ID, it will wait for a length of time before transmitting, guaranteeing no collision on the multi-drop RS422 serial bus. The format of the data is:



1 byte synchronisation character (00)

1 byte module ID (01 / 02 / 03)

1 byte software version number



The order of panel transmissions is highest panel ID first, lowest last.  It is therefore safe to assume that upon reception of the acknowledge from panel 1, there will be no more panel transmissions.  The message from panel 1 will typically arrive 240ms after the Request is sent, assuming the display DMA scan is running.  Any timeout for missing panel IDs should be a minimum of 320ms; this is the delay after which the panels complete the Request ID command and return to the await command mode. Note that if the display DMA scan is not running, the above timings will effectively halve.

Reboot



This command forces the system to reboot.  To provide protection against accidental rebooting due to corrupted messages, the reboot command must be followed immediately by three magic numbers. Following these, the system restarts.  Rebooting will reset all buffers, settings and previous states.



If the data received does not match the magic numbers, the system will ignore all further input until a Null serial character is received.


Scan Control



This command allows the controlling software to enable and disable the scanning of the LED dot matrix. When the scan is disabled, all functions of the display remain operational despite all LEDs being off. 



Panels may be addressed individually, or all panels in system may be handled together.



When the scan is disabled, all watchdog pulses will cease and thus the “display scan stopped” watchdog will trigger. This will cause the QUICC-IDM (or similar) protection circuit to trigger and shut the system down, unless the watchdogs have been selectively disabled. Hence this command can be used to fully test the protection circuit, which was not possible with the old firmware unless the system was physically hacked.



The parameters are:



34		Magic number

56		Magic number

78		Magic number



%1xxxxxPP	Panel number

	PP:	00 All panels

		01 Panel 1 only

		10 Panel 2 only

		11 Panel 3 only

x	Don’t care

1	Always 1



%1xxxxxxS	Scan control

S	0: Disable display scan; 1: Enable display scan

System Configure (set number of panels)



This command is used to tell the display how many panels make up the complete system, and is used by various effects to determine how they spread across the panels. Valid system sizes range from 1 to 3, and the panels default to 1 after initialisation.  The parameters are:



34		Magic number

nn		Number of panels in system (1-3)



On systems with more than one panel, if the display size is set smaller than the physical size then the unused panel(s) will not execute any display update commands, resulting in unchanging displays (they will show the last update before the number of panels was reduced with this command). The command table above shows which commands are not executed for panels with numbers greater than the configured display size.

System Poll (effect execution status)



This command is used to interrogate the panel status.  It provides information about effects progress and also provides a simple “are you still there?” indication. It can be used to make sure all three panels have completed their queued and active effects (see later section on effect synchronisation).



The parameter is:

xx		Panel number for request

where xx is a number from 01 to 03 indicating the panel which should respond. If xx is out of range, no response will be sent.



The response bytes are:

00		Synchronisation

21		Report System Status acknowledge

%1xxxxxQE	Status byte

E	1: Effect in execution

Q	1: Effect queue full



The panel that responds will force its transmitter on to send the response, regardless of whether it owns the bus. This is to allow the polling of all three panels (see effect synchronisation section). If the panel wouldn’t normally transmit (i.e. panels 2 and 3, or panel 1 when it doesn’t own the bus) then this command delays effect processing for approximately 3ms. Note that the Request Serial Bus command MUST have been issued prior to executing this command, otherwise bus contention will occur.

Load Entry Buffer Text



This command loads the text entry buffer with characters.  The first parameter is the cursor position, in the range 01 to 60. Out of range values will result in this command being ignored. Each byte following this is written into the text entry buffer as a character, automatically incrementing the write pointer. Once the end of the text buffer is reached, any further input is ignored until a Null command is received.



The cursor position is mapped to the three panels as shown in the following table (note that numbers are expressed in hexadecimal notation). This mapping holds true regardless of the number of physical panels present in the system, so if less than three panels are fitted, the corresponding positions will be unused, though no harm will result if text is written to them:



�Panel 1�Panel 2�Panel 3��Line 1�01-08�09-10�11-18��Line 2�19-20�21-28�29-30��Line 3�31-38�39-40�41-48��Line 4�49-50�51-58�59-60��

Characters are members of one of two possible groups:

	01-1F	User-definable characters (initially blank)

	20-FF	Fixed ASCII and graphic characters



The display character set meets the full ASCII standard from 20 to 7F, and closely mimics the PC DOS character set from 80 to FF. All the accented and line graphic characters are available, as well as a number of Greek and mathematical characters. In the cases where it is impossible or undesirable to represent the PC character, special characters have been inserted, such as different representations of the ‘0’ character, special graphics characters and even a Quake Q! To view the character set, simply output the values you are interested in to the display (with a 3 panel system, you can view 96 characters at a time), or use the “dump character set” command to download the character set as raw data.



Note that the character set has improved significantly over the one in the original QEDD9008 firmware, the only loss being the Kanji characters and a few other not-so-useful ones. The character set is practically identical to that provided in the interim “new font ROM” release.



The Null  pseudo-character is not individually writeable via the serial interface, but a buffer can be filled with it using the flush commands.  When the holding buffer is transferred to the display buffer, character cells containing the Null character are not updated, except in special cases such as pixellated scrolls. See the individual effect documentation for more details.

Load Entry Buffer Attributes



This command loads the attribute entry buffer with attributes. The first parameter is the cursor position, in the range 01 to 60, mapped to the panels as shown in the table in the “Load Entry Buffer Text” command. Out of range values will result in this command being ignored. Each byte following this is written into the attribute entry buffer, automatically incrementing the write pointer. Once the end of the attribute buffer is reached, any further input is ignored until a Null command is received



Each attribute byte is made up of the following bit mask:



7�6�5�4�3�2�1�0��Swap A & B�Char toggle A�Green Flash A�Red Flash A�Flash A�Flash B�Green Scan�Red Scan��

The red and green scan bits determine which colour planes are enabled, and therefore what final colour results on the display. This is summarised in the following table:



Colour bits�Green-1�Red-2�Green-2�Red-1�Resulting Colour��G=0; R=1�OFF�PIXELS�OFF�PIXELS�Red��G=1; R=0�PIXELS�OFF�PIXELS�OFF�Green��G=1; R=1�PIXELS�PIXELS�OFF�OFF�Normal Yellow��G=0; R=0�OFF�OFF�PIXELS�PIXELS�Reverse Yellow��

Note that in order to set the special “Reverse Yellow” colour without flashing, bit 7 should be set to avoid sending 00 to the display. Bit 7 will not have any effect if none of the other flashing bits are set.



While the two yellows are visually identical under normal circumstances, they can be customised differently by using the special colour plane contrast control commands. They can also be selectively controlled via various non-transfer effects, and will behave differently from each other when subject to the special colour plane scroll effects. See the section on colour planes for more details.



If  the Flash A or Flash B bits are set, the character will be blanked when the appropriate flash clock is active. The flash clocks are mapped as follows:

Flash A is mapped to pins 11 and 12 on RS422 header, QUICC-IDM flash 1

Flash B is mapped to pins 15 and 16 on RS422 header, QUICC-IDM flash 2



The Red and Green flash bits control flashing of the appropriate colour plane. Note that since the flash bits cause their respective colour scan bits to invert, this may cause the opposite behaviour to that which is expected:



Colour bits�Red Flash (b4)�Green Flash (b5)�Colour 1 (flash inactive)�Colour 2 (flash active)��G=0; R=0�1�0�Reverse Yellow�Red��G=0; R=1�1�0�Red�Reverse Yellow��G=1; R=0�1�0�Green�Normal Yellow��G=1; R=1�1�0�Normal Yellow�Green��G=0; R=0�0�1�Reverse Yellow�Green��G=0; R=1�0�1�Red�Normal Yellow��G=1; R=0�0�1�Green�Reverse Yellow��G=1; R=1�0�1�Normal Yellow�Red��G=0; R=0�1�1�Reverse Yellow�Normal Yellow��G=0; R=1�1�1�Red�Green��G=1; R=0�1�1�Green�Red��G=1; R=1�1�1�Normal Yellow�Reverse Yellow��

When flashing between the two yellows (bits 4 and 5 set), there will only be any visual effect if different colour plane contrast values have been set for the two yellows. This is a very powerful facility, since in conjunction with the character toggling facility, the display can be made to flash between two completely different multicolour characters.




The Character Toggle bit 
now works 
differently depending on the type of character being 
affected
:



U
ser defined characters have the bottom bit toggled when the relevant flash clock is active


Normal characters are switched to user defined character 1 when the relevant flash clock is active





For user defined characters, this allows special effects such as animated characters and 
rotating 
borders to be achieved. 
Since there are quite a number of user defined characters available, it could also be used to flash between whole messages; this has been facilitated by the inclusion of the “Copy to User Character” command (see later). Note that if the character toggle bit is set for user defined character 01, special user defined character 00 will result (see the “Define User Character command for more details). 






For normal characters, it is now very easy to make flashi
ng cursors, 
by simply defining the appropria
te cursor char
a
c
ter 
in user defined character 
01
, or copying a ready made char
acter (such as solid block charac
ter 
DB
)
 to it, and then se
tting the 
character toggle flash bit for the character you want to blink. 
Note that this enhancement
 is only available on 
firmware version 1.06 and later
;
 
earlier 
versions simply
 toggled the lower bit on all charac
ters
.





Swap A and B bit, if set, will switch each Red, Green or Character flash bit to work on the opposite flash clock. So b7 & b5 will flash the green colour plane on flash clock B. Note that it will also reverse the operation of the normal  Flash A and Flash B bits, though this is not particularly useful.



Compatibility note: The old QEDD9008 display firmware used just b0-4 for attributes. The colour scan bits and the on/off flash bits have been retained in the same bit positions on the EDF firmware. The old “?” flashing attribute bit has been removed. It is possible that driver software for the old system set higher attribute bits, so that simple ASCII characters could be output; this could cause incorrect flashing to result with the new system, so should be corrected if it is the case.

Fill Entry Buffer Attributes



This command loads a single attribute value into a block of contiguous attribute cells.  The parameter list is as follows:



Address of first attribute cell to write (01 to 60)

Number of cells to write (01 to 60, but see notes below)

Attribute value to write into cells



Note that this command will be rejected if  the first two parameters specify writing to a cell outside the attribute buffer range. So the sum of these parameters must lie within the range 02 to 61 inclusive. 



If required, further attribute values may be written.  These will be stored in the cells following the last cell of the block.  It is therefore necessary to terminate this command with a Null.  Like the normal attribute update routine, any further input after the end of the buffer is ignored.

Fill Entry Buffer Text



This command behaves in exactly the same way as the Fill Entry Buffer Attribute command, except that the text buffer is updated instead of the attribute buffer. Further values written after the fixed parameters will update the text buffer. This command is probably not that useful, but takes up little EPROM space and has been included for completeness.

Flush Text Entry Buffer



This command fills the text and/or attribute entry buffer with spaces or Null  pseudo-characters, depending on the bit mask parameter: %xxxxxATC

C	1:The Space character is used	0: The Null pseudo-character is used

T	Clear the text buffer if set

A	Clear the attribute buffer if set



Note that when Space is selected, the text buffer fills with the <SPACE> character (hex 20) but the attribute buffer fills with “amber, no flash” (hex 03). 

Execute Transfer Effect



This command executes one of the group of effects which transfer the entry buffer, via a holding buffer (allowing overwriting of the entry buffer immediately after the effect has started), onto the display buffer.  The effects always begin by copying the entry buffer onto the holding buffer. When the effect completes, an acknowledgement is sent (see later). The required parameters are as follows:



Transfer effect number (see effects table)

Correlator (returned in completion message)

Step delay time interval in centiseconds (see notes)

Other optional parameters for specific effects

	

All transfer effects take in a correlator, which be returned in a completion message when the effect terminates. Apart from the direct transfer effect (which occurs instantly), all other transfer effects take in a step delay time interval, measure in multiples of 10 milliseconds. Certain effects may require further parameters, although there are no such effects in the current release. See the Transfer Effects section for more details on individual effects.



Note that if this command is sent while the displays are already executing an effect, the effect will be queued, and executed when the current effect completes. While this may appear to be a good idea in theory, there are practical problems with synchronising  panels 2 and 3, which are out of the acknowledgement feedback loop. Therefore, effect queuing is not recommended, and instead, a full completion should be obtained from all panels, as described in the “Effect Synchronisation” section later in this document.

Execute Non-Transfer Effect



This command executes one of the group of effects which operate only on the contents of the current display buffer.  The contents of the entry and holding buffers have no effect on the result of these operations. With the current EDF implementation, these effects exclusively deal with contrast and colour control, and do not affect the pixel data at all. The required parameters are as follows:



Non-transfer effect number (see effects table)

Correlator (returned in completion message)

Step delay time interval in centiseconds

Number of complete cycles required

Other optional parameters for specific effects



The correlator and time interval are as defined for the transfer effects, but in addition, non transfer effects can be specified to run for a number of complete cycles. Most of these effects are designed to be orthogonal, so that the second cycle runs the effect in reverse to the first cycle, resulting in the same display output as at the start. Some of the effects take in extra parameters. See the Non-Transfer Effects section for more details on individual effects.



Note that non-transfer effects can be queued in the same way as transfer effects, and are handled identically by the scheduler. However, as discussed in the section on transfer effects, effect queuing is not generally recommended due to synchronisation issues with panels 2 and 3.

Flush Effect



This command flushes the effects queue and/or currently executing effect, depending on the bit mask parameter: %xxxxRAEQ



Q	Flush any effect currently queued behind the executing one, if set

E	Flush the currently executing effect, if set

A	Acknowledge flush if set

R	Resynchronise DMA buffer if set



A flushed effect never generates a completion.  Flushing a non-existent effect is allowed; nothing will happen.  Flushing only the executing effect in the case where a second effect is queued will result in the queued effect being executed immediately.  Flushing only the queued effect will result in a completion from the executing effect when it terminates, but not one from the queued effect.



Requesting an acknowledge will cause a Flush Effect Acknowledge to be transmitted once the flush command has been executed.  Sending a 00 character followed by a Flush Effect command, requesting an acknowledge, is the best way of flushing the system. Once the acknowledge has been received there can be no outstanding transmits from old commands.



If the Resynchronise DMA buffer flag is set, the raw display pixel data is updated from the contents of the current display text and attribute buffers. This ensures that a clean display results when a pixellated effect is terminated, and that no garbage is left lying around. Essentially, the resulting display is what would appear if the effect was allowed to terminate naturally (except in a few special cases, where it will be the display at the beginning). Note that a DMA resync will also reset the auto flash timer, to prevent any contention issues.



Note that in exceptional circumstances, the display system will not be able to act immediately on a “Flush Effect” command, due to slow serial processing. This is only likely to occur with highly CPU intensive effects (such as pixellated scrolls), running “flat out” at their maximum speed. For this reason, it is advisable to apply a timeout of a few seconds on reception of the Flush Effect Acknowledge, if one has been requested.

Auto-Flash Mode



This command is used to enable/disable auto-flash, and also to set the timeout after which the auto-flash becomes active after certain transfer effects have finished executing. The single parameter is a value from 01 to FF:



01	Disable auto-flash

02-FF	Enable auto-flash, with a timeout of (nn-1)*10ms.



Auto-flash mode works in a similar manner to the flashing on the original QEDD9008 display firmware, except that the display is reset to an “unflashed” state whenever certain transfer effects are started or certain other operations are performed on the system. Once the effects or operations have completed, it will become active again after the specified timeout has expired.



Auto-Flash Mode defaults to 40ms timeout on a reset or power-up, which is the recommended figure for normal operation. It is fast enough not to show a visible lag when the effects stop running, but slow enough to prevent flickering if effects are being run back-to-back..



Note that auto flashing will only be reset by pixellated transfer effects, or certain other transfer effects such as random character updates. It is also reset when a “resync” flush is being performed (see above). Most character based transfer effects and direct updates will not affect auto flashing, and will update flashing characters seamlessly. All non-transfer effects will not affect flashing either, so flashing will continue with all colour fades and rolls, etc. Be warned, however, that flashing is quite CPU intensive, so there may be an adverse effect on some non-transfer effects (slowing down & mismatched across panels) if more than about 50% of characters per panel are flashing, and both the effect and flashing are running at a reasonably high rate.

Dump Character Set



This command can be used to interrogate the display’s character set.  The parameter controls whether the ROM, RAM or both sets are transmitted.  Note that this command results in a large amount of data being sent, so should only be used for debugging purposes.  The display module will effectively halt during the transmission of the data, and will not accept other commands.  Only panel 1 responds to this command.  The parameters are: 



34	Magic number

%xxxxxxUR

U : Transmit User Defined Graphics area (characters 01 to 1F) when set

R : Transmit ROM character area (characters 20 to FF) when set



The transmitted data consists of a set of eight bytes per character as follows:

ch	Character number

r1	Top row dot data

rx	... five middle rows of dot data ...

r7	Bottom row dot data



The dot data will always have bit 0 set; the format is the same as for the Define Character command.  Characters will be transmitted in consecutive order, starting with character 01 of the UDG RAM block and finishing with character FF of the ROM block.  Before the block of characters is sent, a Null serial reset character  and a Dump Character Set acknowledgement character are transmitted.  Note that at 12500 baud a full character set will take over 1.6s to transmit and will result in nearly 2Kb of data.



The transmission stream is terminated with a single-byte checksum.  This is the 2’s complement sum of all the preceding bytes, including the Dump Character Set acknowledgement byte.  Adding all the transmitted bytes together modulo-256 should yield zero.

Define User Character



This command allows the redefinition of the character shapes of the User Definable Character group. The first parameter is the character number for redefinition (01-20), where a value of 20 actually defines character 00 internally. Out of range values will be masked to fit in this range. The next seven bytes form the new character’s shape as shown in the table.  Bit 0 should always be set to avoid sending the Null command for lines with no pixels illuminated.





�b7�b6�b5�b4�b3�b2�b1�b0�Example Byte��Byte 1������Unused�Unused�1�71��Byte 2������Unused�Unused�1�89��Byte 3������Unused�Unused�1�89��Byte 4������Unused�Unused�1�F9��Byte 5������Unused�Unused�1�89��Byte 6������Unused�Unused�1�89��Byte 7������Unused�Unused�1�89��

The user defined character 00 is a special case, since it will only be visible if character 01 is affected by the “character toggle” flashing attribute. Since zeros cannot be sent as valid command parameters, this character is defined by passing in 20 as the character number.

Copy to User Defined Character



This command simply copies the specified source character into the destination character in the User Definable Character group. The first parameter is the destination character number in the range (01-20), where a value of 20 actually selects character 00 internally. Out of range values will be masked to fit in this range. The second parameter is the source character number in the range (01-FF); this allows copying of any fixed ASCII character (20-FF) or any normal user defined character (01-1F). This command is useful when using the character flashing attributes (see the “load attributes” command for more details). 



Note that the special user defined character 00 can only be copied to, and cannot be copied from. It is selected as a destination character 20, but a source value of 20 selects the normal space character. Hence copying from 20 to 20 will copy the space character into user defined character 00.

Request Serial Bus



This command is issued to request that the display panel release the serial transmit bus by turning off its RS422 driver.  When the acknowledge is transmitted, the panel will turn its transmitter off.  The receiving station should assume that the bus has become free when 3.2ms (four byte times at 12500 baud) have elapsed after receiving the acknowledge from the display panel.  This ensures that there is little risk of contention.



Note that the display panel may not release the serial bus immediately.  If there is a pending effect response, the system will wait until the current effect (and possible second double-buffered effect) has completed and the acknowledge transmitted before replying and releasing the bus.  If the controlling software keeps queuing  new effects, this delay will be indefinite.



If an action requiring a response is carried out while the display panels do not own the serial bus, no response will be generated.  If the bus is relinquished just before a response is due, the response will be transmitted.  It is therefore recommended that the serial bus is always under the ownership of  the display firmware when display communication or action is occurring.



If a reboot command or external reset is issued, the panels will revert to non-ownership of the serial bus.  A Relinquish Serial Bus command must therefore be sent before proper acknowledges will be available.



Parameter:

	34	Magic number

Relinquish Serial Bus



This command signals to the display panels that they may again use the serial transmission bus.  It should be issued after any external hardware has finished driving the bus.  The display panel 1 will immediately enable its transmitter again.  The disabled state is the default at reset so this command needs to be issued at boot time before correct panel communication can begin.  No acknowledge is transmitted.



Parameter:

	34	Magic number

External Peripheral Commands



This block of commands is reserved for non-display panel applications, including the QUICC-IDM board.  When the display panels receive one of these commands, they will go into an ignore data state where they will remain until a 00 communications terminator is received.  It is therefore important that any messages within this range are terminated with the Null byte, even if they are of determinable length.  It is, of course, possible to omit the Null terminator between consecutive non-display-panel messages.



Note that it is not possible to communicate with external peripherals (other than the QUICC-IDM board) while the display panels own the serial bus, as garbled transmission and electrical contention will occur, possibly causing damage over an extended period.  Therefore, before starting external communication, the calling entity should send a “Request Serial Bus” command, and wait for the acknowledgement before proceeding. At this point, all display panel RS422 transmit drivers will be disabled, guaranteeing bus availability. Once external communication has completed, the “Relinquish Serial Bus” command should be sent, which will restore normal display panel communications. It is recommended that the ownership of the transmit bus is left with the display panels except for the duration of communication bursts to external devices.



The QUICC-IDM board is a special case, as its transmitter is not directly connected to the RS422 bus, but instead is gated with the display panel communications at a logical level. This means that electrical contention cannot occur, though garbled transmission will still result if both QUICC-IDM and the display panels attempt communication at the same time. Therefore, while it is possible to communicate with QUICC-IDM without requesting the serial bus, this should only be done while no effects or other display panel transactions are outstanding.

Acknowledgements



Acknowledgements are sent from panel 1 (unless otherwise stated), as a direct response to a command, when major operations are complete or when an error occurs.  Acknowledgements and other messages transmitted on the RS422 bus use a similar protocol to the command stream, and will always be preceded by a 00 character. Note that where acknowledgements are sent from panels other than panel 1, the specified command procedure must be followed very closely, in order to avoid RS422 bus contention. The following table lists the acknowledgements available from the system:



Byte�Acknowledgement  Description�Extra Data��01�Report panel 1 version�Version number��02�Report panel 2 version�§ Version number��03�Report panel 3 version�§ Version number��10�Effect complete�Correlator��11�Effect queued behind current one�Correlator��12�Effect ignored - queue already full�† Correlator��13�Flush Effect complete�None��20�Dump character set header�Character data��21�Report system status�§ Status data��22�Reserved for debug use���30�Serial buffer overflow�† None��31�Effect overspeed indication�† Correlator; effect step time��E0�Tx-Bus free for external use�None��E2-FF�Reserved for external peripherals�[any]��

§	These acknowledgements may be sent from panels other than panel 1.

† These acknowledgements are only sent under special circumstances.

All acknowledgements transmitted from the display panel will be preceded by a 00 (Null) character.

Effect Acknowledgements



When a transfer or non-transfer effect completes, it will always send an Effect Complete acknowledgement, with the same correlator value as that originally sent in the Execute Effect command. If the calling entity increments the correlator whenever it runs an effect, it can match the completion messages to the effects and keep track of the transactions with the displays.



If an effect is queued while one is already executing, an Effect Queued acknowledgement will be sent, and the queued effect will start after the existing effect has completed (and sent its acknowledgement). If an attempt is made to queue an effect when one is already queued (and another is already executing), an Effect Ignored acknowledgement will be sent and the new effect will not be processed.



Note that queuing effects is not generally recommended, due to the problems with synchronising panels 2 and 3, which are out of the acknowledgement feedback loop. Instead, a full completion should be obtained from all panels, as described in the “Effect Synchronisation” section later in this document.

Serial Buffer Overflow



This acknowledge may be sent any time the system is receiving serial characters. It indicates the internal buffering could not cope with the input data rate, and that some bytes will have been lost. The controlling system should abandon the current message, send a 00 (null) to the display and restart, preferably updating the whole display immediately.



Overflow situations are not expected during normal operation and this message is implemented as a precautionary measure only. 



It should be noted that when the system is executing a Request ID command, it is not free to accept further serial input. If, during the Request ID duration (320ms) more than about 240 bytes of serial data are sent to the display panels, a serial buffer overflow will occur.



It is also possible that this error could occur if more than about 260 bytes of data is sent while the displays are running pixellated scrolls “flat out”. This is because only minimal serial processing is performed if effects are running at maximum speed with no time to spare. This should not be a problem in practice, since even a full text and attribute load consume less than this limit. However, care should be taken to avoid sending a lot of individual text/attribute load or contrast adjust messages while effects are running “flat out”.

Effect Overspeed Indication



This acknowledgement may be sent before the effect complete acknowledgement is sent, and indicates that one or more individual effect steps took longer to execute than the requested step time. It will always be sent for effects that are running “flat out” (e.g. Pixellated scrolls), but may be occasionally sent for other effects that are running with minimum step delays. It does not indicate a problem with the system, but simply serves as a useful indication of how heavily loaded the internal CPUs are.



The acknowledgement was originally implemented as a method for the PC to “throttle” effects, so that they did not overspeed, and indeed, early implementations of the EDF firmware implemented “self throttling”, where the panels automatically slowed down if they ran overspeed. This created far more problems than it solved, and in fact, the EDF firmware can happily run overspeed without any problems being apparent. The returned speed value originally indicated the throttled value, so the PC could adapt to this speed, but since self throttling has been removed, it simply indicates the original speed of the effect.

Effect Synchronisation



There is a potential problem with multi-panel displays in that all effect completions are generated by panel 1. It is possible that panel 1 runs slightly faster than one or other of the remaining panels and if this is so, will generate an effect completion before the rest of the display has completed the effect.



In order to avoid dropping effects or corrupting effect data, it is important that a new effect is not queued until the current queue space is empty on all panels. This may be ensured by using the following polling scheme:



An effect has been sent to the display system

A Request Serial Bus command is sent to the display

The display panel 1 responds to the bus request when both the queued and running effects have completed – i.e. it is now completely idle and ready for a new effect

The bus is now available so a System Poll command is sent to the display with panel 2’s ID as the parameter. Panel 2 will respond as soon as it can. If panel 2 is still executing the effect then the poll can be completed at regular intervals until it has finished.

The polling algorithm is repeated for panel 3

All panels have now completed their effects and so a Relinquish Serial Bus command is sent to give the bus back to panel 1. A new effect can then be started.

Transfer Effects



The following table lists all the transfer effects available from the EDF firmware. Apart from the direct transfer effect, all take in two parameters; the correlator and the time interval in multiples of 10ms. The correlator will be returned in the acknowledge message when the effect terminates, while the time interval is the delay between effect steps. Note that some effects cannot run at full speed, due to processing constraints; these are marked with a ‘*’ in the table below:



Byte�Effect Description�Parameters���Various Static Effects���01§�Direct transfer�Correlator��02�Random character update�Correlator; Time interval��03�Full Random Pixellated Dissolve�Correlator; Time interval���Horizontal Character Wipes���08§�Horizontal Character wipe, left to right�Correlator; Time interval��09§�Horizontal Character wipe, right to left�Correlator; Time interval��0A§�Horizontal Character wipe interlaced right first�Correlator; Time interval��0B§�Horizontal Character wipe interlaced left first�Correlator; Time interval���Pixellated Character Cell Wipes���10�Pixellated Character Cell wipe, left to right�Correlator; Time interval��11�Pixellated Character Cell wipe, right to left�Correlator; Time interval��12�Pixellated Character Cell wipe, top to bottom�Correlator; Time interval��13�Pixellated Character Cell wipe, bottom to top�Correlator; Time interval���Sequential (Line by Line) Character Wipes���18§�Sequential Character wipe, left to right, top to bottom�Correlator; Time interval��19§�Sequential Character wipe, right to left, top to bottom�Correlator; Time interval��1A§�Sequential Character wipe interlaced, top to bottom�Correlator; Time interval��1B§�Sequential Character wipe, left to right, bottom to top�Correlator; Time interval��1C§�Sequential Character wipe, right to left, bottom to top�Correlator; Time interval��1D§�Sequential Character wipe interlaced, bottom to top�Correlator; Time interval���Full Frame Pixellated Scrolls���20*�Pixel Scroll Full Frame from left to right�Correlator; Time interval��21*�Pixel Scroll Full Frame from right to left�Correlator; Time interval��22*�Pixel Scroll Full Frame interlaced �Correlator; Time interval���Sequential (Line by Line) Pixellated Scrolls���23�Pixel Scroll sequential left to right�Correlator; Time interval��24�Pixel Scroll sequential right to left�Correlator; Time interval��25�Pixel Scroll sequential interlaced�Correlator; Time interval���Pixellated Character Cell Scrolls���28*�Pixellated Character Cell scroll, left to right�Correlator; Time interval��29*�Pixellated Character Cell scroll, right to left�Correlator; Time interval��2A*�Pixellated Character Cell scroll, top to bottom�Correlator; Time interval��2B*�Pixellated Character Cell scroll, bottom to top�Correlator; Time interval���Colour Plane Scroll Effects���30�Colour Plane Scroll from left to right�Correlator; Time interval��31�Colour Plane Scroll from right to left�Correlator; Time interval��32�Reversed Colour Plane Scroll from left to right�Correlator; Time interval��33�Reversed Colour Plane Scroll from right to left�Correlator; Time interval��34�Colour Plane Scroll bi-directional �Correlator; Time interval��35�Reversed Colour Plane Scroll bi-directional �Correlator; Time interval��36�Colour Plane Scroll interlaced �Correlator; Time interval��37�Reversed Colour Plane Scroll interlaced �Correlator; Time interval���Horizontal Pixellated Wipe Effects���50�Horizontal Pixel wipe, left to right�Correlator; Time interval��51�Horizontal Pixel wipe, right to left�Correlator; Time interval��52�Horizontal Pixel wipe interlaced �Correlator; Time interval��54�Horizontal Pixel wipe out to in (implode)�Correlator; Time interval��55�Horizontal Pixel wipe in to out (explode)�Correlator; Time interval��56�Horizontal Pixel wipe Panel out to in (implode)�Correlator; Time interval��57�Horizontal Pixel wipe Panel in to out (explode)�Correlator; Time interval���Vertical Pixellated Wipe Effects���60�Vertical Pixel wipe top to bottom�Correlator; Time interval��61�Vertical Pixel wipe bottom to top�Correlator; Time interval��62�Vertical Pixel wipe interlaced �Correlator; Time interval��64�Vertical Pixel wipe out to in (implode)�Correlator; Time interval��65�Vertical Pixel wipe in to out (explode)�Correlator; Time interval���Pixellated Character Dissolve Wipes���70�Pixellated character Dissolve wipe, left to right�Correlator; Time interval��71�Pixellated character Dissolve wipe, right to left�Correlator; Time interval��72�Pixellated character Dissolve wipe top to bottom�Correlator; Time interval��73�Pixellated character Dissolve wipe bottom to top�Correlator; Time interval��

* These effects cannot run at the maximum speed due to lack of CPU power

§ These effects allow flashing to operate while they are running

All time intervals are in multiples of 10ms

Parameter order is: Correlator (always present); Time interval (if required); other parameters

Direct Transfer



This effect merely transfers the data in the effect holding buffer onto the display.  Text or attribute cells containing the Null character are not transferred. As it completes in one cycle, no time interval is required, though one will be ignored if supplied. Note that direct updates do not adversely affect auto flashing, and will seamlessly update flashing characters.

Random Character Update



This effect updates the characters on the display one at a time in a pseudo-random fashion.  Each panel will update a single character per effect cycle, and a different character will be chosen on each panel to prevent the effect looking too regular.  The effect will complete after 32 steps.

Full Random Pixellated Dissolve



This effect updates the pixels of all characters on the display in a pseudo-random fashion.  One pixel of each character is updated per cycle, and a different pixel is chosen on each character to prevent the effect looking too regular.  However, if more than one panel is fitted, the same pixels on equivalent character positions will be updated, though this does not cause any noticeable regularity.  The effect will complete after (32 * 35) steps.

Horizontal Character Wipes



The right to left and left to right wipes progressively overlay the new display image, starting from an edge and updating a character column every time interval. The effects run over the width of the current display size and will take (8 * number of panels) steps  to complete. Since they update a character at a time, they run very rapidly compared to the pixellated wipes.



The interlaced  wipes progressively overlay the new display image, starting each row from an alternate edge and updating a set of four vertical characters every time interval.  The effects run over the width of the current display size and will take (8 * number of panels) steps to complete.



Note that any “Null” characters or attributes are not updated by this effect, and will be unchanged from when the effect started. Also note that these effects do not adversely affect auto flashing, and will seamlessly update flashing characters.

Pixellated Character Cell Wipes



These effects update one pixel column (horizontal effects) or one pixel row (vertical effects) of every character cell in the display, leading to a very rapid update with few steps. The same column/row is updated on every character, leading to a very regular effect. The horizontal effects take 5 steps to complete, while the vertical effects take 7 steps to complete.

Sequential (Line by Line) Character Wipes



The top to bottom effects update one character per step, starting at the top of the display, wiping across each row in turn and progressively working downwards.  The bottom to top effects work in the same way, except that they start at the bottom and progressively work upwards. Interlaced effects will start at the opposite end of each row to the row above, where the other effects always start at the same end of the row. These effects will take (8 * number of panels) steps to complete. Note that these effects do not adversely affect auto flashing, and will seamlessly update flashing characters.

Full Frame Pixellated Scroll Effects



These effects scroll the entire display in the specified directions. A full pixellated scroll is performed, which means that the display text is fully readable while being scrolled. It will also appear to slant due to the lag between processing individual pixel lines; this slanting is common to most scrolling LED displays, and gives an attractive appearance. The interlaced effects scroll adjacent lines in opposite directions, while the other effects scroll the display in the same direction. The effect will take (40 * number of panels) steps to complete.



Normally, the effect will scroll the entire display frame, and ignore “Null” characters/attributes, which will in effect be scrolled (the “new” character in a Null position will in fact be the “old” character). However, if an entire display line is full of Null characters, it will not be scrolled, so partial line updates can be achieved by only updating specific lines in the Entry Buffer. Note that only Null characters are treated in this manner; Null attributes will simply result in the old attributes being scrolled in.



Note that these are extremely CPU intensive effects, and as such, can only run at a reduced speed. If the full frame is being scrolled, the effect will run at half speed, an equivalent of 20ms time interval. Reducing the number of lines being scrolled does speed the effect up, and it will run at more or less full speed if only two lines or less are being updated.



Also note that scrolls will appear a bit “jumpy” while they are operating, due to the physical character layout on the display. Since there are gaps between the LED modules, the scrolled characters will appear somewhat disjointed when moving between character cells; however, this does not significantly degrade the visual appearance of the effect, and it is still very impressive, and far better than the character based scrolls achievable with the old system.



Another point to note is that if the effect is running “flat out” at maximum speed, it can appear slightly disjointed between panels. This is because the scroll algorithm speed depends on the data on display, and therefore the panels may get slightly out of step with each other. Again, this does not cause significant visual problems.

Sequential (Line by Line) Pixellated Scroll Effects



These effects scroll the each line of the display in the specified directions from top to bottom. A full pixellated scroll is performed, which means that the display text is fully readable while being scrolled. The interlaced effects scroll adjacent lines in opposite directions, while the other effects scroll each display line in the same direction. The effect will take (40 * 4 * number of panels) steps to complete.



Note that unlike the full frame effects, all four lines are sequentially scrolled, regardless of the “Null” character settings. Partial sequential updates would probably not be of much use, but could be achieved by calling the full frame effect for each line in turn.



Since only one line is being updated at a time, these effects can run at maximum speed (10ms intervals)

Pixellated Character Cell Scrolls



These effects scroll the characters in each cell, either horizontally or vertically. The vertical effects look especially impressive, and are in fact the only vertical scroll effects available. Additionally, the effects offer full partial update capability, based on character data only; “Null” characters will simply not be scrolled, but “Null” attributes will result in the old attributes being retained. The horizontal effects take 5 steps to complete, while the vertical effects take 7 steps to complete.



Note that these effects are very CPU-intensive, and cannot run at full speed; however, since they are very short, you would not generally want full speed operation, and therefore this is not a problem. However, if you are using partial updates that are not even across all panels (i.e. some panels have more null characters than others), and the effects are running “flat out”, then it is quite likely that the panels will get out of step with each other due to the varying workload. Therefore, to avoid this, run the vertical effects at 20ms intervals and the horizontal effects at 40ms intervals if you are using uneven partial updates. 

Colour Plane Scroll Effects



These effects produce quite spectacular results by scrolling the two colour plane scan phase pairs (green1/red2 and green2/red1) one after the other. They work best if new text is being scrolled into a blank display, or vice-versa, and if only normal and reverse yellow attributes are used, preferably on different lines. The yellow text will appear to split into red and green colours, which will “slide” transparently over each other. This effect looks really dramatic, and effectively uses “hardware acceleration”, since there would just be not enough CPU power to be able to achieve it purely with software.



All effects run in two phases, and therefore take twice as many steps to complete as their full frame counterparts, namely (40 * 2 * number of panels) steps. However, since only half as much data is being scrolled at any given time, they can run at full speed (10ms intervals), although there will still be some slight disjointed appearance between panels at this speed.



The “normal” and “reverse” colour plane effects define which colour plane pair is scrolled first, and in conjunction with the character attributes will define whether the scrolling characters will be red or green. This is summarised in the following table.



Effect�Phase�Normal Yellow Attribute�Reverse Yellow Attribute��Normal�First�Green�Red��Normal�Second�Red�Green��Reverse�First�Red�Green��Reverse�Second�Green�Red��

While it may appear to be overkill having the “normal” and “reverse” effects, they take up negligible EPROM space (a few tens of bytes in total), and do allow different custom colours to be split in different ways.



The special bi-directional effects work as for the normal right to left and left to right effects, except that the direction of the two effect phases is reversed. The first phase always runs right to left, and the second phase always runs left to right. Note that this effect only updates the display text and attribute buffers when the second phase begins, so if aborted with a resync during the first phase, the original data will be displayed.



Note that the red and green colours in the two phases will be dimmer than the “normal” red and green colours, because they only represent one scan phase, as opposed to the normal two. For this reason, these scrolls should be run with the display at maximum contrast. Also note that if “normal” red and/or green attributes are being scrolled, they will always split into two dimmer versions of the matching colour, limiting the usefulness of the effect. If new data is being scrolled in with existing data on display, the effect may result in a bit of a confused mess, limiting its visual appeal.

Horizontal Pixel Wipes



These operate in a similar way to the character wipes, except that individual pixel columns are progressively updated. For this reason, they are 5 times slower in operation, taking (40 * number of displays) steps to complete. Note that only full frame effects are available, as sequential effects would probably look a little slow. They can be achieved, however, by running the effect four times, updating each line in turn.



The “implode” and “explode” effects come in two flavours. The first splits the entire display down the middle, and wipes inwards from the edges or outwards to the centre as appropriate, taking (20 * number of displays) steps to complete. The second performs this split on each display panel, resulting in three splits on a 3 panel system, and always takes 20 steps to complete. For a single panel system, there will be no visual difference between these two effect categories.

Vertical Pixel Wipes



These progressively update pixel rows vertically on the display, and operate in various directions. The unidirectional effects operate from top to bottom, or bottom to top, and take 28 steps to complete. The interlaced effect takes the same time to complete, but reverses the direction of the update between characters, resulting in a “meshed” effect. The “implode” and “explode” effects either implode from the edges to the centre, or explode from the centre to the edges, and take 14 steps to complete.

Pixellated Character Dissolve Wipes



These special effects progress in a similar way to the normal character wipes, except that each character column (horizontal) or row (vertical) are subject to the full pixellated dissolve effect before the next column or row is selected. The effects look reasonably impressive, but are rather slow, the horizontal effects taking (35 * 8 * number of panels) steps to complete, and the vertical effects taking (35 * 4) steps to complete.

Non-Transfer Effects

The following table lists all the non-transfer effects available from the EDF firmware. All effects take in at least three parameters; the correlator, the time interval in multiples of 10ms and the number of complete cycles to run; therefore, only additional parameters are shown in the table below. The contrast and colour fade effects also take in a couple of contrast values (between 01 and 24), defining the starting and finishing contrast of the affected colour planes; if these effects are run for more than one cycle, the fade will reverse, with the result that after an even number of cycles, it will be back to the starting value. 



Note that like the normal contrast setting commands, these effects are also affected by the “low contrast” hardware bug (see above). Also note that none of these effects inhibit or otherwise affect auto flashing, so can work quite happily with flashing characters. Be warned, however, that if more than about 50% characters per panel have flashing attributes set, this may cause these non-transfer effects to be slowed down, possibly resulting in an uneven appearance across the panels. See the Auto Flash Mode section for more details.



Byte�Effect Description�Additional Parameters †���Contrast Fade Effects���01�Fade Normal yellow attribute�start contrast, finish contrast��02�Fade Reverse yellow attribute�start contrast, finish contrast��03�
Fade E
ntire D
isplay (both normal and reverse yellow)�start contrast, finish contrast��
04�
Cross F
ade Normal and Reverse yellow�start contrast, finish contrast��
05
*
�
Cross F
ade 
r
ed
 and 
g
reen
 attributes
�start contrast, finish contrast���Colour Fade Effects���10�Fade Red2 plane (normal yellow fades to green)�start contrast, finish contrast��11�Fade Green1 plane (normal yellow fades to red)�start contrast, finish contrast��12�Fade Red1 plane (reverse yellow fades to green)�start contrast, finish contrast��13�Fade Green2 plane (reverse yellow fades to red)�start contrast, finish contrast��14�Fade Red1 and Red2 planes (both yellows fade to green)�start contrast, finish contrast��15�Fade Green1 and Green2 planes (both yellows fade to red)�start contrast, finish contrast��16�Fade Red2 and Green2 planes (normal green, reverse red)�start contrast, finish contrast��17�Fade Red1 and Green1 planes (normal red, reverse green)�start contrast, finish contrast��18�Cross fade both Red1 and Red2 planes�start contrast, finish contrast��19�Cross fade both Green1 and Green2 planes�start contrast, finish contrast��1A�Cross fade both Red2 and Green2 planes�start contrast, finish contrast��1B�Cross fade both Red1 and Green1 planes�start contrast, finish contrast���Simple Colour Roll Effects���20�Roll Normal yellow colour plane downwards���21�Roll Reverse yellow colour plane downwards���22�Roll Normal yellow colour plane upwards���23�Roll Reverse yellow colour plane upwards���24�Roll Both yellow colour planes downwards���25�Roll Both yellow colour planes upwards���26�Roll Normal yellow down and Reverse yellow up���27�Roll Normal yellow up and Reverse yellow down����Combined Colour Roll Effects���30�Full Roll down through both yellow attributes���31�Full Roll up through both yellow attributes���32�Roll down through normal and up through reverse ���33�Roll up through normal and down through reverse ����Buffered Simple Colour Roll Effects���40�Buffered Roll Normal yellow colour plane downwards���41�Buffered Roll Reverse yellow colour plane downwards���42�Buffered Roll Normal yellow colour plane upwards���43�Buffered Roll Reverse yellow colour plane upwards���44�Buffered Roll Both yellow colour planes downwards���45�Buffered Roll Both yellow colour planes upwards���46�Buffered Roll Normal yellow down and Reverse yellow up���47�Buffered Roll Normal yellow up and Reverse yellow down����Buffered Combined Colour Roll Effects���50�Full Buffered Roll down through both yellow attributes���51�Full Buffered Roll up through both yellow attributes���52�Buffered Roll down through normal and up through reverse ���53�Buffered Roll up through normal and down through reverse ����Transpose Buffer and Live Contrast���60�Transpose buffered & live contrast for normal yellow���61�Transpose buffered & live contrast for reverse yellow���62�Transpose buffered & live contrast for both yellow attributes���


* These 
effects are on
ly available on firmware versions 1.06 and greater.



† Parameter order is: Correlator; Time interval; Number of cycles; additional parameters specific to effects.

Contrast Fade Effects



These effects fade one or both colour plane pairs (affecting normal yellow, reverse yellow or both yellow attributes) between the specified limits. On the first cycle, the contrast is faded from the start value to the finish value; on the second cycle (if specified), it is faded back to the start value. This operation repeats for the number of specified cycles.



The 
E
ntire D
isplay
 
fade 
affects everything on display to the same degree, regardless of the attributes, and is effectively like stringing a number of normal contrast setting commands together. The 
Normal and Reverse yellow 
fades only 
affect the specified
 yellow attribute, and the red and green attributes to a lesser degree (since only one red and one green colour plane are being faded). 




The special 
Norma
l/Reverse yellow
 
C
ross F
ade
 routine fades the 
two 
colour plane pairs out of phase; the normal yellow attribute fades  from the start value to the finish value, while the reverse yellow attribute fades from the finish value to the start value.





The special 
Red/Green
 
C
ross F
ade
 routine fades the 
red and green colour planes
 out of phase; the 
green
 attribute fades  from the start value to the finish value, while the 
red
 attribute fades from the finish value to the start value.
 If yellow attributes are used, they will fade between green and red, though in the middle
 the resulting yellow colour is 
rather muddy and dim
.
 
Note that this effect is only
 available on firmware version
s
 1.06 and later.





All contrast values are specified in the range 01 to 24 inclusive, and are affected by the “low contrast” hardware bug, so should usually be set to no less than 03. If a specified value is out of range, the effect terminates immediately.



Note that these effects take a variable number of steps to complete, which is basically the difference between the two contrast values. The total completion time will be 
(number of steps * 
time interval
 * number of cycles).


Colour Fade Effects



The single colour plane effects fade the selected plane between the specified limits, effectively adjusting the colour of the affected yellow attribute. As the affected plane is faded down, the other colour becomes dominant, so fading down the green plane will cause the character to become red and vice versa.



The twin colour plane effects fade two colour planes simultaneously, but each plane belongs to a different pair, so both yellow attributes are affected. The Red1/Red2 and Green1/Green2 effects will affect both yellow attributes in the same way, while the Red1/Green1 and Red2/Green2 will cause the two yellow attributes to fade to different colours. This is summarised in the following table, assuming the affected planes are being faded downwards
 (brighter to dimmer)
:



Plane 1�Plane 2�Normal Yellow Attribute�Reverse Yellow Attribute��Red2�Red1�Becomes Green�Becomes Green��Green1�Green2�Becomes Red�Becomes Red��Red2�Green2�Becomes Green�Becomes Red��Green1�Red1�Becomes Red�Becomes Green��

The special cross fade routines fade the colour plane pairs out of phase; the normal yellow attribute colour plane fades  from the start value to the finish value, while the reverse yellow attribute colour plane fades from the finish value to the start value. The result is that one attribute will become “more yellow”, while the other becomes “less yellow”.



All contrast values are specified in the range 01 to 24 inclusive, and are affected by the “low contrast” hardware bug, so should usually be set to no less than 03. If a specified value is out of range, the effect terminates immediately.




Note that these effects take a variable number of steps to complete, which is basically the difference between the two contrast values. The total completion time will be 
(number of steps * 
time interval
 * number of cycles).


Simple Colour Roll Effects



These effects rely on the colour plane contrast having been set differently for the individual pixel lines, so that multicolour characters result. They simply “roll” the pixel line contrast values upwards or downwards, effectively rotating them through the character as if was a circular buffer. If the contrast values are set up to gently fade the colour of the character across its height, a fairly impressive effect will result, with coloured bands rolling across the character. However, the Combined and Buffered effects can achieve much better results - see later. 



The roll down effects will shift all the pixel lines down once per effect step, and put the original bottom line contrast in the top pixel line. The roll up effects will shift all the pixel lines up once per effect step, and put the original top line contrast in the bottom pixel line. The combined roll down and roll up effects will rotate one colour plane one way, and the other plane the other way.



The single colour effects will roll the affected attribute (either normal or reverse yellow), leaving the other attribute untouched. The twin colour effects affect both attributes simultaneously, but the two rolls remain completely self contained, and do not affect each other. This is unlike the combined effects described below.



These effects will all take 7 steps to complete one cycle, making the total completion time 
(
7 
* time interval *
 number of cycles
)
.

Combined Colour Roll Effects



These effects are far more impressive than the simple colour rolls, as they rotate through both colour attributes, giving twice as many steps in total. To achieve the best results, the two attributes should have smooth colour fades across their height, and either mirror or match each other, depending on the effect. The unidirectional rolls require mirrored contrast settings, while the bi-directional rolls require matching contrast settings. For the display to look correct, the character attributes should be set as follows on the four lines of characters:



Normal Yellow Attributes��Reverse Yellow Attributes��Normal Yellow Attributes��Reverse Yellow Attributes��

For example, assuming a unidirectional effect is to be run, if the normal yellow attribute fades from yellow down to red, the reverse yellow attribute should fade from red down to yellow. When the effect is run, a smooth coloured ripple will travel across the display, which looks really cool.



These effects will all take 14 steps to complete one cycle, making the total completion time 
(
14 
* time interval *
 number of cycles
)
.


Buffered Simple Colour Roll Effects



These effects require that the buffered colour plane contrast values have been set up before they are run, and simply use the buffer as an extension of the effect. They effectively roll 14 lines of contrast through 7 visible display lines, allowing a more impressive result to be achieved
 since twice as much contrast data is available. Like the simple colour roll effects, the two attributes are updated individually, and do not affect each other. Th
is
 also applies to the buffers, so the Normal yellow buffered values only affect the Normal yellow attribute values, and the Reverse yellow buffered values only affect the Reverse yellow attribute values. These effects obviously work best if the buffer values are set to mirror the “live” character contrast values.



These effects will all take 7 steps to complete one cycle, making the total completion time 
(7 
* time interval *
 number of cycles
)
.
 
After one cycle, the “live” and buffered contrast data will effectively have been transposed, so it takes two complete cycles for the contrast values to be restored to their starting values.

Buffered Combined Colour Roll Effects



These effects offer the most versatility, as they effectively roll 28 lines of contrast values through 14 visible display lines, combining the two buffers with the two character attributes. The order of rolling for the various effects is:



Order�Roll down�Roll up�Norm down, Rev up�Norm up, Rev down��First�Normal Buff�Reverse Buff�Normal Buffer down�Normal Buffer up��Second�Reverse Buff�Normal Buff�Reverse Buffer up�Reverse Buffer down��Third�Normal Yell�Reverse Yell�Normal Yellow down�Normal Yellow up��Fourth�Reverse Yell�Normal Yell�Reverse Yellow Up�Reverse Yellow down��

Note that the bi-directional effects require very careful setting of the contrast values in order to look sensible, and are of fairly limited use in practice. However, they take up little EPROM space, and have therefore been included for completeness.



These effects will all take 14 steps to complete one cycle, making the total completion time 
(
14 
* time interval *
 number of cycles
)
.
 After one cycle, the “live” and buffered contrast data will effectively been transposed, so it takes two complete cycles for the contrast values to be restored to their starting values.

Transpose Buffered and Live Contrast Effects



These effects require that the buffered colour plane contrast values have been set up before they are run, and simply transpose the buffered and “live” contrast settings instantaneously. The various effects work on the Normal yellow attribute, Reverse yellow attribute or both attributes simultaneously. In all cases, the Normal and Reverse attributes are kept separate, so the Normal yellow buffered values only affect the Normal yellow attribute values, and the Reverse yellow buffered values only affect the Reverse yellow attribute values



These effects can be run for multiple cycles, and will wait for the specified time interval between transpositions
, making the total completion time (time interval * number of cycles)
. As the buffered and “live” values are transposed, the original settings will be restored on every even cycle. Hence simple flashing effects can be achieved, which offer more slightly more versatility than the normal
 automatic flashing, since the N
ormal and R
everse yellow attributes can be updated independently. 





Link Setting Issues



The EDF firmware should be “plug and play” on any normally configured display system, but there are a few points to be aware of regarding configuration link settings:

Panel ID Links



The Panel ID links for EDF are defined as follows (bit 0 = P4 pins 1,2 and bit 1 = P4 pins 3,4):



P4 pins 3,4�P4 pins 1,2�Tile ID��made�made�1��made�open�2��open�made�3��open�open�1��

Generally, if the old system was configured correctly, EDF will also be configured correctly. On both systems, all links open is interpreted in the same way as all links closed, indicating panel 1. The upper tile select links P4 bits 2 (pins 5,6) and 3 (pins 7,8) are not used on EDF, and will have no effect
.


Baud Rate Configuration



The system runs at 12500 baud when link JP4, 3-4, is unlinked. This allows a PC to communicate at 12800 baud, and is the normal setting.


The system runs at 6250 baud when link JP4, 3-4, is linked. This allows a PC to communicate at 6400 baud, and is a special debug setting.

Unused Links



The connector P3 was used to provide runtime contrast control on the old QEDD9008 system; on EDF, it is currently unused.



The Upper tile select links P4 bits 2 (pins 5,6) and 3 (pins 7,8) are not used on EDF, and will have no effect.

Link JP4, 1,2 is only used for debugging purposes on EDF, and has no effect on the runtime operation. 

EDF “Sign On” Message



The EDF firmware has a new “sign on” message, which only appears if the system is booted and serial communication has not been received for approximately 5 seconds. The message takes the form:





* EDF 1 *


v1.06


�

* EDF 2 *


v1.06


�

* EDF 3 *


v1.06


��

The two “*” characters 
on each panel 
are actually controlled by the flash clocks, and will toggle between red and yellow when the clocks change level. The left hand one is controlled by flash clock 1, and the right hand one by flash clock 2.



Since the “sign on” message only appears after a delay, it allows a “clean” boot, even with relatively primitive control systems which just boot the displays and turn on the 8V power simultaneously.

Troubleshooting

If your EDF firmware fails to work correctly, but the old firmware was operating correctly, then there could be a number of issues. Check which of the following symptoms most closely matches what you’re experiencing:

System Immediately Shuts Down when Booted



If the system immediately trips when booted, with QUICC-IDM (or a similar controller), indicating a fault, then check the following:

EDF EPROMs inserted correctly, with no pins bent under device

EDF EPROMs correctly programmed

EDF EPROMs of correct type (27C256 200ns or better)

Display panels still have power

Display panel links set correctly

Incorrect “sign on message”



If the panel numbers do not go in the order 1, 2, 3, check the tile select links P4. If the “sign on” message does not appear at all, check that no serial messages have been sent to the system, and that the system is actually running!

Cannot recognise the EDF system



If the 
PC
 cannot recognise the EDF system, check the following:

That EDF Panel 1’s RS422 transmission is working correctly

That the 
PC
’s receive serial path is working correctly

That a “Relinquish Bus” message has been sent to the panels to enable communications

That the correct software protocols are being observed

The baud rate select link is open (if you expect communications at 12800 baud)

That there is an EDF panel 1 present in the system

The display panel RS422 transmission deserves extra attention, because this is the first time it has been used in earnest. The original QEDD9008 system only transmitted in debug mode, so the panel transmitters have not been tested before, even in the original installation. If there is a fault with display panel 1’s transmitter, the EDF system will not be detected, and hence cannot be used. As a matter of fact, this was the case with the first customer to use EDF; there was a PCB fault on display panel 1 which shorted the serial transmit and receive lines, with the result that the panel simply echoed back what was sent to it!

If you suspect a display panel fault, first try swapping it with another panel; if the new panel works, then you know the existing panel is faulty. You can inspect the panel visually for faults, or use a multimeter to check the continuity and isolation of PCB tracks where appropriate. If you get desperate, you could use the diagnostics present in the original QEDD9008 firmware, though do use a terminal rather than just looping back. See the original Display System Information guide for further details.

If you find that EDF is not detected at all, regardless of which panels are swapped out, suspect a communications fault to the PC. If you are using QUICC-IDM, and the board itself is detected, then the fault must lie within
 the
 
display panel RS422 wiring
 or 
the 
QUICC-IDM
 
RS422 receive path
. If QUICC-IDM is not detected, then the fault is in the PC serial cable 
or almost any part of the
 QUICC-IDM board
. If you are using a “dumb” controller with no built in intelligence, then the fault could be almost anywhere in the receive serial path.

Another important point is that for QUICC-IDM, the original QUICC board, or any other control board, the receive RS422 chip must be a  fail-safe device. This means that if the RS422 input is open (no transmitter asserting), the logic output must be high. For QUICC-IDM, this is already a requirement, to guarantee communications with the QUICC-IDM board
 itself
, but for the older boards, this was not the case. The 34C86 device is fail-safe, whereas the old 3486 device is not. If you currently have an old 3486, you should replace it with a 34C86 before using EDF.

EDF system works, but Panels 2 and/or 3 not detected



If the 
PC
 cannot recognise EDF panels 2 and/or 3, but the system still appears to work OK, then there is a transmission fault on the suspect panel(s). Since only EDF panel 1 regularly communicates back, the system will work under such circumstances, but be warned that there may be synchronisation issues if effects are run “back-to-back” as the affected panels are not being checked for completion.

EDF Limitations

The Enhanced Display Firmware provides a massive performance boost for the ageing QEDD9008 display system, and provides a whole host of new effects and functionality. However, you must remember that the original display system hardware was never designed to offer this sort of performance, and this unfortunately shows up when it is stretched too far. The major limiting factors are:

Lack of CPU horsepower

Lack of EPROM space

Lack of RAM space

Physical layout of the display elements



Because the system is lacking in CPU power, there are many effects that cannot be implemented, because they would run too slow. The most obvious ones are “explode/implode” scrolls, and any form of “cover” (scroll over wipe) or “reveal” (wipe over scroll) effects. It is also out of the question to do anything really esoteric, such as full graphical effects etc. There are also performance limitations with some of the implemented effects, particularly full frame pixellated scrolls, which can only run “flat out” at half speed. Additionally, it is not possible to flash characters while pixellated effects are running, as this would require excessive CPU power to implement.

The lack of EPROM space means that there is just not enough room to implement masses of effect variants, so you will find that interleaved effects only come in one variety, and other effects lack certain directions. The space issue is made worse by the fact that heavily CPU intensive effects are more wasteful of space in order to improve performance; for example, there is different code for full frame and partial update scrolls, the former only being run when all four lines are selected. While the latter would still work with all four lines selected, it would run slower due to the extra checking involved.

The lack of RAM space means that more CPU power is required in some cases, since there is not enough room for table lookups, etc. It also precludes “explode” and “implode” scrolls, because there is not enough space for the simulated DMA buffers required for these effects.

The physical layout issues constrain many effects, and make others worthless, because they just don’t look right. For example, full frame vertical scrolls would look stupid, due to the massive gaps between lines, while even horizontal scrolls do appear a little jumpy. Many other effects which would look fabulous on a full graphical system just look awful on the QEDD9008 system due to the hardware layout.

Another performance limiting aspect of the hardware layout is the internal mapping of the display elements; the character columns are totally out of order, presumably to simplify the PCB layout, and alternate lines scan backwards, again due to PCB layout issues. This effectively means that CPU intensive effects run slower due to the extra processing overhead required to untangle the hardware mapping.

On the plus side, however, the colour plane features, particularly the ability to adjust the contrast for each pixel line independently for all four colour planes, do provide some superb effects at little CPU cost. These can effectively be considered “hardware acceleration” features, which allow effects that would otherwise only be achievable with a comparatively huge amount of CPU power.

Copyright and Disclaimer

The EDF firmware and associated documentation is the intellectual property of Robert Coward and Simon Harrison. As an end user, you are welcome to use, copy and decompile it for your own personal use only, but are prohibited from distributing it to other parties in any form, modified or otherwise.

We can accept no liability for any loss, damage or injury which may result from the use of this software, and you use it entirely at your own risk. Furthermore, the software is not guaranteed to be fit for any particular purpose, and is supplied “as is”. However, if you do find any bugs or defects, you are encouraged to report them, though we can make no guarantees that they will be fixed.

Contact Details and Further Information

If you require any further information on the use of this software, or wish to report a defect, contact Robert Coward at:

robert_coward@3com.com

Software and documentation updates can also be obtained from the display system website at:

www.realspace.demon.co.uk


EDF 
Version History



The first 
“official
”
 EDF release was version 1.04; subsequent releases are detailed below:


1.05
 
- Fixed minor bug where auto flash would engage after a random delay 
(up to 2.5 seconds) 
after the first 
power on. 
This was not a serious bug, as it corrected itself rapidly, and would only be observable i
f the first display frame contained flashing characters.
 



1.06
 - 
Modified auto flash c
haracter t
oggle 
to always switch to user defined character 1 for all non-user defined characters, making i
t more useful
 for generating flashing cursors, etc. 
Also added a new red/gree
n
 cross
 
fade non-transfer effect.
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