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Notice

The information contained within this document is subject to change without notice and does not constitute a warranty, contract or agreement of any kind.

This document contains proprietary information, which is protected by copyright.  No part of this document may be copied, reproduced or translated into another language without the written consent of FACE Systems.
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1. Introductiontc  \l 1 "1. Introduction"
This handbook describes FACE Systems' SAI02 Audio Routing Matrix System.

This handbook includes a detailed description of the system operation and facilities.  It also provides information to enable technically qualified personnel to perform routine maintenance and initial fault-finding.




Document revisions
13/07/95
Revision A1


First issue
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Revision A2


Updated audio specifications

07/05/97
Revision A3


Added RS232 controls 

04/09/98
Revision A4


Updated RS232 controls

08/09/98            Revision A5

              Added new RS232 commands, re-format to Word (was                  WP5.0)
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2. System Overviewtc  \l 1 "2. System Overview"
The system is based on a simple 1U rack frame with built-in AC mains power supply and microprocessor based control card, and plug in audio switching matrix cards.  The standard matrix cards are configured as 32x32, split into blocks of 16x16.  Audio inputs and outputs are electronic balanced with D-type connectors.

Other matrix card options include relay routing matrix boards, configured as 16x16, with no buffering or mixing of audio signals.

The control link to panels is based on FACE Systems' RS485 networking protocol.  This connector also provides power for the control panels.

In addition to the RS485 link, an RS232 connection is provided to facilitate remote control and status monitoring via a standard PC or terminal.
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3. Panel Operationtc  \l 1 "3. Operation"
The system operates as a destination controlled router, where a control panel is associated with each matrix output.  Each panel has a group of illuminated buttons, one per available matrix input.  To select an input, simply press the associated button, with steady LED illumination indicating an established route and flashing warning of an incomplete operation (see below for details).

Control panel LED illumination is controlled by the current matrix state, while the software ensures that only one source can be selected for any single destination.  While any source may be routed to more than one destination, this condition is indicated by flashing the panel LEDs for each additional destination.

The main router function may be configured as 32x32 mono using 1 card, 32x32 stereo with 2 cards, or 16x16 stereo, using 1 card only.

The last source, either 16 or 32, may be configured as an ``off'' input, allowing selection from multiple destinations without LEDs flashing.  This function may also be used to define a group of sources with reverse routing, while the remainder will have no reverse routing and hence, multiple destinations are allowed.

In addition to the main, destination controlled, router, the matrix may be configured to provide a source controlled ``reverse'' router.  This facility allows an audio cue to be sent back to the selected source.  In the case, outlined above, of multiple destinations selecting one source, only the first destination to make the selection (the LED on this panel will remain steady) will provide the reverse feed, whilst subsequent destinations will still receive the selected source but will have no reverse feed routed (the LEDs on these panels will flash).

No reverse routes will be made to a source configured as the ``off'' input.
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4. RS232 Remote Controltc  \l 1 "4. RS232 Remote Control"
This section describes the RS232 remote control and configuration interface.

4.1 Overview
An RS232 control port is provided by the matrix CPU, to allow remote control and configuration of the system.  The RS232 port can be configured to suit a number of different standards, including direct connection to a PC, or similar controller and indirect connection via a modem and telephone link.  For remote connections a sign-on message and password protection may be used.

4.2 Hardware interface
The matrix is provided with a 9 pin male D-type connector, configured as DTE.  For communication with a PC, or other DTE equipment, a "null modem" cable is required.  The system is set for a data rate of 9600baud, with 8 data bits, no parity and 1 stop bit.  All received characters will be echoed back to the PC.



4.3 Protocol
The control protocol is based on the NTP command protocol, as used by the BBC, with some extensions for system configuration.

All NTP/BBC type commands are preceded by a . (period) character, whilst special configuration commands are preceded by a # (hash) character and all commands terminate with a CR (carriage return) character.  There must not be any characters after the CR, as these will be interpreted as the start of the next command.  

Commands should not include spaces or any other character not defined below.  Spaces are shown in the examples, for clarity only.

Any alphabetic character may be either upper or lower case.

Any numbers must be within the range 0 to 255.  Note that system limitations will affect the useful range of values.

The "Matrix ID" and "return address" fields of NTP/BBC style commands will be ignored, and may be omitted.

4.4 Commands
This section describes the available control and configuration commands in detail.

.S Set
Will set a single source to destination crosspoint.

Format:


.S<Matrix ID><Destination>,<Source><* return address>CR
Notes:


.                   Period identifies NTP/BBC style command.


S                 Identifies "Set" command.


Matrix ID     Optional field of up to 10 alphabetic characters (ignored).


Destination  Destination (output) number, range 1-255.   Current software limits systems to a maximum of 64 destinations.


,                   Comma seperates parameters.


Source        Source (input) number, range 0-255.  Current software limits systems to a maximum of 64 sources.  Note that source 0 is interpreted as "off", with no source being selected.

           * rtn address Optional field of up to 6 numeric characters, commencing with a "*" (ignored).

Examples:


.S A 11,16 "CR"

SET source 16 routed to destination 11






.I Interrogate
Will interrogate the matrix as to which source is routed to a single destination.

Format:


.I<Matrix ID><Destination>,-<* return address>CR
Notes:


.                     Period identifies NTP/BBC style command.


I
        Identifies "Interrogate" command.


Matrix ID       Optional field of up to 10 alphabetic     

                                    characters (ignored).


Destination    Destination (output) number, range 0-255.      Current systems are normally limited to 64  

                                     destinations.


,                      Comma seperates parameters.


-
         Dash in place of source (input) number.


* rtn address  Optional field of up to 6 numeric          

                                     characters, commencing with a "*"       

                                     (ignored).

Examples:


.I A 23,- "CR"

INTERROGATE which source is routed to destination 23

#C Configure system
Will configure system parameters.

Format:


#C<Matrix ID><Cards>,<Panels>,<Sources>, <Destinations>,<NoReverse>,<Modes>,<* return address>CR
Notes:


#
      Hash identifies system command.


C
      Identifies "Configure" command.


Matrix ID    Optional field of up to 10 alphabetic characters (ignored).


Cards         Highest valid card address (one less than the number of cards installed), range 0-255.      Useful values are 0-3 for 1 to 4 cards  installed.

,                                 Comma seperates parameters.

Panels                      Highest valid panel address (one less than the number of panels connected), range 0-255.  Highest useful value is 32 (for 32   panels), 0 indicates no panels fitted.

,                                 Comma seperates parameters.

Sources                    Highest valid source number, range 1-255. Current systems are limited to 64 sources.

,                                 Comma seperates parameters.

Destinations
      Highest valid destination number, range 1-255.  Current systems are limited to 64 destinations.

,                                Comma seperates parameters.

NoReverse              First source number for which the reverse route will not be used, range 1-255 (used to disable barring logic for source used as "OFF", or where not all sources require a reverse route to be set).

,                                Comma seperates parameters.

Modes                     Group of logical parameters, setting matrix operating modes, range 0-255.  Value is the arithmetic sum of the following numbers:


    
     1:   Cards operate as stereo 16x16  cards, 

                                      instead of mono 32x32.



     2:   Card 1 is reverse routing (used in 2 card 

                                      system).



     4:  Cards 2 & 3 are reverse routing (used in 3 

                                      or 4 card system).



     8:  26 key panel modified mapping enabled.



    16: Barring logic enabled.



    32: Direct control.



    64: (not implemented).



   128:Reporting of all route changes enabled.

,                             Comma seperates parameters.

* rtn address
  Optional field of up to 6 numeric characters, 

                              commencing with a "*" (ignored).

Examples:


#C A 1,15,15,15,15,3 "CR"

CONFIGURE system for 2 cards (0 & 1), panels 0-15,    

              sources 0-15, destinations 0-15, with source 15 as "OFF" (with logic disabled), operating with 16x16 cards and reverse routing for card 1.



4.5 Responses
      This section describes the responses to control and  

       configuration commands in detail.

.A Acknowledge
      The matrix indicates the successful completion of a route       

      setting command or responds to an interrogation command.

      Format:


      .A<Matrix ID><Destination>,<Source>CR
      Notes:


.                    Period identifies NTP/BBC protocol.


A                  Identifies "Acknowledge" response.


Matrix ID     Contents of Matrix ID field, if present, of   original command.


Destination  Destination (output) number, range 0-255, may include leading zeros.


,                   Comma seperates parameters.


Source
      Source (input) number, range 0-255, may include leading zeros.

Examples:


.S A 11,16 "CR"

Command - SET source 16 routed to destination 11


.A A 011,016 "CR"

Response - ACKNOWLEDGE source 16 successfully 

             routed to destination 11


.I A 23,- "CR"

Command - INTERROGATE which source is routed to            destination 23


.A A 023,009

Response - ACKNOWLEDGE source 9 is routed to 

             destination 23

.N Invalid data
The matrix indicates that the route setting or interrogation command could not be completed successfully due to an invalid source or destination number.

Format:


.N<Matrix ID><Destination>,<Source>CR
Notes:


.                    Period identifies NTP/BBC protocol.


                    indicates "Invalid data" response.


                    Matrix IDContents of Matrix ID field, if present, of original command.


Destination  Destination (output) number, range 0-255, may include leading zeros.


,                   Comma seperates parameters.


Source
      Source (input) number, range 0-255, may include leading zeros.

Examples:


.S A 11,32 "CR"

Command - SET source 32 routed to destination 11


.A A 011,032 "CR"

Response - INVALID source 32 could not be routed to      

             destination 11 (available source numbers 0-31)

.E Error
The matrix indicates that the command was not recognised or contained syntax errors.

Format:


.E CR
Notes:


.                       Period identifies NTP/BBC protocol.


E                      Indicates "Syntax error" response.

Examples:


.X A 11,32 "CR"

Command – with invalid command letter


.E "CR"

Response – ERROR command was not recognised



.B Blocked route
The matrix indicates that the route setting command was completed successfully, but setting of the associated reverse route was not permitted by the interlocking logic.

Note in this system, this is not a fault condition, but merely the consequense of preventing the routing of two inputs to the same output.  This situation will arise when two destinations select the same source, causing the system logic to attempt to route two inputs to the same output in the reverse matrix.  In this circumstance, reverse routes will be allocated in order of precedence - that is, the first destination to select the source will obtain the reverse route also, whilst the second (and subsequent) destination to select the same source will not obtain the reverse route and will receive a blocked route response.

Format:


.B<Matrix ID><Destination>,<Source>CR
Notes:


.                  Period identifies NTP/BBC protocol.


B                 Indicates "Blocked route" response.


Matrix ID    Contents of Matrix ID field, if present, of original command.


Destination Destination (output) number, range 0-255, may include leading zeros.


,                  Comma seperates parameters.


Source
     Source (input) number, range 0-255, may include leading zeros.

Examples:


.S A 11,16 "CR"

Command - SET source 16 routed to destination 11


.B A 011,016 "CR"

Response - BLOCKED source 16 successfully routed to 

             destination 11, but reverse route blocked by logic
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5. Hardwaretc  \l 1 "5. Hardware"
This section describes the construction of the equipment and the circuit techniques employed.

5.1 Mainframe
The mainframe is a 1Ux19" rack mounting unit with built-in PCBs for AC mains power supply and system controller, and a card frame for two matrix cards, which may be removed via the rear of the unit.

The power supply provides ±18V unregulated for the audio circuits, +5V regulated for the CPU and other logic, and +18V unregulated for the control panels.  All the DC power rails are fused internally for safety under fault conditions.

The incoming AC mains supply is protected against voltage spikes and incorrect voltage by VDRs across the transformer primaries.  If a unit configured for 115V is connected to a 230V supply, the VDRs will cause the AC inlet fuse to blow before any circuit damage can result.

All the power supply components, including transformers and VDRs are mounted on a single PCB.  Also on this PCB are balanced line receivers and transmitters for the control data link between the CPU and the matrix boards.

A separate PCB carries the system CPU, comprising an 8051 series microcontroller, memory devices and RS232 interface components.  The CPU memory includes 32k bytes of EPROM containing the operating software and 32k bytes of non-volatile RAM for storing the matrix status.  In practice, only a small fraction of the available memory is used, leaving ample scope for future enhancements and expansion.

The PSU and CPU boards are permanently wired together, while a plug-on 34way ribbon cable carries power and data to the matrix boards and a plug-on 10way ribbon cable connects to the RS232 connector on the rear panel.

A small PCB on the front panel carries 3 LEDs for status indication.  A green LED is fed from the +5V rail to indicate DC power, a second green LED is driven by the processor to indicate data communication with the panels and a red LED indicates any fault condition.

Ribbon cables on the edge connectors may be used to link boards together to form larger matrices.

5.4 Matrix Card
The matrix card provides a complete 32 input to 32 output audio routing switcher on an extended triple eurocard format (366.7x280mm) PCB.  Internal connections are provided by 3 64 way DIN41612 edge connectors.  These provide 32 inputs on one connector and 32 outputs on another, for expansion, and DC power and serial controls on the third.

Audio inputs and outputs are on 37way D-type connectors, with 16 pairs and an overall screen on each connector.

The audio inputs are electronic balanced by a conventional differential amplifier with HF filters to attenuate out of band signals.  The buffer inputs are DC coupled with a high value non-polarised electrolytic capacitor on the buffer outputs, to remove any DC offsets and prevent switching transients within the matrix.  The input amplifier has a gain of -6dB and is protected by zener diodes to prevent high signal levels from overloading the crosspoint switches.  This input signal is available on an edge connector, via an optional resistor, for matrix expansion.

The audio outputs are electronic balanced, again with HF filters, and with a gain of 6dB.  Resistors on the outputs provide isolation from reactive loading and define the output impedance.  The output buffer input is available on an edge connector for matrix expansion.

The crosspoint switching matrix is based on the Mitel MT8816 switch array, designed for telecom switching.  Controls are sent as a serial bit-stream by the system controller and received by a shift register.  Bytes within the bit-stream are latched for comparison with a DIP switch for card address detection and control lines for card functions.  A second DIP switch may be read to determine the card configuration and function.

Panel data-link signals are buffered for transmission, with the data buffer enabled under central control.  Resistors for data link termination and fail-safe are provided on the board.

5.5 Control Panels
The control panels are based on the CIF09 panel CPU card.  This provides an 8031 microcontroller with a programme EPROM, RS485 interface, dipswitch and row/column drivers for a multiplexed array of up to 32 illuminated switches.  The dipswitch is used to set the destination number controlled by the card.

The switches are mounted on a CPS03 switch PCB, and are of the MEC ``Multimec'' type with cap style ``1k''.  Briefly, this provides a 14mm square illuminated key top, similar in appearance to the Highland type 31, etc. but without the bezel.  The switch has a light touch action, but still provides a positive tactile indication of operation.  The transparent cap is easy to remove, to enable the insertion of film legends (we recommend overhead projector transparencies, laser printed).  Each switch is fitted with a green LED in a neutral translucent cap to simulate ``white'' light, however a red LEDs may be fitted to provide better contrast in areas with a high level of background illumination.

The panels are constructed as a one-piece front panel, 3mm thick, with the switch PCBs mounted on studs, and a simple box construction to provide protection to the wiring and circuit boards, while also preventing the front panel from flexing.

DC power for the panels is derived from the matrix, via the RS485 connectors.
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6. Installationtc  \l 1 "6. Installation"
Matrix and panels are designed for installation within standard 19" frames.  In mobile installations, or any situations where the equipment may be exposed to vibration or shock, the rear of the matrix unit should be supported using the M3 mounting holes provided.

The matrix audio connectors are laid out to facilitate multi-pair cables, with provision for a single overall screen termination per eight pairs.

The panel control connectors are laid out for multi-pair cables, with individual screens.  Two pairs are used, one carrying the data link and one carrying DC power to the panels.

For optimum performance, wiring to the panels should be arranged in a ``star'', with the matrix at the centre.

As standard, the matrix PSU is configured for 230V AC mains, but may easily be re-configured for 115V by re-connecting internal wire links.

6.1 Connections
All matrix audio inputs and outputs are via 37 way D-type connectors on the rear panel.  Male connectors are used for the inputs and female for the outputs.

pin 1

Channel 0, A leg

pin 20

Channel 0, B leg

pin 2

Channel 1, A leg

pin 21

Channel 1, B leg

pin 3

Channel 2, A leg

pin 22

Channel 2, B leg

pin 4

Channel 3, A leg

pin 23

Channel 3, B leg

pin 5

Channel 4, A leg

pin 24

Channel 4, B leg

pin 6

Channel 5, A leg

pin 25

Channel 5, B leg

pin 7

Channel 6, A leg

pin 26

Channel 6, B leg

pin 8

Channel 7, A leg

pin 27

Channel 7, B leg

pin 9

0v screen

pin 28

0v screen

pin 10

Channel 8, A leg

pin 29

Channel 8, B leg

pin 11

Channel 9, A leg

pin 30

Channel 9, B leg

pin 12

Channel 10, A leg

pin 31

Channel 10, B leg

pin 13

Channel 11, A leg

pin 32

Channel 11, B leg

pin 14

Channel 12, A leg

pin 33

Channel 12, B leg

pin 15

Channel 13, A leg

pin 34

Channel 13, B leg

pin 16

Channel 14, A leg

pin 35

Channel 14, B leg

pin 17

Channel 15, A leg

pin 36

Channel 15, B leg

pin 18

0v screen

pin 37

0v screen

pin 19

Chassis earth

All control panel outputs are via 15 way D-type connectors.  Female connectors are mounted on the matrix rear panel and male connectors on the control panels.

pin 13

Data link, A leg

Pin 6

Data link, B leg

Pin 14

Data link, screen

Pin 7

+18v DC power

Pin 15

0v DC power

Pin 8

Chassis earth
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7. Fault-findingtc  \l 1 "7. Fault-finding"
To aid fault-finding, this manual includes circuit diagrams, component overlays and parts lists for each circuit board in the system.

The audio circuits utilised are conventional in nature and fault-finding should present no problems, even with minimal test equipment.  All ICs are socketed, for ease of replacement or substitution.  The logic circuits, whilst not complex, include high speed clocks and short duration pulses and will require more care in investigating faults.  It is advised that any faults in the logic circuits, and especially the processor sections, be referred to the manufacturer.

In operation, the red LED on the matrix front panel will flash briefly from time-to-time, indicating that a panel was slow to respond to communications from the CPU.  This is quite normal and causes no loss of data or operation, any missing data will be recovered next time the panel is polled, generally within a few mS.

Should the red LED flash rapidly, alternating with the green LED, this indicates that one, or more, panels have ceased responding.  There are a number of possible causes for this:

1/
The panel has become unplugged.  This will not effect the operation of the rest of the system and may be ignored if the panel was intentionally unplugged.

2/
A fault has occurred in the cable wiring.  Check the power supply voltages on the panel CPU card (a diode protects against reverse polarity).  If the power supply voltages are correct then check the data link using an oscilloscope

3/
A fault has occurred in the panel CPU circuit.  A green LED on the panel CPU PCB should flash to indicate received data, also it should be possible to observe the switch/LED multiplexing with an oscilloscope.  Pressing any switch on a panel that has lost communications will cause that switch to illuminate momentarily if the CPU is still multiplexing.
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8. Specificationstc  \l 1 "8. Specifications"


8.1 Physical
Matrix dimensions
1Ux19"x360mm deep

Panel Dimensions
1Ux19"x150mm deep

Shipping weight

Matrix:2kg




Panel:0.5kg

8.2 Power Requirements
AC Mains inlet

115V, 50/60Hz @ 300mA




230V, 50/60Hz @ 150mA

8.3 Audio Performance
Off isolation/crosstalk
>100dB @ 1kHz




>85dB @ 20kHz




>70dB worst case, all hostile

Maximum signal level
<+22dBu

Input impedance
>20k

Output impedance
<75R

Distortion

<0.01%, 20Hz-20kHz, 0dBu to +20dBu

Noise


<-85dBu Q-pk, CCIR 468-2




<-88dbu RMS, 10Hz-30kHz

Switching transients
<-60dbu Q-pk, CCIR 468-2




<-70dBu RMS, 10Hz-30kHz

Output DC offset
<10mV

Frequency response
20Hz to 20kHz ±0.5dB

Channel gain match
<±0.2dB

Input balance

>60db
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9. Drawingstc  \l 1 "9. Drawings"


9.1 Installation
0461A020.DIA
SAI02 Installation

9.2 System PSU
0461A004.DGM
SAI02 System PSU board circuit schematic

0461A004.DIA
SAI02 System PSU board component overlay

ASS0461A004
SAI02 System PSU board parts list

9.3 System CPU
0461A006.DGM
SAI02 System CPU board circuit schematic

0461A006.DIA
SAI02 System CPU board component overlay

ASS0461A006
SAI02 System CPU board parts list

9.4 Panel CPU
0492A031.DGM
CIF09 Mk II Panel CPU board circuit schematic

0492B031.DIA
CIF09 Mk II Panel CPU board component overlay

ASS0492B031
CIF09 Mk II Panel CPU board parts list

9.5 Panel Switches
0528A001.DGM
SCP06 Encoder board circuit schematic

0528A001.DIA
SCP06 Encoder board component overlay

ASS0461A001
SCP06 Encoder board parts list

9.6 Audio Matrix
0461C001.DGM
ARM01 Audio Matrix board input buffers circuit schematic

0461C002.DGM
ARM01 Audio Matrix board output buffers circuit schematic

0461C003.DGM
ARM01 Audio Matrix board logic and PSU circuit schematic

0461C005.DIA
ARM01 Audio Matrix board component overlay

ASS0461C005
ARM01 Audio Matrix board parts list

