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1. Introduction

The V SI-S specification is the software counterpart of the VSI-H specification [Reference 1],
which specifies the standardized hardware interfaces of aVLBI Data Transmission System
(DTS). Systems adhering to both the VSI-H and V SI-S specifications should be interchangeable
with minimal effort at both data-acquisition and data-processing sites.

2. Intent of the VSI-S Specification

The goal of VSI-Sisto specify arobust, reliable communications protocol to control a V SI-H-
compliant DTS. Inthisregard, VSI-S must address four issues:

1. Specify acommunications structure and protocol.
2. Specify a generalized command and response syntax model to be used by the DTS.

3. Specify a base set of commands to configure and operate a generic DTS adhering to
VSI-H specification.

4. Specify, as necessary, client/server relationships to be defined between the DTS and the
controlling agent.

The base set of VSI-S commands is intended to address only those functions of a DTS which are
common to all VSI-H DTS's. It isrecognized that there may be some necessary modifications
and/or additions to V SI-S commands and command sets to support specific DTS's of varying
technologies.

3. Functional Description of Minimal VSI-S Command Set

Following is asimple list of the functional capabilities required to operate aVSl-H compliant
system.

3.1 DIM Functions
Following is a descriptive list of the functions required to operate a DIM
Select sync (1PPS or ALT1PPS)
Specify CLOCK frequency and sample frequency
Set DOT clock (or allow setting from PDATA)
Set bit-stream mask
Use/ignore PVALID
Position media
TVR configuration; report TVR statistics
Start/stop receive (record)



3.2 DOM Functions
Following is a descriptive list of the functions required to operate a DOM
Specify RCLOCK frequency
Set ROT clock and speed-up factor
Specify crossbar setup
Set Delay
TVG on/off
Position media
Start/stop transmit (playback)
3.3 P/IQDATA Functions

The VSI-H specification includes PIQDATA signals as a generalized method of quasi-realtime
transmission of information into the DIM and from the DOM. Some uses of PIQDATA are
suggested, but not mandated, by VSI-H. However, it is perhaps useful to specify PIQDATA
formats for some of the commonly expected uses. In particular, the following:

Time transfer

One of the most useful applications of PPQDATA isto transfer data-time during a data-copy
operation between heterogeneous DTS's. In particular, the source DOM may utilize its QDATA
output to transmit high-level data-time information to set the DOT clock in the receiving DIM.
In this way, any data-time discontinuities within a data volume may be automatically recognized
and properly processed.

General information transfer

For DTS swhich can pass PDATA information through to the DOM, general information such
as recording mode, station, source, etc may be useful for bookkeeping or perhaps to automate
processing.

4. Communications M odel
The V SI-S communications model specifies two communicating entities:

1. The DTS system itself, which supports 2-way communications through its Control
interface. For purposes of this discussion, the DTS acts as server.

2. The Controller, which supports 2-way communication with the DTS Control interface.
For purposes of this discussion, the Controller acts as a client.

The communications protocol can be specified, at the user’s option, to be either half-duplex or
full-duplex.

5. Packet Structure and Communications Protocol

V SI-S specifies a general communications syntax which is adhered to by V SI-S commands and
which is mandated as a framework for DAS and DTS control and command outside of the VSI-S
specification.



5.1 Packet Srructure
Each communication to/from the DTS is an elementary packet of the form:

where

<SOH><command/response><S><C><EOT>

<SOH> is Start of Heading character, ASCII char 0x01
<command/response> is a command (or query) from the Controller or a response from the

DTS

<S> isa‘sequence code represented by a single ASCII character in the range 0x20 to Ox7D.

The Controller maintains a command sequence number, which is incremented by one

for each new command, then calculates <S> as ((sequence number % Ox5E) + 0x20),
where % is the modulo operator. Each DTS response contains the sequence code of the
command to which it is responding.

<C> isan checksum code represented by a single ASCII character in the range 0x20 to 0x7D,

computed as ((sum % Ox5E) + 0x20), where ‘sum’ isthe sum of all ASCII-character
values in the packet following <SOH> and preceding <C>.

<EOT> is End of Transmission character, ASCI| char 0x04

All charactersin the packet except <SOH> and <EOT> are defined to be normal printable ASCII
characters.

5.2 Half-Duplex Communications Protocol

The following rules apply for the case of a half-duplex communications link between the DTS
and the Controller:

1

The Controller increments the command sequence number by one (and recomputes <S>)
for each non-repeated command.

The DTS must respond to every recognized <EOT> character within 0.5 second. In
particular:

a. If therecognized <EOT> terminates an ‘intact’ packet (a complete packet as defined
above, including proper checksum), the DTS responds with an appropriate packet
including <S> of the triggering packet.

b. If arecognized <EOT> does not terminate an ‘intact’ packet, the DTS responds with
a‘checksum error’ response (see below).

The DTS will not transmit any packet except in response to arecognized <EOT> (unless
special exemptions apply — See Section 5.3).

4. The DTS will transmit one, and only one, packet in response to arecognized <EOT>

5. After atime-out period of 0.5 second, the Controller may repeat a command, which must

use the same value of <S> as the original command. The DTS responds to a repeated
command exactly the same as the original command.

A maximum of 2 re-triesis allowed for afailed command, after which the system s
declared failed. Some time-sensitive commands, such as those that set clocks within the



DIM and DOM, cannot be re-issued, but must be sent with an updated time (which
implies an updated <S> as well).

Comments:

1

Note that, in this model, all commands are from the Controller, while all responses are
fromthe DTS.

Note that, for purposes of this document, each ‘message’, ‘command’ or ‘response’ is
contained in a single packet.

If the Controller receives no response to a command within 0.5 second, it may assume the
DTS has not properly received the packet and may initiate a resend with the same <S>.

The 0.5 second timeout rule is extended to one second for commands which set the DOT
clock and the ROT clock since a normal response may be up to one second.

No DTS timeout is required — a corrupt or missing command <EOT> will hang the DTS,
the Controller will timeout and repeat its message, and the new <SOH> will effectively
delete the old packet.

A corrupt or missing response <EOT> will cause the controller to time-out and repeat its
command, but the DTS will see the repeated <S> and simply repest its previous response.

Errant <EOT>’swill cause a single checksum-error response:

a. Anerrant command <EOT> recognized by the DTS will trigger a checksum-error
response fromthe DTS. The DTS will ignore all remaining text while it scans for a
new <SOH>.

b. An errant response <EOT> recognized by the Controller will cause the Controller to
ignore the response and commence searching for a new response <SOH>. Normally,
in this situation, the DTS will time-out and repeat the command.

In the case of a Controller timeout, it cannot be clear whether the DTS improperly
received the command or whether the Controller improperly received aDTS response. In
either case, the proper response is for the Controller to repeat the command.

Specia care must taken to avoid commands (especially status requests) which cause
status conditions to cleared or quantities to be incremented/decremented within the DTS.
Such a condition could cause the response to a repeated command to differ from the
original response, resulting in possible confusion.

5.3 Option for Full-Duplex Communications Protocol

The communications protocol defined in Section 5.2 is specifically designed to be compatible
with a half-duplex communications system, such that every message from the DTS is solicited

by arecognized <EOT> character. If, however, the Controller supports full-duplex
communications, the rule prohibiting the DTS from responding to any circumstance other than a
recognized <EOT> may be optionaly lifted to alow the DTS to transmit unsolicited messages at
any time. All other aspects of the communications protocol are identical to the half-duplex case.
A full discussion of the handling unsolicited messages is found in Section 6.3.



6. Command, Query and Response Syntax
6.1 Command and Command-Response Syntax
Commands are of the form

<keyword> = <field> : <field>: ....;

where <keyword> isa VSI-S command keyword. The number of fields may either be fixed or
indefinite; fields are separated by colons and terminated with a semi-colon. A field may be of
type decimal integer, decimal real, integer hex, character, literal ASCII or a special ‘time’ code.
White space between tokens in the command line isignored.

Each command recognized by the DTS will elicit a response, within 0.5 second, of the form

where
<return code> is a 2-character ASCI| code ‘ab’ asfollows:

b="0" - command not implemented or not relevant to thisDTS
b="1"- action successfully initiated, but not completed (‘ delayed completion’)
b="2" - action successfully completed
b="3". - checksum error
b="4" - syntax or parameter error
b="5" - ‘soft’ (non-catastrophic) error encountered
b='6"- ‘hard’ (catastrophic) error encountered
a="0"- DTS has no unsolicited messages waiting

a="1"- DTS has one or more unsolicited messages waiting (relevant only in a half-duplex
communications system)

<DTS-specific return> consists of one or more fields specific to the particular DTS, which
may be of any type, and should be more informative about the details of the action or

efror.

‘Delayed completion’ commands are defined as those commands requiring more than 0.5 second
to complete. For these commands, an immediate response is triggered with aV SI-S return code
1. The Controller may follow up with subsequent identical commands carrying the same value
of <S> asthe original command; the DTS will continue to issue responses of return code 1 until
the action is completed, when the return code will change to 2 to indicate successful completion
of the requested action. Additionally, the completion of a delayed-completion command will be
signaled by a="1" in the return code of any response; the delayed-completion response may then
be elicited with a special status request (see Section 6.3); in this case, the response will be
identical in either case.

The repetition of the keyword in the response is an acknowledged redundancy (since the value of
<S> establishes cause and effect), but isincluded for readability of log files which may be kept
of Controller/DTS communications.



For user convenience, some commands are ‘informational’ and are intended for purposes of
internal DTS logging only. Some of these ‘informational’ commands may aso optionally cause
the relevant information to be passed through to the QDATA output of the DOM.

6.2 Query and Query-Response Syntax
Queries are of the form
<keyword>?,
with aresponse of the form
I<keyword> ? <field> : <field>: ....;
Notes:

1. Queries are normally used to establish to the current status of some parameter(s) and have no
effect on DTS actions.

2. Specia care must taken to avoid queries which cause status conditionsto cleared or
quantities to be incremented/decremented withinthe DTS. Such a condition could cause the
response to arepeated query to differ from the original response, resulting in possible
confusion.

6.3 Special Satus Query and Unsolicited Messages
‘Unsolicited’ messages, as defined in Section 5.3, are of two general types:
Typel. Multiple responsesto asingle command — of two varieties:

a. Response from the DTS indicating the completion of execution of a ‘delayed-
completion’ command.

b. Reguested periodic response, such as a periodic tvr status report.
Type2. Messages not in response to a command — of two varieties:

a. Self-generated error or status messages fromthe DTS.
b. Echo of commands received through PDATA or issued through QDATA lines.

In order to receive these ‘unsolicited’ messages (see Section 5.3) from the DTS in a half-duplex
system, a special status query is defined. The existence of such a pending message(s) will be
made known to the Controller by setting the return code character a="1" in anormal response.
The Controller may, at that time or any time, issue a special status query of the form:

status?,
The response to the special status request is according to the following rules:
1. If there are no ‘unsolicited” messages pending, the DTS response is, by default
Istatus?,
2. Type 1 message pending: The norma command response is transmitted.

Type 1 messages are, in fact, actually normal responses to norma commands, but are
unsolicited by our definition. These responses will have the same format as the normal
command response, including the same <S> as the originating command.



3. Type 2 message pending: Type 2 messages are truly unsolicited and are not in response
to any command. They are, however, required to conform to the normal V SI-S packet
specification, except that all are assigned the same special sequence character <S>=0x7E
(*~") in order to distinguish them.

Type 2a messages are in the format
Istatus? <status code> : <DTS-specific field>

Type 2b messages are norma command messages that have been received via PDATA or
transmitted via QDATA and are being echoed to the Controller. They must al have the
special value of <S>=0x7E.

Notes:

1. The‘delayed-completion’ response can also be elicited by repeating the original
‘delayed-completion’ command.

2. The specia status query may, of course, be issued at any time.
3. The specia status query is not useful in full-duplex systems.
6.4 ‘Operational’ vs‘Informational’ Commands

Most commands cause the DTS to take some kind of action; these commands are called
‘operational’ commands.

A second class of commands, which only convey information to the DTS and which have been
specified only for user convenience, are classed as ‘informational’ commands. These commands
are used to specify useful VLBI observing parameters such as station name, source, recording
mode names, media D, user comments, etc. This information may be of particular utility when
used in conjunction with the PDATA/QDATA facilities of the DTS or with internal logging
withinthe DTS.

By convention, keywords corresponding to informational commands begin with an asterisk (**’)
character.

7. Keyword and Field Rules

7.1 Keyword Rules

Keywords are constructed according to the following rules:
1. Lengthislimited to 16 characters.

2. Any standard printable ASCII character in the range 0x?? to 0x?? except white space and
any of the 7 characters *’=:;!? (including the single-quotes) may be used. Caseis
significant.

7.2 Field Rules
Each field in a command or return statement may be one of the following six types:

Integer — a simple positive, negative or zero decimal integer (examples. ‘12’, *-25’; of
course, No quotes in actual usage).

Real — number with a decimal point and/or possible exponent (examples: ‘1.12’, *-2.23e-6")



Hex —in standard ‘C’ format (example: ‘ Ox4a32dc09’)
Character — prescribed character string (examples: ‘on’, "off’)

Literal ASCII — arbitrary ASCII string enclosed with single quotes (example: ‘Thisisa
string’; in this case, the quotes would be included). Quote characters themselves are
not allowed within a literal ASCII string. Similarly, non-printing characters are not
allowed within aliteral ASCII string.

Time — following the vex format, time will be specified as*..y..d..h..m..s', where the ..’
fields represent year, day-of-year, hour, minute and second, respectively. Leading
zeroes may be dropped. Examples. ‘2000y212d19h03m’, 2003y91d9h23m13s'.
VS -Stime information never has a time resolution smaller than one second, so
fractional seconds should never be specified in any VS -Stime field.

The following rules apply to character fields (same as keywords):
1. Lengthislimited to 16 characters.

2. Any standard printable ASCII character except white space and any of the 7 characters
’=:;1? (including the single-quotes) may be used. Case is significant

8. PIQDATA Usage
8.1 PDATA

The PDATA serial-dataline into the DIM may be used to transmit commands to the DIM, either
of the ‘operationa’ or ‘informational’ variety (see Section 6.4). The following rules apply to
PDATA:

1. Theformat of PDATA data must conform to the V SI-S packet specification, with an
exclusive fixed value of <S>=0x7E.

2. Only standard V SI-S commands are recognized.

3. Since PDATA is aone-way communication channel, there will never be aresponse to the
PDATA source.

At the user’s option, commands transmitted over PDATA may either be accepted or ignored by
the DIM; operational and informational commands may be specified separately in this regard.
The ‘DOT_set’ command has a specia option that allows the DOT clock in the DIM to be set by
a‘DOT_set’ command received via PDATA; this option is particularly useful for media copying.
The user may also request that accepted PDATA commands be echoed (as unsolicited messages)
to the Controller, along with the DTS responses to these commands which the DTS would have
sent back to the PDATA source had that been possible.

8.2 QDATA

The QDATA seriad-data line from the DOM may be used to transmit commands to a data-
processing system, or to aDIM of another DTS for media-copying purposes or data-transmission
purposes. The following rules apply to QDATA:

1. Theformat of QDATA data must conform to the VSI-S packet specification, with an
exclusive fixed value of <S>=0x7E.

2. Only standard V SI-S commands may be sent via QDATA.



Since QDATA is aone-way communication channel, there will never be a response from the
QDATA target.

At the user’ s option, media-embedded PDATA informational commands may be passed through
to QDATA; no operational commands are allowed to be passed to QDATA in this manner.
Additionally, informational commands from the Controller may be passed through to QDATA
(with <S> suitably modified). A special option causes QDATA to issuea‘DOT_set’ command
immediately following each ROT1PPS tick, where the timein the ‘DOT_set’ command has been
properly adjusted (one second added) in order to properly set aDOT clock in areceiving DIM or
other device; this option is particularly useful for media copying. And, finaly, the user may
regquest an echo to the Controller of all commands sent via QDATA.

9. Client/Server Relationships
9.1 RS-232 Control

As stated in the VSI-H specification, the DTS is configured as a DCE device. TheDTS
controlling device will therefore act asa DTE device.

9.2 Ethernet Control

Under Ethernet control, the DTS will act as a server in the server/client relationship with the
controlling device. The protocol used in the connection will be TCP/IP (preferred) or UDP. A
registered standard port number xxxxx has been assigned to VSI-S.
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