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I. PRODUCT DESCRIPTION

The VOTAN PC board (VPC2000) provides a mix of voice techno-
logies and complementary telephone functions on a single IBM
PC compatible board. These technologies include :

* Isolated word Speaker Dependent Recognition
* Continuous speech recognition (speaker dependent).

* Real time speech compression and decompression (record and
playback).

* FCC approved telephone loop interface with autodial, auto-
answer, DTMF generation and detection capability.

The VPC2000 is similar in nature to many other peripheral
devices in that it presents a few I/0 locations to the system
processor. Operations are initiated by the system processor
(8088), data is supplied to or taken from the board by the
system processor using programmed I/0. The general sequence
of operation is that the system processor initiates a voice
command by writing to a command register on the VPC. The
board then requests the detailed command information from a
control record structure called the VCR (Voice Control Re-
cord) and the required voice data to and from the system
processor using interrupts. The command is executed and a
final interrupt is set to the host processor followed by
transfer of status. This sequence, as well as the form of the
data records required for the data, control and status infor-
mation is described in detail in subsequent sections of this
specification.

Two additional models of the board are available with reduced
feature sets. The VPC2020 eliminates all telephone functions
and is not equipped with a plug-on telephone board. The
VPC2040 does not have either a telephone board or speech
compression. Application software has access to the board
model number via the NULL function as described in section
2.1.1.

1.0 Hardware Considerations
The board hardware is in the form of a single IBM PC compat-
ible board along with a piggyback board if telephone func-

tions are installed (VPC2000 only). The physical interfaces
for both software and analog connections are detailed below.
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1.0.1 I/0 Registers

The VPC presents a block of 16 contiguous I/0 locations
(registers) to the system processor. These are assigned the
functions described below.

RELATIVE
ADDRESS FUNCTION

0 DATA REGISTER (READ ONLY)

STATUS REGISTER (READ ONLY)

DATA REGISTER (WRITE ONLY)

HARDWARE CONTROL REGISTER (WRITE ONLY)
RESET REGISTER (WRITE ONLY)

INTERRUPT VPC (WRITE ONLY)

INTERRUPT ACKNOWLEDGE (WRITE ONLY)
AUDIO CONTROL REGISTER (WRITE ONLY)

oW

The start of this block of sixteen I/0 locations may be any
one of four jumper selectable base I/0 addresses. These are
280, 2C0, 340 and 390 (all in hexadecimal). The base I/0
address is selected by jumpers as shown in the board drawing
in figure 1.1.

1.0.2 Programmed Reset

A write by the HOST processor to the RESET REGISTER location
causes a reset of the VPC. The data associated with a write
to this register is ignored by the board. This reset may be
identical to that caused by activation of the INIT/ line on
the backplane (a HARD RESET) or may cause the board to retain
some variable information and current hardware state (a SOFT
RESET). Prior to issuing a write to the RESET REGISTER the
WRITE DATA REGISTER must be written with a byte of data to
indicate the type of reset desired. Once a programmed reset
is provided to the board, the VPC reads the byte of data
present in the WRITE DATA REGISTER. If this byte is non-zero,
the VPC assumes a soft reset and retains the appropriate
variable information and telephone interface state. Otherwise
all variable infomation is discarded and the telephone inter-
face is placed on-hook.

1.0.3 Interrupt Acknowledge

A write to the Interrupt Acknowledge I/0 location clears the
interrupt latched on the board. This must be done once the
interrupt for the board has been processed by the system and
prior to starting another command. The data written to this
register is ignored.
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1.0.4 Interrupt VPC

A write to this register interrupts the control processor on
the VPC board. This is a standard part of the process of
initiating a function on the board. If an operation is al-
ready in progress it will be aborted. The data written to
this register is ignored.

1.0.5 Hardware Control Register
The data written to this register controls various elements

of the hardware configuration of the board. The bits are
assigned as follows:

=
=]

FUNCTION

SPARE (MUST BE ZERO)
AGC DISABLE (IF = 1)
RESERVED (MUST BE ZERO)
INTERRUPT TRI-STATE
INTERRUPT DISABLE
RESERVED (MUST BE ZERO)
RESERVED (MUST BE ZERO)
RESERVED (MUST BE ZERO)

Nounm PH~wWw N Ol

AGC DISABLE - This control bit has effect only if the telep-
hone board is attached. It enables AGC circuitry for audio
input. This AGC is an aid especially in the telephone envi-
ronment where there is considerable variability between the
audio level of telephone connections.

INTERRUPT TRI-STATE - When this bit is set the output of the
interrupt is set to high impedance state. This allows the
board to be used in a polling mode if an interrupt is un-
available.

INTERRUPT DISABLE - Masks the interrupt if set to a one.
1.0.6 Audio Control Register
This register allows software control of the available audio
paths available with the telephone interface hardware. The
following audio paths are available:

* Telephone Subscriber Loop (Tip/Ring)

* Telephone Set (Deskset) Interface
* Microphone and Speaker

74500029 Page 3 Revision D
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The configurations possible and corresponding control codes
are shown in figure 1l.4.

Only the least significant four bits of this byte are used as
described above. The remaining bits are reserved for future
enhancements and must be set to zero.

1.0.7 Status Register

This read-only register provides status concerning the state
of the read and write data registers and the VPC system
interrupt. The bits are defined as follows:

o]
-
=]

MEANING

INDETERMINATE (MAY BE EITHER ZERO OR ONE)
INDETERMINATE (MAY BE EITHER ZERO OR ONE)
INDETERMINATE (MAY BE EITHER ZERO OR ONE)
SYSTEM INTERRUPT SET (IF = 0)
INDETERMINATE (MAY BE EITHER ZERO OR ONE)
INDETERMINATE (MAY BE EITHER ZERO OR ONE)
READ DATA REGISTER FULL (IF = 1)

WRITE DATA REGISTER FULL (IF = 1)

NoUL B~W N O

Bits 6 and 7 provide a means of synchronizing data transfers
between the system processor and VPC. Bit 7 becomes active
(1) when the system writes a byte of data to the WRITE DATA
REGISTER and becomes inactive (0) when the VPC control pro-
cessor reads the data. In order to prevent an overrun condi-
tion, the processor can sample Bit 7 until it goes to a zero
prior to writing another byte.

When data is being sent from the VPC to the system, Bit 6 is
set when the VPC control processor places data in the READ
DATA REGISTER and is reset when the system reads this regis-
ter. The system can sample this status bit to read a sequence
of data bytes. '

1.0.8 Interrupts

The VPC interrupt to the system processor (8088) may be set
to one of three interrupt levels in the PC. They are:

Urﬁmsz/ INT2 - Color graphics interrupt
¢ v INT3 - Comm2 interrupt
INT4 - Comml interrupt

The factory setting for this interrupt is Interrupt 3. See
figure 1.1 for the jumper selection of this interrupt.
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1.0.9 Power Requirements

The VSP requires three voltage
power levels given below.

+5 VDC (+10% , -10%)
+12 VDC (+20% , -20%)
-12 vDC (+20% , -20%)
1.0.10 Audio Input and Output

supplies at the tolerances and

at 2.5 Amps (typical)
at 0.08 Amps (typical)
at 0.06 Amps (typical)

The impedance and signal levels associated with the micro-

phone and speaker audio I/0 is

Audio I/0
Microphone Input
Speaker Output

given below:

Max Level Impedance
1 mv. RMS 1k ohms
2 watts 8 ohms

1.0.11 Digital and Power Connections

These pin assignments are compatible with the PC bus and are
given in figure 1.2 for reference.

74500029
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1.1 Initialization

The board is initialized by either the hardware reset within
the system or programmably by software. For a software reset
the system should write appropriate initialization data values
to the HARDWARE and AUDIO CONTROL REGISTERS. A byte must then
be written to the WRITE DATA PORT to indicate whether to
execute a hard or soft reset. Finally a data byte of any
value is written to the INTERRUPT PORT. Note that the bytes
written to the board may be writtenm without respect to exam-
ining the WRITE BUSY bit since the VPC will be reset im-
mediately following this sequence of actions. Since the reset
operation takes some time to accomplish on the board, the
software needs to wait a minimum of 100 microseconds before
issuing another command to the board.

A hard reset clears all of the data on the board and puts the
telephone interface on-hook (hangs up). The soft reset re-
tains both the on-board data and the state of the telephone
interface.

1.2 Command Sequence

The generalized sequence for executing a command to the
VPC2000 consists of starting the function, transfering data
to or from the board upon request and finally responding
appropriately to the ending condition for the function. This
ending condition may require reading an ending status record
from the board upon command termination if the Reason for
Interrupt (see section 1.4) is TERM or STAT. If the Reason
for Interrupt is AOK then the function has completed normally
with no further status to be transferred. For some commands
no data transfer is required and only the command initiation
and termination sequence is required. See figure 1.3 for a
visual representation of a command sequence.

1.3 VPC Interrupt

In order to initiate any sort of action by the VPC the system
must first write a command byte to the WRITE DATA PORT on the
VPC followed immediately by a write to the INTERRUPT PORT.
Only three valid values are defined for the command byte as
listed below.

COMMAND OPERATION

00 NOP

01 START VOICE OR TELEPHONE FUNCTION
02 ABORT CURRENT OPERATION
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1.4 System Interrupt

The VPC sets an interrupt to the system to request action.
Prior to setting the interrupt the VPC loads a byte into the
READ DATA PORT to describe the type of action required. This"
is referred to as the REASON FOR INTERRUPT byte and may have
one of the values listed below.

HEX

VALUE NAME MEANING

00 AOK Command has completed, no status.

1C TERM Command has completed, system must
read Status Record.

1D STAT Command is not complete, system must
read Status Record.

1E READ Command is not complete, system must
read data.

1F WRITE Command is not complete, system must

write data.
1.5 Starting a Function

A function is initiated by writing a value of 01 (Start
Function) to the WRITE DATA PORT followed by a write to the
INTERRUPT PORT. Unless the VPC has detected an error condi-
tion it responds by setting an interrupt to the system with a
Reason for Interrupt of WRITE. The system must then transfer
the Voice Control Record (or Telephone Control Record) to the
board.

The various parameters contained in the VCR are further
described in section 2 along with the actions caused by each
individual function. The same information related to the TCR
is described in detail in section 3.

1.6 Data Transfers

Once a function has been initiated the VPC may use the inter-
rupt mechanism to request that the system either read or
write data records to the VPC. In these cases the REASON FOR
INTERRUPT would be either READ or WRITE respectively.

Whenever a data item is described as a word this indicates a
two byte entity. When a word of data is transferred between
the VPC and the system procesggr the least significant byte
is the first one transferred.
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1.7 Data Record Format

The format of blocks of data (records) writtem to or read
from the VPC is always identical. The first two bytes of the
record give the length (n) of the entire record (including
the first two bytes). The remaining n-2 bytes are the voice,

control or status data. No record can be longer than 512
bytes including the two byte record length.

The template data conforms to the general requirements listed
above and has within the template record two 16 bit elements
which must be modified by the application when a template is
generated. The general format is given below.

OFFSET SIZE MEANING

00 word Record length
02 word Word number

04 word Template number
06 byte Voice data

. . .
. . .

. 3 .

The word number and template number (at offsets 2 and 4) must
be assigned by the application. The word number is generally
a constant for a given spoken word. The template number would

normally be different for each of multiple templates for a
given word.

A second record type associated with recognition operations
is the Template Length Record. Whenever templates are loaded
to the VPC either by a LOAD function or in the coarse of a
RECOGNITION function this record is transferred prior to the
templates. The record consists of the lengths (in bytes) of
all of the templates in the same order in which the templates
will be transferred to the VPC. The form is therefor:

OFFSET SIZE MEANING

00 word Record length

02 word First template length
04 word Second template length
nn word Last template length

1.8 Status Record

The status record varies depending upon the function performed.

74500029 Page 8 Revison D
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It is only read when the REASON FOR INTERRUPT is either TERM
(1C) or STAT (1D). This status indicates that a function has
been completed. The general form is given below.

OFFSET SIZE MEANING

00 word Record Length
02 word Ending Status
04 word Data Return

In most cases the status record is only four bytes in length
and contains only the record length and the ending status.
The record may however be longer depending upon the function
executed. The details of the form of the status for each
available function is described further in section 2.1.

1.9 CSDR Recognition

CSDR (Continuous Speaker Dependent Recognition) function may
return multiple recognition "events” for a single operation.
To accomodate this an EVENT RECORD is provided. Several of
these records generally are transferred from the VPC to the
system during the course of the execution of a CSDR Recognize
function. The form of the Event Record is as follows:

OFFSET SIZE MEANING

0 word Record Length

2 byte Event Number

3 byte Template Number, Best Match

4 byte Word Number, Best Match

5 byte Distance, Best Match

6 byte Template Number, Second Best Match
7 byte Word Number, Second Best Match
8 byte Distance, Second Best Match

9 byte Word Start Index

10 byte Word End Index

11 byte Peak Amplitude

The EVENT NUMBER increments for each Event Record returned to
the system and is used by the VPC for a REWIND function (see
section 2.1.9). For extended CSDR recognition operation this
Event Number will "roll over” from 255 to zero. The TEMPLATE
NUMBER and WORD NUMBER in combination identify the particular
template which was the best or second best match for a parti-
cular audio input. The WORD START and WORD END INDEX are used
by the VPC for extracting embedded templates (see section
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2.1.10). The peak amplitude gives a good indication of the
audio input level and can be very useful for setting the
input gain level. For good recognition results this amplitude
should be in the range of B4 to E6 (hexadecimal).

1.10 Aborted Operations

When a command is aborted by interrupting the VPC with a
value in the DATA WRITE PORT of 02 the VPC responds by set-
ting an interrupt to the system. The REASON FOR INTERRUPT is
usually TERM (1lC) and the status record will be the four byte
sequence 04h, O00h, 09h and OOh. This represents a record
length of four and status representing NO VALID RESULTS. The
status may be different depending upon the function in prog-
ress and the current state of the function when aborted.

Due to the asynchronous nature of aborting a function in
progress the VPC may have been passing data to the system.
Under these circumstances there may be one or more left-over
bytes transferred prior to the System Interrupt and Status
Record. This transfer of buffered information may be es-
pecially valuable during the ENCODE process as described in
section 2.1.3. The NO VALID RESULTS status indicates that any
data record which was being transferred when the function was
aborted is incomplete and must be discarded.
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II. Control Data Elements

The VPC2000 requires that very specific data records be
exchanged between the board and the 8088 system processor.
These records provide detail regarding command descriptions,
status reporting to the system processor and voice data to be
used during the various functions. The key data record as-
sociated with the function for voice operations is the Voice
Control Record (VCR). A separate but similar data record
provides function information for telephone operations and is
referred to as the Telephone Control Record (TCR). The TCR is
fully described in section 4.

2.0 Voice Control Record

The VCR consists of a sequence of bytes passed to the VPC2000
whenever a function is initiated. This data record contains
the function definition, parameter setting information and
(in some cases) a bit map describing the active vocabulary
for a recognition function.

OFFEST ELEMENT
DECIMAL) SIZE DESCRIPTION
00 word Record Length (bytes)
02 byte Function code
03 byte Flags
04 byte Input Gain
05 byte Output Gain
06 word Byte Rate
08 word Initial Timeout.
10 word Final Timeout
(Word End Index/Acceptance Level)
12 . Optional Bit Map

2.1 Function Code

This byte describes the basic function to be executed by the

VPC. The basic function is subject to further modification by
the flags and timeout values. The functions are listed below

and described in more detail in the subsequent text.

Possible error status applicable to all functions and there-
for not explicitly listed with each function are VPC Busy and
Parameter Error. Any function is also subject to a status
return indicating a Ring Detected if the appropriate flag bit
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(Bit 6) was set when the function was initiated. See section
2.3 for a detailed description of ending status codes.

VALUE
(HEXADECIMAL) DESCRIPTION
00 Null Operation (NOP)
03 ISDR Train
05 Encode Message
06 Decode Message
07 Generate Tone
OB ISDR Recognize
OE Load Isolated Templates
10 CSDR Train
11 CSDR Recognize
12 CSDR Template Extract
13 Load Continuous Templates

2.1.1 Null Operation (NOP)

Returns the version and revision number of the board firmware
and the model number of the board in the status record. No
other effect.

Parameters used: None

Data Returned: Status Record

Status record:

ELEMENT

OFFSET SIZE DESCRIPTION

00 word Record Length

02 word Status Word

04 byte Control Processor Revision
05 byte Control Processor Version
06 byte DSP Revision

07 byte DSP Version

08 word Model Number

The designations "Control Processor” (CP) and "DSP" refer to
the two processors on the VPC. Firmware is resident on the
board for each of these processors. The VERSION and REVISION
numbers are each interpreted as a binary number in the range
of 00 - 99 rather than as two BCD digits. The model number is
also returned as a binary equivalent of 2000, 2020 or 2040 in
the 16 bit word designated above as Model Number.
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2.1.2 ISDR Train

Causes the VPC to capture an ISDR (Isolated Speaker Dependent
Recognition) utterance word from the incoming audio and tran-
sfer it to the system.

Parameters used: Flags: Bit 1 - Sample rate
Bit 6 - Enable State Change Int
Bit 7 - Enable DTMF Detect
Input Gain
Initial timeout

Data Returned: Template Record

Status Record:

ELEMENT
OFFSET SIZE DESCRIPTION
00 word Record Length
02 word Status Word
04 byte Peak Amplitude
05 byte Average Noise Level
Possible errors: Capture Buffer Overflow

Initial Timeout
2.1.3 Encode Message

Directs the VPC to encode (digitize and compress) the incom-
ing audio and transfer the data to the 8088 processor. The
BYTE RATE parameter provided to the VPC is the desired aver-
age data rate. The VPC keeps a moving average of the data
generated by the compression process over a 240 ms. interval
and adjusts the internal compression parameters accordingly
to approximate as closely as possible the specified byte
rate.

The operation may be terminated when the amount of silence
specified by the FINAL TIMEOUT parameter is encountered.
Under these circumstances all except 60 ms. of trailing
silence is deleted from the data written. Likewise all lead-
ing silence greater than 60 ms. is deleted prior to the start
of writing the data to system memory. If the FINAL TIMEOUT
parameter 1s set at zero the VPC board will continue to
encode audio indefinitely until the operation is terminated
by a STOP command or by a PROGRAMMED RESET.
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The ENCODE process may be terminated by the host processor at
any time by issuing a STOP (ABORT) command to the board.
Under these circumstances the board will complete the trans-
fer of any partially transferred message records to the ,
system prior to signalling completion with an interrupt. This
means of terminating the ENCODE is recommended only when a
transfer of data is not currently in process, i.e. it should
be done prior to beginning a block read operation from the
board.

Parameters used: Input Gain
Initial Timeout
Final Timeout
Byte Rate
Flags: Bit 1 - Sample rate
Bit 6 - Enable State Change Int
Bit 7 - Enable DTMF Detect

Data returned: Compressed Speech Record(s)

Status Record:

ELEMENT
OFFSET SIZE DESCRIPTION
00 word Record Length (=4)
02 word Status Word
Possible errors: DSP Overrun

Initial Timeout
2.1.4 Decode Message

Directs the VPC to decode (decompress and convert to audio)
the data supplied by the system. The operation can be termi-
nated by the host processor at any time by issuing a STOP
command to the VPC board.

Parameters used: Output Gain
Flags: Bit 1 - Sample rate
Bit 2 - Enable Voice Detect
Bit 6 - Enable State Change Int
Bit 7 - Enable DTMF Detect
Data supplied: Compressed Speech Record(s)
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Status Record:

ELEMENT
OFFSET SIZE DESCRIPTION
00 word Record Length (=4)
02 word Status Word
Possible errors: DSP Decode Error

2.1.5 Generate Tone

Causes the VPC to generate a 1 kHz tone with a duration of
0.125 second. This tone is useful for user prompting.

Parameters used: Output Gain
Data returned: None

Status Record:

ELEMENT
OFFSET SIZE DESCRIPTION
00 word Record Length (=4)
02 word Status Word

2.1.6 ISDR Recognize

Captures an isolated word recognition input and matches it
against previously trained recognition templates (see 2.1l.2
for ISDR Train function). The recognition templates are
either supplied to the VPC after the command is initiated or
the command may use an already resident set of templates
depending upon the state of Bit 5 of the FLAG byte in the
VCR. See section 2.2.1 for a general explanation of this Flag
bit option and section 2.2.7 for a description of the BIT MAP
requirements.

Parameters used: Input Gain
Initial Timeout
Flags: Bit 1 - Sample rate
Bit 5 - Templates Loaded
Bit 6 - Enable State Change Int
Bit 7 - Enable DTMF Detect
Bit Map
Data supplied: Template Length Record (if Flag bit 5 = 0)

Template Records
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Data returned: None

Status Record:

ELEMENT

OFFSET SIZE DESCRIPTION

00 word Record Length (=10)

02 word Status Word

04 byte Peak Amplitude

05 byte Average Nolse Level

06 byte D1, Best Distance

07 byte D2, Second Best Distance

08 word Wl, Best Word Number

10 word W2, Second Best Word Number
Possible errors: Initial Timeout

Capture Buffer Overflow

Template Memory Overflow

Isolated Template Load Error
2.1.7 ISDR Load

This function loads templates for Isolated Speaker Dependent
Recognition to the VPC. No voice function is performed.

Parameters used: None

Data Supplied: Template Lengths Record
Template Records

Status Record:

ELEMENT
OFFSET SIZE DESCRIPTION
00 word Record Length (=4)
02 word Status Word
Possible errors: Template Memory Overflow

Isolated Template Load Error

2.1.8 CSDR Train

This function generates a template for a single word in the
proper form for CSDR (Continuous Speaker Dependent Recogni-
tion) recognition operation. The template is transferred to
the system processor. This operation is identical in form to
the ISDR Train function, except that the template data placed

in memory is different and is compatible with the CSDR Recog-
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nize function.

Parameters used: Flags: Bit 1 - Sample rate
Bit 6 - Enable State Change Int
Bit 7 - Enable DTMF Detect
Input Gain
Initial timeout

Data returned: Template Record

Status Record:

ELEMENT
OFFSET SIZE DESCRIPTION
00 word Record Length (=6)
02 word Status Word
04 byte Peak Amplitude
05 byte Average Noise Level
Possible errors: Capture Buffer Overflow

Initial Timeout
2.1.9 CSDR Recognize

This function is similar in many respects to the ISDR Capture
and Match function. It initiates a Continuous Recognition
Operation and either provides the templates to be used in the
matching operation or not depending upon the state of Flag
Bit 5. It varies significantly in that multiple recognition
events may be returned to the system processor. See section
1.9 for a general description of the operation and event
records returned.

Parameters used: Input Gain
Initial Timeout
Flags: Bit 0 — End on Pause
Bit 1 - Sample Rate
Bit 3 - Enable Rewind
Bit 5 - Templates Loaded
Bit 6 - Enable State Change Int
Bit 7 - Enable DTMF Detect
Data supplied: Template Length Record (if Flag bit 5 = 0)

Template Records

Data returned: Event Records
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Status Record:

ELEMENT
OFFSET SIZE DESCRIPTION
00 word Record Length (=4)
02 word Status Word
Possible errors: Template Memory Overflow

CSDR Template Load Error
Unresolved, Buffer Full
Initial Timeout

If the Least Significant Bit of the Flags byte 1is set to a
logical one then the operation will automatically terminate
after either 7.5 seconds of speech without a pause or after
the end of a word when a "word end"” time value is exceeded
(End on Pause). This time is a constant value of 240 ms. and
is not alterable by the system. This will generally result in
several recognition events being passed to the system. These
EVENT RECORDS then may subsequently be used to EXTRACT embed-
ded templates from the original processed audio data which
continues to reside on the board until another command is
issued. See the description of the CSDR TEMPLATE EXTRACT
command for a further description of this procedure.

When Bit 3 of the Flags byte is set to a logical one then the
board will use the information available in the WORD END
INDEX provided in the VCR (byte 10) to begin the current
recognition operation using the buffered real-time audio data
currently resident on the board. This allows the system to
switch to a different portion of the same vocabulary or to a
completely different set of vocabulary templates for subse-
quent recognition even in the midst of a continuous stream of
speech input. This function is referred to as REWIND and can
be thought of as being analogous to rewinding a tape recorder
to the proper position to pick up audio input. In this parti-
cular case it is rewinding through a data buffer to accomp-
lish the same function.

2.1.10 CSDR Template Extract

This function extracts a single embedded template from the
buffered audio on the VPC. This command must only be used
following a CSDR Match operation or another CSDR Template
Extract operation. Any other preceding command will cause
either an error to be flagged or erroneous results to be
obtained with no error indication.
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This command causes processed audio data in the on-board
buffer of processed audio data to be transferred to system
memory properly formatted as a CSDR Template Record. This
data is identified by the EVENT RECORD passed to the board
following the VCR transfer. A template of this sort can
considerably improve recognition of words within an audio
context of surrounding words. This is especially valuable for
words which are both short in duration and apt to be said in
strings such as the digits.

Parameters used: None
Data supplied: Event Record
Data returned: Template Record

Status Record:

ELEMENT
OFFSET SIZE DESCRIPTION
00 word Record Length (=4)
02 word Status Word
Possible errors: None

2.1.11 CSDR Template Load

This function performs the same function as ISDR Load except
that CSDR templates are loaded.

2.2 Voice Function Parameters

Several parameters as described below control audio levels,
timing and various other aspects of the voice functions.
These parameters are sent in the VCR for each function init-
iated.

2.2.1 Flag Byte

This byte provides modifying data for the basic function
being executed. The bits are assigned as follows:

MEANING (IF SET)

End on Pause

6kHz Audio Sample Rate (8kHz is default)
Enable Voice Detect

Enable Rewind Mode

Reserved (must be zero)

v
SN - Ol
-3
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2.2.1 Flag Byte (con”t)

BIT MEANING (IF SET)

75 Templates Loaded
6 Enable State Change Interrupt
7 Enable DTMF Interrupt

The END ON PAUSE bit (bit 0) applies to the CSDR Recognize
function. When set, it will cause the function to terminate
when 240 millseconds of silence is detected after speech has
been detected or after 7.5 seconds of speech without a pause.

This mode is useful for creation of embedded templates (see
section 2.1.10).

The sample rate selection bit (bit 1) is most useful for
reducing the bit rate for intelligible compressed speech. The
user can experiment with this control. The effect of a lower
"sample rate on the accuracy of recognition is currently
unknown but the expectation would be for lower accuracy. The
most recent version of firmware ignores this bit for all
speech compression functions, flags an error if set to the
lower rate for telephone operations and it“s use is not
recommended for recognition operations. As a result, future
versions of code will ignore it entirely and automatically
set the preferred sample rate for any given function. All
software under development should therefore always set this
bit to zero.

Bit 2 provides a Voice Detect option when set. This option is
only applicable to a DECODE operation. When this option is
enabled the VPC2000 looks at the input audio signal whenever
silence is being decoded. Since normal speech patterns always
have some silence within them this allows a user to "inter-
rupt” a message being played by the board. This option is
only available on boards with CP firmware of 3.00 or greater.
See the description of the NULL command to determine how to
read and interpret the firmware revisions.

The bit to enable REWIND for recognition (bit 3) allows a
change of candidate recognition templates while the Digital
Signal Processor (DSP) continues to process and buffer incom-
ing audio. Once the candidate template set is restablished
CSDR Recognition can resume at the precise time following a
previously recognized word. The effect of this is that during
a continuous stream of speech the candidate vocabulary can be
changed without the user being being aware of this background
activity. »

Bit 4 is currently unused but is reserved for future expan-
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sion. This bit must be set to a zero for compatability with
any future enhancements utilizing this bit.

The TEMPLATES LOADED bit (bit 5) instructs the VPC to com-
mence a recognition function using the templates already
resident on the board. This eliminates the requirement to
transfer a template set to the board and the board will make
no requests for templates.

The ENABLE STATE CHANGE INTERRUPT bit (bit 6) causes the VPC
to terminate any voice operation in progress and return a
status value indicating a change of state on either the
telephone line interface or the deskset interface. If a
ringing signal is detected on the line interface then the
RING DETECTED status is returned. If the handset switchook
changes state then either the DESKSET OFF-HOOK or DESKSET ON-
HOOK status is returned to indicate the current state of the
deskset reciever. This option is applicable to all of the
commands involving audio input or output, i.e. TRAIN, CAP-
TURE, ENCODE and DECODE operations. In addition it is applic-
able to the telephone command ANSWER. This option bit is only
available on boards with CP firmware of 3.0l or greater. See
the description of the NULL command to determine how to read
and interpret the firmware revisions.

Bit 7 enables recognition of a DTMF tone during the perfor-
mance of an audio input or output command. If a DTMF tone 1is
recognized then the status returned is DTMF DETECTED. The
code for the particular tone detected is returned in the low
byte of an additional word added to a 6 byte status record.
The higher order byte of the added word is set to zero. This
option is only available on boards with CP firmware of 4.00
or greater. See the description of the NULL command to deter-
mine how to read and interpret the firmware revisions.

2.2.2 Input and Output Gain

Both the input and output gain are adjusted in 6db increments
with parameter values 0 to 7. A parameter outside this range
causes a parameter error to be generated in the status byte.

2.2.3 Byte Rate

The byte rate parameter adjusts the average quantity of data
generated in the encoding process and is expressed in bytes
per second. Byte rates are valid in the range of 500 to 2500
bytes per second.
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2.2.4 1Initial and Final Timeout

These are time values expressed in 0.01 second increments.
Initial timeout refers to the time between the initiation of
the function and detection of any significant audio input
(i.e., not judged to be silence) by the VPC board. If the
Initial Timeout value is set to a non-zero value, then the
VPC terminates the operation and returns a status byte of
Initial Timeout if the period of silence exceeds this amount
of time. The Final Timeout refers to the maximum duration of
silence that will be allowed once "non-silent” audio has been
detected. When the Final Timeout value is non-zero then a
timeout will occur if a silence period equal to or exceeding
this period is detected. The operation is then terminated and
successful completion status is returned.

The Initial Timeout parameter is applicable to the ISDR
Train, Encode Message, ISDR Recognize, CSDR Train, and CSDR
Recognize functions.

The Final Timeout parameter is applicable only to the Encode
voice function. For this function all trailing silence in
excess of 60 ms. is deleted from the compressed speech data
transferred to system memory.

2.2.5 Acceptance Level

This byte indicates to the VPC the maximum acceptable DISTANCE
measured during CSDR recognition operations. The DISTANCE is

a measure of the closeness of fit between a stored template
and the incoming audio. For discreet word recognition opera-
tions, the system must make all acceptance level determina-
tions. This value must be placed in byte 11 of the VCR.

Any value of acceptance above 70 will cause increased response
time for CSDR Recognize operations due to increased proces-
sing requirements for the VPC control processor.

Determination of recognition acceptance for ISDR must be made
by the system processor. The VPC returns the distance values
for this purpose. 2.2.6 Word End Index

This data item provides a reference value for the extraction
of an embedded template from the compressed audio data buf-
fered on the VPC following a CSDR Recognize command. This
value 1is found in byte 10 of each event record and must be

placed in byte 10 of the VCR to rewind to the end of this
recognition event.
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2.2.7 Recognition Bit Map

The transfer of recognition templates to the card may be
accomplished by using either the ISDR or CSDR load commands
or by transferring the necessary recognition templates to the
VPC when the recognition command is issued. In either case
the the application must take note of the order in which
templates are transferred to the board in order to utilize
the capability of identifying a subset of the total template
resident on the board for the recognition operation. Using
only a subset of the total vocabulary available provides
faster response times and greater recognition accuracy in
most applications.

The bits in the Bit Map are assigned according to the order
in which the templates were transferred to the VPC. The
convention is that a bit set in the least significant bit of
the first byte of the map indicates that the first template
transferred to the VPC is to be a candidate template for the
recognition function. The order proceeds from least signifi-
cant bit of the least significant byte (first Bit Map byte
tranferred ) to the most significant bit of the most signifi-
cant byte (last Bit Map byte transferred). The Bit Map must
be long enough to reference all of the templates transferred
to the VPC. The length of the Bit Map is indicated by adding
to the record length of the VCR so that it includes the Bit
Map.

Since templates cannot be added to those already resident on
the VPC a completely new set of templates must be loaded if
any desired templates are not resident for a particular
recognition operation. '

A zero length Bit Map indicates that all resident templates
are to be active for a recognition operation.
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2.3 Status Byte

Following either voice or telephone functions a word byte of
status is returned by the VPC in the Status Record. Only the
least significant byte of the word reserved for an ending
status code is actually used. The more significant byte of

this word is always zero. The valid ending and intermediate
status values are given below.

VALUE MEANING
00 Successful Completion
01 (Unused)
02 (Unused)
03 Parameter Error
04 (Unused)
05 Capture Buffer Overflow
06 VPC Busy Error
07 DSP Overrun
08 Initial Timeout
09 No Valid Results/Invalid Data
0A DSP Decode Data Error
OB Ring Detected
ocC DP Memory Full
0D Template Load Error
OE CSDR Word Buffer Overrun
OF Unused
10 Voice Detected
11 DTMF Detected
12 Deskset Off-Hook
13 Unused
14 Function Not Available
15 Deskset On-Hook
* 20 Dial Tone Timeout
* 21 Ringback Timeout
* 22 Voice Detect Timeout
* 23 Busy Signal Detected
* 25 Ring Timeout
* 26 Control -Sequence Error
* 27 Data String Error
* 28 Detone Timeout
* 29 Termination Tone Detected
* = Status for Telephone Function Only (see section 3)

2.3.1 Successful completion

The requested operation has been completed without any errors
encountered. Any data required to be placed in the system
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memory by the operation now resides in the data area(s)
specified.

2.3.2 Parameter error
This error is caused by an invalid value in the VCR, TCR, or
template data when an operation is started. The causes of

this error are listed below.

VCR Parameter Errors

1. Illegal function code.
2. Illegal gain ( >7).

TCR Errors

1. Illegal function code.

2. 6Khz sample rate specified for Dial, Entone or Detone
commands.
3. Illegal gain.

Template Errors

1. Template record length not a multiple of 8 (ISDR) or 9
(CSDR) .

2. Template record length less than 32 or more than 512.

3. Length of templates transferred doesn”t match lengths
specified in template parameter block.

2.3.3 Capture buffer overflow

This error is indicated when audio data into the VPC exceeds
that which can be processed and buffered by the board when in
isolated word recognition modes. This will occur if the audio
level is such that no silence exists.

2.3.4 DSP overrun

In CSDR it means that the board has been unable to process
the data fast enough to keep up with the audio input. This
typically can happen if a large number of templates are being
used and the spoken input continues for a relatively long
period of time (more than twenty seconds) without a pause.
This can also be caused by the same non-silent audio input as
described for the Capture Buffer Overflow described above.
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2.3.5 VPC Busy error

This error is a result of the host issuing a new command
request to the VPC before the previously requested command is
completed. It indicates a sequencing error from the host.

2.3.6 Initial timeout

Indicates that no audio input above a silence level was input
to the system between the time a command was issued to the

system and the time specified by the Initial Timeout interval
was completed.

2.3.7 No valid results/Invalid data

NO VALID RESULTS is indicated following a STOP command to the
board when a recognition or train command has not had time to
complete. It signifies that no results from the recognition
operation have been passed to the system processor.

INVALID DATA is indicated following an attempted load of
template data to the board if the templates loaded are of the
wrong type (CSDR templates for an ISDR command for example)
or if the number of templates loaded do not match the number
of templates implied by the previously loaded template para-
meter block.

2.3.8 DSP decode data error

Indicates that invalid data was detected by the VPC during
decoding of compressed speech. Specifically this is the de-
tection of invalid information embedded with the message
data. This can be caused by invalid data present in the
system memory, hardware difficulties which alter data while
being read from memory and potentially a variety of other
system causes.

2.3.9 Ring detected

Indicates that an incoming call on the loop interface has
been detected. This feature must be enabled by setting the
VCR flag byte, Bit 6 to enable an interrupt if an incoming
call is detected. Any voice command that might be in progress

is terminated. Any data which may result from an active voice
command is invalid.
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2.3.10 DP Full

This error indicates that either an attempt was made to
either load over 150 recognition templates to board or that
the templates required more than the 22k bytes of on-board
memory space available for template storage.

2.3.11 Template Load Error

This error is returned when no templates have been loaded to
the board and a recognize command is initiated with the
TEMPLATES LOADED flag bit set.

2.3.12 CSDR Word Buffer Overrun

This status may occur in the CSDR Recognize functionm. If bit
0 of the Flag byte is set (End on Pause) it will occur if
speech (or noise) of over 7.5 seconds occurs without a pause.
If the above mentioned flag bit is not set, it occurs if for
any reason the 7.5 second on-board speech buffer is exceeded.
This can occur if the maximum number of templates are active
during the recognition operation and a user speaks for a long
period (generally more than 15 seconds) without pausing. It
may also occur if a REWIND function is in progress with
delays before restarting the recognition due to system opera-
tion, template loading, etc.

2.3.13 Voice Detected

This status indicates that voice input was detected during
the execution of a DECODE command. See section 2.2.2 concern-
ing the FLAG byte options for a further description of the
conditions under which this status can be returned.

2.3.14 DTMF Detected

This status indicates that a DTMF Tone was detected during
the execution of a voice command. See section 2.2.2 concern-
ing the FLAG byte options for a further description of the
conditions under which this status can be returned.

2.3.15 Deskset Off-Hook
Indicates that a change in switchhook status from on-hook to
of f-hook was detected for the deskset. See sectionm 2.2.2

concerning the FLAG byte options for a further description of
the conditions under which this status can be returned.
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2.3.16 Function Not Available

This status 1s returned if a function is attempted on a
VPC2020 or VPC2040 which is not installed on that board
model. See section 1 for a description of the functions
available for these models.

2.3.17 Deskset On-Hook
Indicates that a change in switchhook status from off-hook to
on-hook was detected for the deskset. See section 2.2.2

concerning the FLAG byte options for a further description of
the conditions under which this status can be returned.
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III. Telephone Operations

The VPC may be equipped with an FCC approved telephone inter-
face (TIP and RING). This allows attachment either directly
to central office facilities or to a PBX. The VPC telephone
command set allows it to both initiate and receive calls, and
provides most functions available through PBX equipment that
uses a “"switch-hook flash”. An auxiliary input is available
which allows the attachment of a standard telephone deskset.
This deskset can be used in its normal function as a standard
telephone, can be used to monitor the line while VPC telep-
hone operations are in progress or can be used for audio 1/0
to the VPC. These modes of operation are all under software
control.

3.0 Telephone Control Record

The telephone functions are controlled by means of a telep-
hone control record (TCR) which takes the place of the VCR
for phone functions. The contents of the TCR are listed
below.

OFFSET ELEMENT
(DECIMAL) SIZE DESCRIPTION
00 word Record Length (bytes)
02 byte Function Code
03 byte Flags
04 byte Input Gain
05 byte Output Gain
06 byte Detone Timeout
07 byte Ring Count (Answer)
08 byte Answer Delay
09 byte Dial Tone Timeout
10 byte Ringback Timeout
11 byte Voice Detect Timeout
12 byte Ring Count (Dial)
13 byte Detone Termination Character
14 byte Detone String Length
15 byte Not Used

3.1 Function Code

A single byte function code provides the basic command type
to the VPC. These codes are listed in the table below and
subsequently described in detail. The possible errors asso-

ciated with each command is detailed in section 3.4.
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BYTE VALUE
(HEXADECIMAL) DESCRIPTION

20 Onhook

21 Offhook

22 Dial

23 Answer

24 . Entone

25 Detone

26 Set Parameters

27 Flash

28 Telephone Monitor

3.1.1. Onhook

This function closes the telephone line. This is the equiva-
lent of "hanging up” a telephone (hence the terminology). The
actual physical effect is the opening of the switch for the
line. If the line is already on-hook this command has no
effect.

Parameters used: None

Data Returned: Status Record

Status record:

ELEMENT
OFFSET SIZE DESCRIPTION
00 word Record Length
02 word Status Word
Possible errors: None

3.1.2 0Offhook

This is the opposite of ONHOOK. It closes the switch for the
line and is the equivalent to lifting the receiver on a
telephone. If the line is already off-hook this command has
no effect.

Parameters used: None

Data returned: " None
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Status record:

ELEMENT
OFFSET SIZE DESCRIPTION
00 word Record Length
02 word Status Word
Possible errors: None

3.1.3 Dial

This function initiates a call. The string specifying the
number to be dialed is supplied by the system processor as a
data record. It is inspected for validity and the line is
then taken off-hook and the VPC waits to detect a dial tone.
Once the dial tone is detected, the supplied data stream is
used to dial a telephone number. In addition to digits repre-
senting a telephone number or extension, the string may
contain special codes which alter the mode of dialing (either
DTMF or PULSE dialing) as well as codes which specify pauses
in the dialing‘sequence to either wait for another dial tomne
or for a specific time interval. The call progress is then
monitored by detection of the familiar "call progress tones"”
such as BUSY and RINGBACK. If BUSY is detected the call is
immediately terminated (the line is placed on-hook) and the
BUSY status is set in the status byte. When the telephone is
answered, it is assumed that a person will speak into their
telephone ("HELLO" is most common). The VPC detects this
audio and sets the successful completion status. Details
regarding the requirements for the dialing string are covered
in section 3.5.

Throughout the calling sequence, several timeout and count
parameters are monitored. These parameters as well as addi-
tional parameters to tailor telephone operation to the needs
of the particular operating environment are available through
the parameters detailed below as well as the SET PARAMETERS
command.

Parameters used: Input and Output Gain
Dial Tone Timeout
Ringback Timeout
Voice Detect Timeout
Ring Count (Dial)

Data supplied: Dial String Record
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Status record:

ELEMENT
OFFSET SIZE DESCRIPTION
00 word Record Length
02 word Status Word
Possible errors: Dial Tone Timeout

Ringback Timeout
Voice Detect Timeout
Busy Signal Detected
Ring Timeout

Data String Error

3.1.4 Answer

The answer function monitors the ring indicator and closes
the hook switch (goes off-hook) when the specified number of
ringing cycles for an incoming call are detected. Following
the specified answer delay the VPC signals completion with
appropriate status and an interrupt. The answer function may
be cancelled by the on-hook function. This function can be
initiated with the ENABLE STATE CHANGE bit (Bit 6) set in the
Flag byte. The response to the ring indicator will follow the
normal answer delay parameter under this circumstance.

The answer function may also be invoked by a flag bit in the
VCR When the ENABLE STATE CHANGE bit is set, the control
processor will monitor the ring indicator as well as the
deskset switchhook status while performing voice functions.
If a ring occurs, the VPC interrupts the system processor
with the ring detected status. The system processor can then
respond appropriately.

Parameters used: Ring Count (Answer)
Answer Delay

Data returned: None

Status record:

ELEMENT
OFFSET S1IZE DESCRIPTION
00 word Record Length
02 word Status Word
Possible errors: None
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3.1.5 Entone

This command sends the supplied dialing string over the
already opened (off-hook) telephone line. The string format
is described in section 3.5. The ASCII representation of the
16 tones is given in section 3.6.

Parameters used: Output Gain

Data supplied: Tone String Record

Status record:

ELEMENT
OFFSET SIZE DESCRIPTION
00 word Record Length
02 word Status Word
Possible errors: Control Sequence Error

Data String Error
3.1.6 Detone

The DETONE function monitors the line, decodes the received
DTMF codes into ASCII, and passes them to the system using
the standard data record format. The detone function con-
tinues until one of the conditions listed below is met. The
ASCII representation of the 16 codes is given in section 3.6
and the string format is described in section 3.5.

- The requested number of tones has been received.

- A tone matching a designated termination tone is
received.

- The Detone Timeout is met.

Parameters used: Input Gain
Detone Termination Character
Detone String Length
Detone Timeout

Data returned: Tone String Record

Status record:

ELEMENT
OFFSET SIZE DESCRIPTION
00 word Record Length
02 word Status Word
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Possible errors: Control Sequence Error
Detone Timeout
Termination Sequence Detected

3.1.7 Set Parameters

This function permits the user to change the time intervals
for DTMF tone generation and switchhook flash to values other
than the default ones supplied by the VPC. The desired values
are assembled into a data record (described in section 3.7)
and passed to the VPC upon request. The VPC will then use the
data to make the appropriate changes in its internal para-
meters. Modification of the time interval values allows ad-
justment to be compatible with various telephone switching
equipment. Since the default progress tone frequencies are
those specified for the telephone system in the United
States, this feature is primarily intended to readily adapt
the system for use in other parts of the world.

Parameters used: None
Data supplied: Parameter Record

Status record:

ELEMENT
OFFSET SIZE - DESCRIPTION
00 word Record Length
02 word Status Word
Possible errors: None

The default values are stored in the DSP data area and are
re-established any time the telephone code set is invoked
after a non-telephone function, or after a reset. The default
values for these parameters are given in section 3.7.

3.1.8 Flash

This function performs a "switch hook flash™ using the cur-
rent parameter setting to determine the time duration of the
flash. This function allows access to features found on many
PABX systems.

Parameters used: None

Data supplied: None
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Status record:

ELEMENT
OFFSET SIZE DESCRIPTION
00 word Record Length
02 word Status Word
Possible errors: None

3.1.9 Telephone Monitor

This function is provided to wait for a status change on the
deskset or line interface. An interupt is generated if either
a ring is detected on the line or the hook status of the
deskset changes. There are no timeout parameters associated
with this command but it may be terminated with a stop com-
mand. The status byte for a state change may be either Ring
Detected, On-hook or Off-hook.

Parameters used: None
Data supplied: None

Status record:

ELEMENT
OFFSET SIZE DESCRIPTION
00 word Record Length
02 word Status Word
Possible errors: None

3.2 Flags

Two flag bits are defined for the telephone functions, as
follows:

Bit 0: Unused (may be any value)

Bit 1: 6 kHz Audio Sample Rate (8 kHz default)

Bit 2: Reserved (must be zero)

Bit 3: Unused (may be any value)

Bit 4: Reserved (must be zero)

Bit 5: Unused (may be any value)

Bit 6: Enable Pulse Dialing/Enable State Change Int
Bit 7: Disable Voice Detect Timeout

The 6 kHz AUDIO SAMPLE RATE option (bit 1) should never be
excercised (should always be set to zero) for telephone
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operations. It will cause a parameter error to be flagged by
the VPC. This option bit will be deleted in future releases.

The PULSE DIAL ENABLE bit (bit 6) causes the board to use
pulse (rotary) dialing mode of operation for originating
calls rather than DTMF tones (the default mode). Note dupli-
cate usage in paragraph below.

The DISABLE VOICE TIMEOUT bit (bit 6) disables the call
termination if neither a ringback or voice is detected while
dialing a call. This is primarily used for test purposes when
setting up an application. This same bit is used for an
entirely different effect if used in confunction with the
ANSWER function. In this context it allows an interrupt to be
set 1f a change in the deskset switchhook status is detected.
If such a change is detected, the status returned from the
board is either DESKSET ON-HOOK or DESKSET OFF-HOOK depending
upon the state of deskset reciever. Note duplicate usage in
paragraph above.

3.3 TCR Parameters

Several entries in the TCR are parameters for telephone
operations as described below.

3.3.1 Input Gain

The input gain parameter 1s always set by the firmware to a
minimum gain level of 4 which generally gives the best re-
sults for dialing operations. This value may increased by
inserting an input gain value of greater than 4 in the TCR.

3.3.2 Output Gain

The output gain for generation of touchtones in either the
DIAL or ENTONE commands is fixed by the firmware at a gain
level of 2 and is not affected by the value in the TCR.
3.3.3 Detone Timeout

The detone timeout parameter specifies in tenths of seconds
the length of silence required to end the detone function.

If no tones are detected for this length of time, a Detone
Timeout status is returned.

3.3.4 Ring Timeout

The ring timeout parameter specifies the numbers of rings

allowed before going off-hook and completing the answer func-
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tion. This feature allows implementation of features found on
automatic telephone answering equipment. Specifically, it
allows the local user to answer the call rather than have it
automatically answered and also allows the user to avoid
telephone charges if no messages exist when calling from a
remote location.

3.3.5 Answer Delay

The answer delay specifies in tenths of seconds the length of
time between the line being taken off-hook and the VPC inter-
rupt to the system.

3.3.6 Dial Tone Timeout

The dial tone timeout specifies in tenths of seconds the
waiting time for a dial tone either after the line is init-
ially taken off-hook or after the “W” parameter in the call
string.

3.3.7 Ringback Timeout

The ringback timeout parameter specifies in tenths of seconds
the maximum time between the completion of dialing a number
and the detection of a ringback tone. If no ringback is
detected, the call is terminated on-hook with the no ringback
status.

3.3.8 Voice Detect Timeout

The voice detect timeout specifies in tenths of seconds the
length of time the VPC waits for a voice response after end
of ringback if voice detect timeout (Flag bit 7) is enabled.

3.3.9 Ring Count

The ring count parameter specifies the number of rings the
VPC waits for the ring back to stop after detecting'the
ringback tone during the dial function.

3.3.10 Detone Term Character

This byte specifies a terminating character which can end the
DETONE function. If during the course of executing the DETONE
function the VPC detects a received code that matches the
character in this byte it terminates the command and returns
Termination Tone Detected status. This tone as well as those
preceding it are transferred to the system in a Tone String
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Record.
3.3.11 Detone String Length

Indicates the maximum number of tones to be detected before
terminating a DETONE function.

3.4 Status Byte

Many of the states of the status byte are related only to
telephone operations and the meaning of these states are
described below.

3.4.1 Dial Tone Timeout

This error status indicates that no dial tone was detected
within the specified dial tone timeout period following tak=-
ing the line off-hook. The line is placed back on-hook.

3.4.2 Ringback Timeout

This error status indicates that no ringback signal was
detected within the timeout period following the last dialed
digit when an attempt was made to initiate a call. The line
is placed on-hook.

3.4.3 Voice Detect Timeout

This error status indicates that neither a call progress tone
nor voice has been detected for the specified timeout inter-
val. For this timeout period to be active a ringback tone
must previously have been detected. The line is placed on-
hook. This timeout may be disabled by setting bit 7 in the

Flag byte.
3.4.4 Busy Signal Detected

This status indicates that a busy signal was detected and the
line was placed on-hook.

3.4.5 Ring Timeout
This status indicates that the number of rings specified in

the ring count has occurred since the first detection of a
ring signal. The line has been placed on-hook.

74500029 Page 38 Revision D



3.4.6 Control Sequence Error

This error indicates that a function was requested that was
impossible to execute given the current state of the VPC. An
example of this would be a request to detect DTMF tones while
the telephone line is in the on-hook state.

3.4.7 Data String Error

This error indicates that the data string supplied to the
board specifying the number to dial (as well as intermediate
functions) was found to be in error. The string is checked
prior to initiating any actions with the telephone line.

3.4.8 Detone Timeout

This statusvindicates that the time between either the init-
iation of the DETONE function or the last detected DTMF tone

equals or exceeds the specified timeout value. The line is
left off-hook.

3.4.9 Termination Tone Detected

A DTMF tone matching the specified termination tone was
detected.

3.4.10 Deskset On/O0ff-Hook

Either of these status conditions may occur 1f the Telephone
Monitor function is executed. See section 2.3 for a further
description.

3.5 Data String Description

The Tone and Dial Strings used by the VPC are of two types
depending upon the function being performed. In both cases
the valid character set consists of ASCII characters. The
character sequence is transferred to or from the board using
the standard data record format beginning with a record
length word to define the total number of characters. For the
ENTONE and DETONE commands the valid character set consists a
standard character set representing the 16 standard DTMF
tones as given below.

"0123456789" "ABCD" "*#"

For the DIAL command the additional characters "P", "W", "R"
and "T" are valid.
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The "W" in the dialing character string indicates to the
board that it should wait for a dial tone before proceeding.
If no dial tone is detected within the interval specified in
the Dial Tone Timeout parameter, the call is terminated and
the Dial Tone Timeout ‘status is returned.

The "P" in the dialing sequence causes the VPC to pause for
the specified time interval prior to proceeding with the
dialing sequence. This is a method of dealing with delays
introduced by various types of telephone switching equipment.
The time interval is defined by the next character in the

sequence (which must be a digit) and indicates the delay in
tenths of seconds.

The "T" causes subsequent digits in the string to be dialed
using DTMF tones and the "R" causes digits to be dialed using
rotary (pulse) dialing. This feature allows a mix of dialing
modes used in a single DIAL command.

3.6 DTMF Tones

A DTMF tone includes one frequency from each group of high
and low frequencies given below as ROW and COLUMN frequen-
cies. The minimum duration for detection is 40 milliseconds
minimum and 40 milliseconds minimum between tones. Frequency
tolerance for all tones is 1.5%Z + 2 Hz. The tone frequencies
and ASCII representations are given below.

ASCII

CHARACTER ROW COLUMN

1 0 0

2 0 1

3 0 2
4 1 0

5 1 1 ROW FREQUENCIES
6 1 2 0 = 697 Hz
7 2 0 1 = 770 Hz

8 2 1 2 = 852 Hz

9 2 2 3 = 941 Hz
0 3 1
* 3 0 COLUMN FREQUENCIES
# 3 2 0 = 1209 Hz
A 0 3 1 = 1336 Hz
B 1 3 2 = 1447 Hz

C 2 3 3 = 1633 Hz
D 3 3
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3.7 Parameter Record

The data array contains parametric information to tailor key
time intervals of the VPC board to accommodate as much as
possible the characteristics of telephone systems world wide.
The default values are appropriate for the United States.

OFFSET SIZE MEANING
— 00 word Record Length
00 word Entone Time Interval (both on and
off)
01 word Switch Hook Flash Interval
02 word Ring ON time, milliseconds
03 word Ring OFF time, milliseconds

The default values for the telephone parameters are given
below. '

Entone Interval: 90 ms. (both on and off time)

Flash Interval: 500 ms.

Busy trunk: 480 & 620 Hz, 0.5 seconds on, 0.5 seconds
off.

Ringback tone: 440 & 480 Hz, 2 seconds on, 4 seconds
off.

Dial tone: 350 & 440 Hz, steady tone.

3.8 Internal Tone Buffer

Due to the asynchronous nature of touch tone input, the board
buffers a single DTMF tone internally to avoid missed tones
between commands. This buffer is automatically flushed at the
completion of the DIAL and ENTONE commands and may be expli-
citly cleared by either a SOFT or HARD RESET.
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The Microsoft WACRO Acsembler 08-04-84 PABE 1-1

page 60,132
srreseese SAMPLE COPDE FOR Votan VP C 2000 sespesssssns
This saeple of some acsesbly code and cossents demonstrates some of the

§
§
i
H programeing reguireeents for the Votan VPC2000 voice board.

H This saeple is intended only to illustrate the usage of the VPL2000
1)

i

H

R

and is not a complete I/0 package for the YPL2000

1222222222 22222222222 2322222 2222222222222 22222223222222222 22222222222 2222222322°

jEEREEEE soee variables typically needed by VPC2000 software ¥eeiesssssssssasss

0000 data  seoment
poo0 7777 iobase dw ? i base I/0 address of VPC2000
0002 77 rfi db ? ; reason-for-interrupt byte
0oy 7777 intlvl dw ? 3 interrupt level of VPC2000
0008 77 cregl db ? j contrel register ! mask
Qo0s 7?7 creg? gt ? i control register 2 mask
0047 80 [ thever db 128 dup (?) ; buffer reserved for a VCR/TCR

2?

1

0087 data  ends

{HEEEEE various egquates for progras constants BEFRERBNFIIRRIISIIIIIIIEIIREILINS

jo-=-- VPC2000 register pffsete =----mmsosomommmmom oo
0004 RI  equ OOk read-data register offset for VPL200C

"

= 601 RS -enu Oih 3 read-status register offeet for VPL20G0
= (002 Wk oequ (2h i owrite-data register cffset for YPC2000
= 0003 CT1 egqe 03 i control register | pffset
= 0004 R8T equ O4h i reset register offset
= 0005 INT egu Sk i interrupt register offset
= QUi IAK egu Gtk 3 interrupt acknowledge register offset for VPL200¢
= Q00F £T2 egqu 0BR ; control register 2 faudic paths) offsst
Hat 8259 1/0 addresses and codes ------=----ssssssssmeesomsoseeoooooomoooo
= 0020 FICa egu 20k ; 8259 EOI 1/0 address in IBM PC
= 002§ PICE equ 2ih i 8239 pask 1/0 address in IBM PC
= 0020 NECT egu 20 i non-gpecific EOI code for 8259
o= YPC2000 RFIs {Reaspn-For-Interrupt) codes ---- -
= 0000 ADK equ OO+ 3 tersinating, no status follows
= 001C TERM equ 1Lk i terminating, status follows
= 001D STAT equ 1Dk i not terminating, status followe
= 001 READ egu 1EH ; data needs to be read froa VPC2000
= 00IF WRIT equ 1Fh i data neede to be written to VPC2000
j----- VPL2040 Status register bit masks -- ==
= 0040 RRDY pqu  4CH 3 read-ready bit in status register
= 0080 WESY eqgu BOh 3 write-busy bit in status register
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page
0000 tode  segaent ,
assuse (S:code,DS:data,ES:data,SS:code

TEEEEEREEEEE VPC2000 Interrupt Handler #esdssdasssidsdidissdsbissstsiissssn

This sample interrupt handler is shown as a sieplied eixture of
asseably code, cossents, and dusay procedures that attempt to show
the essence of the VPC2000 operation, It is assueed that other
functions external to interrupt handler are monitoring its progress
through certain sutually addressible state variables.

assuee offset & segment address of this routine has been loaded into:
0:28 {level 2), 0:2C (level 3), 0:30 {level 4) and
the 8229 (PIC) has been enabled for this interrupt level
{see iritialization code in next segment

e Mt e e g MM agm MR s W e e

s
y
.
§
.
¥
N
¥
.
1
.
)
.
H
.
1
.
'
.
H
.
L]
.
3
.
¥
N
]

FESEEEFIEE RN BRI R RS R R AR R R R R R R B RN S MR I P EE R RSB
0000 VPCINT  proc i entry point for VPC2000 interrupts

;#%% push all register used by any portions of this routine
j##s pctablish addressibility to all variables used by this routine

j¥34 read the reascn-for-interrupt byte

0000 BR 16 0000 R pcy dy [iobasel 5 get the base 1/0 addrese of VP
(004 83 €2 00 add dx,RD i & add the Read-Data regicter offset
46007 EC in  al,dx i read the RFI byte
0008 AZ Q002 R eov [rfil,al i b osave it for later use
jeed write interrupt acknoeledge to VPC
Q0GB BB 16 0000 R pov Oy, lichasel 5 get the base 1/0 address of VPC
000F B3 C2 0¢ add  dx, lp¥ i & add the Interrupt-Ack register ofécet
0012 32 CO xor al,al i use 2 zero to write to VPC
T 0014 EE put dy,al ; write to port to acknowledge interrupt
{NOTE: The VPC could interrupt again at this point
j#4% write non-specific EOI to PIC to re-enable it for new interrupt
{NOTE: Details of PIC operation shouid be followed ¢roe the
H appropriate systee technical reference sanuals and 8239 data sheets
0015 BA 0020 sov  dx,PICa i get the 1/0 address of PIC EOI register
0018 BO 20 soy 2l NEDID ; set byte to non-specific EQI
001A EE out dy,al i acknowledge EC] to PIC
$ROTE: Another interrupt could occur now and this routine could be
i re-entered prior tc cospleting this interrupt. The interrupt
j handler should either be diszbled or fully re-entrant,
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page
;##F now analyze and handle the interrupt
00iB AG 0002 R pov al,[rfi] i fetch the RFI
001E  3C 00 cap al,ADk 3 RFI = cospletion without further 1/0 ?
0020 75 03 jnz  $liht y 1f not, try another
;##2 set some variables to indicate coapletion so other routines know
0022 EB 31 90 jap  VPCINTx § go through exit process
0025 3C IE flinl:  cep al,READ i RF1 = read data froa VPC
0027 75 06 jnz  flih2 ;3 if not, try another
0029 EB 00LS R tall PREAD i read the data
j¥#¥ cet appropriate variables to indicate data is available for
§ additional processing
002C ER 27 90 jap  VPCINTy i go through exit process
002F  3C {F flir2:  cap al,WRIT i RFI = write data te VPC
0031 75 OF jnz  f1ih3 j 1f not, try anocther
H cap [stv], Wver 7 tect soee state variable to see if we
3 need to write VLR in response te START
i or whether it ic really data output
0033 75 Ok jnz flih2w i 1f not, do data output
0035 EB 00BS R call PVCE i write the ver
0038 EB 1E 90 jap VFCINT: ; go through ewit procese
0G3B EB 00B9 R f1ih2w: 2}l PHRITE i write the data
0G3E EB 15 9¢ 18 VPCINT: ;i goc through exit procese
0041 3£ 1D $1ih3: cer  al,STAT i RF1 = read status without tereinatior
0087 75 0f jnz flihd 3 if not, try another
0045 EB OUSE R rall PSTAT ; read the status
j##+ cet appropriate variables to indicate statue is available for
t additional processing
(048 EB OB 9C jmz VPCINT i go through exit process
004F 3C IC $liha:  cmp al,TERM + RFI = read status and termination
004D 7% 08 jnz  f1ihS 3 1f not, try ancther
004F ER 0057 czll PTERK i read a tersination status
4% set appropriate variables to indicate status is available for
}  additional processing and VPC2000 activity has terminated
0052 EB 0! 99 jap VPCINT: i go through exit process
0055 f1ihs: 1#3% there are no other RFIs defined, sc this won’t happen
0055 VPCINT:: s### exit code for interrupt handler
;#3% get any variables to let other code know what happened
}#4% pop all regicsters pushed at the beginning
0055 FR sti ; re-enable interrupte (for sure)
0056 CF iret i return to whatever was interrupted
0057 VPCINT  endp
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0057

0057

005D
005E

00SE

003E

0081

006£35

0065

0088
006C

E8 004C R

£B 008F R

L3

EB 006C R

E8 008F R

E8 0L R

E8 O0BF R

74500029

ptera

0B-06-84

page
proc

PABE

call vperlen

¥
v
)y

1-4

read termination status

read length of status data
CX = length

1#33 find appropriate buffer {only one needed) to place status,
i  set ES:DI -3 buffer, retain length in CX

tall vperead

use read routine to get the data

j##% cpt any additional variables

ptera

pstat

ret
endp

proc

tall vperien

.
]
.

read a status record

read length of status data
CX = lenpth

j#%¢ dynagically allocate a buffer to place status,
i set ES:DI - buffer, retain length in CX

tall vprread

'

use read routine to get the data

j##% cet any additional variables

pstat

pread

ret
endp

proc

tall vpecrlen

.
§
.

¥

read a data record

read length of status data
CY = length

j#42 dynasically allocate a butfer to place data,
3 set ES:DI -) budfer, retair length in CY

call vperead

3

use read routine to get the data

$#84 set any additional variables

pread

Appendix I

ret
endp
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page
004C vpcrlen  proc i read length for resaining inforsation
006C BB 16 0000 R pov dx,[iobase]  § get the base I/0 address of VPC
0070 8B DA acy by, dx ¢ make a copy in BX
0072 83 C2 0 add dx,RS i add the Read-Status register offset
0075 83 C3 00 add by, RD i add the Read-Data register offset
0078 EC rrdyl: in al,dx i read status byte
0079 24 40 and al,RRDY i test the read-ready bit
0078 74 FB iz orrdyl 7 if not on, repeat until it is
007D 87 DA xchg by, gy i put RO I/0 address in DX
007F EC in  al.dy i get Least-Significant-Eyte of lenoth
00BC BA C8 pov cl,al i copy to LSE of CX
0082 87 DA xchg by, dx ; put RS 1/0 address in DY
0084 EC rrdy2: in  al,dy ¢ read status byte
06BS 24 40 and al,RRDY i test the read-ready bit
0087 74 FB iz rrdyv 3 if not on, repeat until it is
G089 87 DA scho by, dx 3 put RD 1/0 address in DX
0088 EC in  al,dy ; get Least-Significani-Bvte of length
008C BA EB pcvy ch,al ; copy to LSE of CX
Q0BE C2 ret + CX nom = length of resaining data
008F vpcrlen  endp
008F vprread  proc + read data, ES:DI-dhufdfer, CX = lencih
((BF BE CI aoy  ay,oy 3 copy the length
0091 fFC cld i set forward direction for aute-in:
00632 AB ctosw i save the length in buffer
0093 B3 E9 (2 seh oy, 2 t subtract length itself {ror lenath
009 OB (9 Or  CX,CY i test for only two byte length
0098 75 0! jrz vperl i if ), continue
0058 €2 ret ; done, go batk
00%F BB 16 000C R vperlt mov dx,[iobasel i get the base 1/0 address ef VPC
G0GF B8k D& poy by, dy i make a copy in BY

TO00A! BIL2OM add  dx,RS i add the Read-5tatus register cffset

0084 B3 C3 00 add by, RD ; add the Read-[ata register offset
0087 EC vperrs o in al,dy ; read status byte
0048 24 49 and al,RRDY i test the read-ready bit
0CRE T4 FB jz vperr i if not on, repeat until it is
00AC 87 DA xchg by, dy ; smitch RD 1/D addrese into DX
QOAE EC in  al,dx ; get dats byte
00AF  AA stosh + save the data byte
00RC 67 D4 xchg bx,dx i switch RS 1/0 address intc D}
0082 E2 F3 locp vperr i repeat until all bytes in
0084 L3 _ ret 3 all done
0085 vpcread  endp
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00BS

00BS
0088
0089

0089

00B9
008C
00BD

00BD

002D
00BE
0000
00C4
00Ce
00C¢
ool
eoch
ooCF
00D
00D3
0004
00D
eer?
0000

00DA

0604

£6 OCED R
3

E8 00BD R
€3

FC

g oC

BB 16 0000 R
B85 DA

B3 €2 0t

83 €3 02

EC

24 B0

75 FB

g7 I3

"AC

113
87 I3
E2 F3
£3
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pvcr proc i write sose VCR to VPC

1483 Jocate the VCR and set DS:SI-)length preceeding VLR
call vpowrit ¢ write the vcr to board

ret 3 all done
pvcr endp
pwrite  proc { write sose data to VPC

;384 Jocate the next data record to write
H and set DS:SI -> length preceeding data
tall vpowrit 5 write the data to board
ret 3 all done
purite  endp

write data record/ver to board
DS:S1 -)> length ¢+ data

vpewrit  proc

set forward directior for aute-int

get the length word

get the base I/0 address of VPL

ant make a copy

add in status register offset

add in write-data register offeet

read the statue byte

test i# VPL etill busy with last bvie writter
i¢ 5o, keep on tecting until last byte done
put the W[ address in DY

get next data byte

write the data byte

put the RS address in DX

continue for the rest of the dsta

i all done

oy cx [si)
acy dy, [iobase]
sy by, dx
ad? dx,RE
add by NP
vpowr: in  al,dy
ant i, WESY
jRI ypowr
xchg dx by
lodsh
out dx.2l
achg dx, by
ooz vpowr

ret

- R e e we WS we W en wE wme S we TS wa

ypowrit oende

tode ends
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page
000¢ todes  segeent
assuae (S:codes,DS:data,ES:data,SS:codes

JEEEREEE YPC2000 Mainline 344 44ss st b ba b s i SRR RN REP R R R RRRRRRRRERREREIRISEIE

L]
i Thic saeple mainline prograe initializes the VPC2000 and installs ite
3 interrupt handler into the PC. It then shows some acseebly code and
; dueey procedure to start and stop operations on the VPC.

'

i

L I .

(2222222222222 222222222222 222222222222 22222 2232222 2222222223233 2232232232223]
1441 pstablish all regicter and addressibility

1438 hard reset the VPC2000

0000 BB 16 0004 R 2oy dv, [ipbase] i qet the bace I/0 address of VPC

0004 B3 C2 02 add dx, WD i & add the Write-Data register offset
0007 B0 00 pov al, 0 i hard reset code

0009 EE out dx,al i write hard reset code to VPC

0008 BB 16 0000 R sy dx, [iobase] i oet the bace 1/0 address of VP

000E 83 C2 04 add dx,RST i & add the Reset repister offset

0011 BO 00 80V al, 0 i dusey byte for this port

0013 EE put dx,al i cause the reset to occur

1#3% now delay while RESET 15 happening
i 160 clocks/loop ¥ 500 loops = 50,000 clocks = 10ac

00:4 B9 Q1IF4 [ 1 £x, 300 i ¥ of loops to delay
0017 D& OF pdelav: aae i slow instruction (B2 clocks)
0019 E2 FC loop pdelay i repeat 1t {17 clocks!

j##3 now setup the control register
Q01B BE 14 000 R 20Y dx,[icbasel i get the bace 1/0 address of VPC
001F B3 L2 43 add dx,CT1 3 & add the Control-Register 1 offset
0022 AQ 0005 R BOY al,fcregtl i get the contrel register ! mask
0025 EE put dx,al ; write the mask to control register
0024 BB 14 00O R ROV dx,[iobasel i get the base 1/0 address of VPC
002f 83 C2 (F add dx,CT2 i % add the Contrcl-Register 2 offset
0020 AC 0005 R aov al, [creg?] i get the control register 2 mack
00630 EE put dx, 2l j write the sack to control register
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0031
0035
0038
0038
003C
003E
0040
(044
0047
0044
004C

004F
0052
0058
00se
0C3A
005C
005F
0080
0062

74500029

8B 1E 0003 R
83 C3 08

03 DB

03 DB

33 C0

BE CO

BD 04 0000 R
261 89 07
83 C3 02

8C C8

260 89 O7

BB OF 0003 R
B8 0001

D3 EO

F7 00

BA C8

BA 0021

EC

20

EE

pag

08-06-B4 PABE

e

1-8

y#38 inctall the interrupt vector
iNOTE: the interrupt level is a binary value of 2, 3, or 4. We have to
; add  to that value since the PC offsets the hardware interrupts
§ handled by the PIC by 8 levels. Then we multiply by 4 (two words
} per interrupt level) to find the offset in low mesory

ROV
add
add
add
xor
g0V
lea
pOY
add
2OV
a0V

by, fintlv]]
bx,8

by, by
bx, by
ax,a¥
S,y

ax, VPCINT
ES:{bx1,ax
by, 2

ax,rs
ES:{bx],ax

.
]
.
H
.
’
.
H
v
1
.
H
L3
H
.
y
s
'
1]
y
v
H

get the interrupt level
add the offset of the PIC levels
x2
¥ x2 to get double word offset in lowees
get a zero
and set ES to low semory. ES:BY-> IV
get offset of our interrupt handier
and save that in the IV offset
advance ptr to segeent
get our code segsent
and save that in the IV segsent

j##% now enable the PIC to accept this interrupt
iNOTE: see the appropriate hardware technical reference sanuals to get

H explanations of masking interrupt levels in the PIC
sy ey, [intlvl] i get the interrupt level
1 ay, !l i get a 1 for shifting
shl av,cl i left chift that bit by interrupt level
not ay 3 cosplement pask to uneask fenable) that level
pov tl,al i sake a copy
pov dx,PICh t get 1/D address of PIC mack register
in al,dy ¢ get current PIC mask
ant al,cl ¢ unsask our interrupt level, cther lvie unchanger
out gx,al i write new mask to PIC

{NCTE: everything ic now enzbled te let interrupte from VPC2000 prrur
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page
1438 now issue BEEP 4unction to VPC2000
i build a VCR
0063 B8 0004 BOv av, b ; length of BEEP VCR
0066 A3 0007 R ROV word ptr [theverl,ax i save that length
0069 Cé 06 0009 R 07 (11 byte ptr [thever+21,07h ¢ BEEP function
006E €& OF O00A R 00 fov byte ptr [thevcr+31,00h § $lags
0073 C& 06 COCB R 03 a0V byte ptr [thever+43,03h § set gain in =3
0078 C6 06 00OC R 03 aov byte ptr [thever+51,03h § set gain out =3
3 start the corsand
007D ES 00B7 R tall  pstart ; start the operation
tNOTE: assume that VPCINT is disabled so we will pell it until it is
H finished by seeing the réi po to ADK
0080 BO 3E 0002 R 00 bdelay: cap [reil, ADK  see if we have ADK ye!
0085 75 F9 jnz bdelay i keep looping until we do
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page
0087 pstart proc i issue a start cosmand to VRC2000

0087 €& 06 0002 R 77 (113 [réid, 770 3 set an invalid RFI for poll loops
00BC BE 16 0000 R (1:17 dx,[iobasel i get the bace 1/0 address of the VPC
0090 83 C2 02 add dx, WD i & add the write-data register offcet
0093 B 01 L)Y al, 01 ; start coesand code

0095 EE out dx,al ; write start comeand to board

0096 BB 16 0000 R 80y dy,[iobase] i get the base I1/0 address of the VPC
0094 83 C2Z 05 add dx, INT i & add the interrupt register offset
0090 RO 00 80v al, 00 ; data byte is don’t care

009F EE out dy,al 3 cauce an interrupt in the VPC

00A0 €3 ret ; all done, VPCINT takes over from here

$NOTE. After the VPC sees the interrupt caueed by the write to its

} interrupt register, it will read its data byte and recognize
§ the start coesand. It will then interrupt the systee processor
H and suprly a WRIT RFI, indicating it wants the VLR,

$NOTE. In the cace of BEEP, a short VCR can be sent to the bcard and
i upen coepletion o4 the BEEP the VPC will interrupt the systee
3 processor with an ADK RFI

{NOTE, Thic sample routine sets the RFI to a software-defined *busy’
; status so an ewternal routine car poll the RFI to see the

i interrupt handler processing the interrupt and detereine when
i the function is coeplete

G041 petart endp

00A] pstop  proc j issue a stop comeand to VFL2(00

QGp1  CL G 0002 F FF BOV [r$11,0FFh § set an invalid RFI for pell loope
00AL BE 16 00OC R acy gs,[iobasel i get the base I/0 address of the VFC
00Re 83 C2 02 add dy, WD + & add the write-datz register offset
004D RO 02 ROV al, 02 j stop coesand code

00AF EE put dy,al ; wite start comeand to board

00RY BE 16 Q000 R pov dy,fipkasel i get the bace 1/0 address of the VPC
OGB4 83 C2 0% add v INT i & add the interrupt regicter offset
0087 B0 00 ROV al, 00 i data byte is dorn’t care

00BY EE out dy,al ; cause an interrupt in the VPC

00RA 3 ret i all done, VPCINT takee over froe here

$NOTE: After the VPC seec the interrupt caused by the write to its

3 interrupt register, it will read its data byte ang recognize
3 the stop comeand. Typically it will then interrupt the systes
H processor and supply a TERM RFI, and then a status recerd.

00BE pstop  endp
00BB todes  ends
end
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0087

0087 Cé& 04 0062 R 77
008C BB 16 QOCC R
0090 B3 C2 02

0097 B0 01

0095 EE

0096 B8R 16 0000 R
0098 B3 C2 05

0090 BO 00

G09F EE

00AC L3

74500029

sceebler

pstart

.
’
i
'
.
’
.
3
i
'
L]
]
.
H
.
H
1]
!
.
’

petart

Appendix I

pag

pro

a0V
20V
add
Bov
put
gOv
add
aov
out
ret

NOTE.

NOTE,

end

08-06-84

e
C

[réid,77h
dx,[iobasel
dy WD

al, 01

dy,al

dx, [iobasel
dy, INT
al, 00

dx,al

PASE

E mw P wn WS W W e wh e

NOTE. After the VPC sees the

1-10

issue a3 start command to YPC2000

set an invalid RFI for poll loops
get the base I/0 address of the VPC
& add the write-data regicter pffset
start coasand code
write start comsand tc board
get the base 1/0 address of the VPC
& add the interrupt register oéfset
data byte is don’t care
cause an interrupt in the VPC
all done, VPCINT takes over fros here

interrupt caused by the write te its

interrupt register, it will read its dats byte and recognize
the start comsand. It will ther interrupt the systes procescor
and supply a WRIT RFI, indicating it wants the VCR.

In the case of BEEP, a chort VCR car be sent to the board and
upor cospletion of the REEP the VPC will interrupt the systes
processor with an ADK RFI

This sasple routine cete the RFI to a software-defined "busy®
status so an external routine can poll the RFI to cee the
interrupt handler processing the interrupt and detersine when
the function is complete

n
~
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COMPRESSED SPEECH DATA FORMAT

RECORD FRAMING

The compressed speech data supplied by the speech board 1is
provided as a continuous stream of data with an internal
format comprised of speech RECORDS. Each record consists of
256 bytes of which the first two bytes contain the length of
the record and the last byte contains a checksum character.
The record length is the length of the entire record includ-
ing the two length bytes and the checksum byte. The checksum
byte is the two”s complement of a data sum arrived at by
adding together each of the remaining 253 bytes of the data
into an eight bit sum with carry wrap-around. The exact count
of 256 bytes is not a necessary constant. It is only a re-
quirement that the record conform to a length indicated by
the count, that the count not exceed 512 and that the check-
sum be provided for the data content.

DATA FRAMING

The data removed from the three framing bytes described above
can be regarded as a continuous stream of data with addition-
al framing of time significance embedded within it. This
framing is recognizable in the form of two unique byte val-
ues, FEh (Hex) and FDh (Hex).

The FEh byte is a SYNC byte used to recover synchronization
if the data stream is corrupted by errors. The FDh byte is a
SILENCE accumulation flag byte which allows a very compact
representation of silence at synchronization boundaries.

This split between silence and sync formats has an exception.
If the timeout value (ending timeout) is set to zero (infi-
nite timeout value) then silence is never accumulated along
with the FDh silence flag. The observed data pattern for all
silence in this unique case is alternating sync bytes and all
zeros bytes. This OOh FEh pattern represent seven frames of
silence at a bit level representation, a padding bit and a
sync byte.

The interval between two sync bytes when a silence flag is
not found will be 126 milliseconds which corresponds to seven
audio intervals of 18 milliseconds each. When an FDh silence
flag is found to precede a sync flag with either one or three
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intervening bytes the time wvalue of the indicated accumulated
silence can be calculated as follows. If there were less than
16 accumulated silent intervals then there will be a single
byte between the silent flag and the sync flag in the form
8Xh where "X" is the count of the number of eighteen (18)
millisecond intervals of silence. If there are three bytes
between the silence flag and the sync flag then the first of
these bytes will be 80h and the remaining two bytes will be a
16 bit count of the number of silent frames represented by
this sequence.

EDITING OPERATIONS

System software may edit the speech data as long as the
resultant edited data be consistent with the requirements of
both the record framing and the synchronization framing as
described above. The data may not be edited other than at
synchronization of the identifiable silence accumulation
boundaries. Silence accumulation may be changed according to
the silence accumulation format rules described above to
reduce the pauses often found in speech. "Pause”,"rewind”
and "fast forward” functions can be accomplished by starting
playback at a synchronization boundary. If edited speech is
spliced together at sync boundaries there will likely be an
audible discontinuity at the boundary. If the splice is made
at a silence accumulation there should be no noticeable
effect.

If the contents of data is changed within the basic record
framing, the checksum and possibly the record length must be
recalculated by software to assure correct playback.

I1f editing silence accumulation to reduce silence and speed
playback, the software must take care not to convert an 8Xh
byte to an 80h byte as can be seen from the accumulated
silence format description.

If implementing a fast forward or rewind function, the soft-
ware can calculated the position in a speech file with about
1/8th second resolution by identifying the sync and accumu-
lated silence flags.
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