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1 Overview

1.1 PUCK Description

Many instruments are designed to interact with a host computer through a serial interface. Various interactions are possible; the host may provide a user interface for the instrument, may log the instrument's data, or may distribute the data to a wider network.  In order to perform these functions, the host requires information about the instrument, including serial port configuration, knowledge of commands recognized by the instrument, and metadata which describes the instrument and the science data it produces.  Most instruments do not themselves supply all of this information automatically, but instead require that the host be configured beforehand. Part of the configuration process generally involves installation of driver software on the host, which actually handles interaction with the instrument.  Configuration usually requires several steps, and can be a time-consuming, tedious, and hence error-prone process.

I believe that most of the errors that occur in the configuration process occur upstream, and many can’t be addressed by the puck/protocol per se. Maybe it should be stated which problems the puck/protocol specifically and directly addresses.

The PUCK (Programmable Underwater Connector, with Knowledge) addresses this issue by enabling automatic system configuration when the instrument is plugged into the host. The PUCK is a small device that provides persistent storage of instrument configuration information, and interfaces that allow the information to be retrieved by a host. The PUCK is permanently attached to the serial interface of an instrument, and configuration information can be written to the PUCK before the instrument is deployed. During deployment, when the instrument and its PUCK are plugged into the host, the host can retrieve and utilize the information from the PUCK. The PUCK can even contain driver code, which is retrieved and executed by the host.

The PUCK consists of a low power microprocessor, nonvolatile memory, and a switch for serial communications. Once the instrument information has been retrieved from PUCK memory, the PUCK can switch the serial interface to the attached instrument, allowing the host to communicate directly with that instrument. The PUCK interface design is quite simple; some instruments may themselves be designed to implement PUCK functionality, thereby eliminating the need for a separate piece of hardware.

This description pertains to puck hardware and is self described as a connector.  Is that 

intentional, or is a protocol spec needed?
1.2 Terms and Definitions
1.2.1 PUCK – programmable under water connector with knowledge
1.2.1+ PUCK standard – defines how information is stored and retrieved from a PUCK; includes command set and protocol, and stored information formats
1.2.2 host platform – a controller and required infrastructure capable of communicating with serial instruments

1.2.3 Instrument – a data-gathering device that may be composed of one or more sensors sharing a serial interface

1.2.4 PUCK mode – the state that the PUCK is in when all serial request are processed by the PUCK

1.2.5 Instrument mode – the state the PUCK is in when all serial requests are sent directly to the attached instrument

1.2.7 Metadata – Information about the data, that puts the data into useful context. A description of the an instrument and its data format are examples of metadata. 
1.2.8 Plug-and-work – Automated integration of an instrument into an observing system when the instrument is physically plugged into the system. 
1.2.9 Puck header – Information that is required to be present in every puck; the puck header has a standard format defined by the puck protocol
1.2.10 Puck payload – Optional information that can be stored in a puck; the payload format not defined by the puck protocol, but can be defined by individual observing systems.
1.3 Document Conventions

The following are conventions that are used through out this document.

1.3.1 Serial input/output is displayed in the courier font, for example

GB<CR>

19200<CR>RDY<CR>

1.3.2 The notation <CR> and <LF> are used to denote carriage return and linefeed respectively.

1.3.3 The notation [0,255] is used to denote a parameter range (e.g. 0 ( parameter ( 255)

2 PUCK Requirements

There seems to be a mixture of functional and design requirements; should probably be separated. 
Also, might be useful to divide requirements along hardware and software/protocol lines too.
2.1 The PUCK shall store information in the persistent storage in a flat binary format.

2.2 The PUCK protocol shall allow the amount of persistent storage on the puck device to be scaled to the needs of the application.

2.3 The information (i.e. I.D., metadata, etc.) will be writable to the PUCK persistent storage via the PUCK serial interface.

2.4 The PUCK shall be ready to process commands from the host platform within 500 milliseconds of power up.

2.5 The PUCK shall require a power-off time of no more than 5 seconds before power is cycled .

 2.4 and 2.5 seem like design requirements…what are the functional requirements driving these?

2.6 The PUCK shall be able to connect the host serial lines directly to the attached instrument once the information is retrieved from the PUCK.

2.7 The PUCK shall support a RS-232 serial interface and RS485? RS422? Ethernet?
2.7.1 The puck shall support the following handshaking lines…

2.8 The PUCK shall configure its serial interface to 9600 baud, 8 data bits, no parity, and 1 stop bit upon power up.
2.8.1 The PUCK mode baud rate shall/shall not be user selectable

2.8 appears twice
2.8 The PUCK shall operate within the same environmental range as the attached instrument

2.9 The PUCK shall operate with in the voltage range provided by the host platform

2.10 Minimum amount of memory for metadata and header information shall be…

2.11 The puck shall/shall not support galvanic/electrical isolation 
2.12 In PUCK mode, the power and communication lines to the instrument shall not be isolated
Comment: I’ve never been totally comfortable with the puck “power dance”; although I know the reasons why it’s done, it still seems too disruptive to me to have to disturb instrument sampling to get at the metadata. The RoadNET/LOOKING guys seemed to find it confusing. I’d be interested in their take on it.
Question: for integrated and Ethernet pucks, is the power dance necessary? How does this alter the requirements? If the power dance can be eliminated in integrated/Ethernet pucks, could it not be eliminated by good puck command naming to avoid namespace collisions?
2.13 There should probably be some requirement(s) relating to how the contents are written and read (all at once? By logical parts? Should there be requirements about incrementally writing/erasing puck contents?)
2.14 are there any requirements with respect to being able to verify that the contents are correct
2.15 is there a way to daisy chain commands (e.g. WM 10 0123456789 FL)?

3 PUCK Protocol

3.1 PUCK Serial Interface

The PUCK serial interface uses a simple command response protocol.  The PUCK will interpret a group of ASCII characters terminated by a <CR> as a command.  When a command is issued the PUCK will attempt to execute that command.  Upon successful execution the PUCK will return the characters

RDY<CR>

This indicates that the PUCK is ready for the next command.  If the PUCK is unable to execute the command successfully it will issue the characters

ERR ####<CR>

RDY<CR>

Where the ‘####’ is a four digit base ten error code in the range [1,9999].  If the command is a request for information then the command will return the information requested followed by the characters

RDY<CR>

In all cases the PUCK will terminate a transaction with the characters

RDY<CR>

at which point it is ready for another command to be issued.

3.2 PUCK Discovery and Command Processing

When the PUCK is powered on it shall enter PUCK mode in no more than 500 milliseconds at which point it will be ready to process commands from the host platform.  The PUCK shall always configure its serial interface to 9600 baud, 8 data bits, no parity, and 1 stop bit upon power up.  This allows the host platform to contact the PUCK with a known protocol and serial configuration for the discovery process.  After the initial discovery the host platform can negotiate a new baud rate with the PUCK using the PUCK protocol. 

While the PUCK is in PUCK mode all serial commands sent to the PUCK/Instrument will be intercepted and processed by the PUCK; during this stage, the host platform can retrieve information from the puck, using the puck command protocol.      Following retrieval of information from the puck, the host can issue a command to put the puck into sensor mode. When the PUCK enters sensor  mode the host platform can communicate directly with the instrument.  See Figure 1 for an illustration of PUCK discovery and command processing.

[image: image1.emf]
3.3 PUCK Command Set

	Command
	Description

	RM
	Read from PUCK memory

	WM
	Write to PUCK memory

	FL
	End PUCK write session

	ER
	Erase PUCK memory

	GA
	Get address of PUCK internal memory pointer

	SA
	Set address of PUCK internal memory pointer

	SZ
	Get the size of the PUCK memory

	SM
	Put PUCK into instrument mode

	SB
	Set PUCK baud rate

	VB
	Verify baud rate support

	VR
	Get PUCK firmware version string


3.3.1 RM – Read from PUCK memory

Description

The RM command is used to read bytes from the PUCK memory.  The command shall accept an ASCII parameter from 0 to 1024 specifying the number of bytes requested.  The read memory command shall respond with the ASCII character ‘[‘ followed by the number of bytes requested starting at the byte pointed to by the memory address pointer (see commands SA and GA for memory address pointer details).  If the memory pointer reaches the end of PUCK memory it shall rollover to address 0 and continue returning bytes until the number of bytes requested has been sent.  When the final byte has been sent the PUCK shall append the byte packet with the ASCII character ‘]’ and the RDY<CR> terminator.

What requirement drives the max read block size? Why is it not larger or smaller?

Errors

ERR 0020 – the number of bytes requested is out of range.

Example

PUCK RX: RM 10<CR>

PUCK TX:            [0123456789]RDY<CR>

PUCK RX:

PUCK TX:

3.3.2 WM – Write to PUCK memory

Description

The WM command is used to write bytes to the PUCK memory.  The command shall accept an ASCII parameter from 0 to 32 specifying the number of bytes to be written to PUCK memory.  After the WM command and parameter have been entered the PUCK shall accept the number of bytes requested for storage to PUCK memory.  The bytes shall be stored starting at the address pointed to by the memory pointer (see commands SA and GA for memory pointer details).  The memory pointer shall be incremented appropriately for each successful WM command executed by the PUCK.  If the number bytes requested to write exceeds the PUCKS capacity based on the current address of the memory pointer then an ERR 0021 shall be returned.

 What requirement drives the write block size? Why is it not larger or smaller? Why does it include 0?
In the example, is the CR written to the device? What about other whitespace? Is the CR required? Will  differences between DOS/*NIX newline or java character encodings give unexpected results?
Errors

ERR 0020 – the number of bytes to be written is out of range.

ERR 0021 – address requested out of range.
Example

PUCK RX: WM 10<CR>0123456789

PUCK TX:                      RDY<CR>

PUCK RX:

PUCK TX:

3.3.3 FL – End PUCK write session

Description

The FL command is used to insure that any bytes buffered by the puck during a write session are stored to PUCK memory immediately.  A PUCK shall accept the FL command whether or not the particular PUCK implementation requires it.

 Will this occur if FL appears in data to be written?

Errors

Example

PUCK RX: FL<CR>

PUCK TX:          RDY<CR>

PUCK RX:

PUCK TX:

3.3.4 ER – Erase PUCK memory
Description

The ER command is used to erase the PUCK memory in its entirety.  The command shall put the memory in a state such that the WM command can be used to store bytes to PUCK memory.  Any write sessions to the PUCK should be proceeded by the ER command.  After the execution of the ER command the address of the PUCK memory pointer (see commands SA and GA for memory pointer details) will be 0.

Errors

Example

PUCK RX: ER<CR>

PUCK TX:         RDY<CR>

PUCK RX:

PUCK TX:

3.3.5 GA – Get address pointed to by the PUCK internal memory pointer
Description

The GA command is used to return the memory address pointed to by the PUCK’S internal memory pointer.  When the RM or WM command are used the PUCK reads or writes bytes starting at the address pointed to by the memory pointer.  For every byte that is read or written to the PUCK the memory pointer will be incremented by 1.

Errors

Example

PUCK RX: GA<CR>

PUCK TX:         1234<CR>RDY<CR>

PUCK RX:

PUCK TX:

3.3.6 SA – Set address pointed to by the PUCK internal memory pointer
Description

The SA command is used to set the memory address pointed to by the PUCK’S internal memory pointer.  When the RM or WM command are used the PUCK reads or writes bytes starting at the address pointed to by the memory pointer.  For every byte that is read or written to the PUCK the memory pointer will be incremented by 1.  If an attempt is made to set the memory pointer to an address outside of the PUCK memory range the PUCK shall indicate that an address range violation has occurred.

Errors

ERR 0021 – memory address out of range

Example

PUCK RX: SA 1234<CR>

PUCK TX:                <CR>RDY<CR>

PUCK RX:

PUCK TX:

3.3.7 SZ – Get the size of the PUCK memory
Description

The SZ command is used to determine the total number of bytes that may be stored in PUCK memory. SZ returns the total (used and unused) number of bytes. Maybe there should also be a command to return the size of the content only (or used/unused bytes).
Errors

Example

PUCK RX: SZ<CR>

PUCK TX:          1048576<CR>RDY<CR>

PUCK RX:

PUCK TX:

3.3.8 SM – Put PUCK into instrument mode

Description

The SM command is used to connect the serial lines to the attached instrument. Once in sensor mode, all serial traffic from the host is passed through the puck to the instrument, and all serial traffic from the instrument is passed to the host. 
Errors

Example

PUCK RX: SM<CR>

PUCK TX:

PUCK RX:

PUCK TX:

3.3.9 SB – Set PUCK baud rate
Description

The SB command is used to change the PUCK baud rate.  The SB command followed by an ASCII representation of a valid baud rate shall cause the PUCK change to the requested baud rate.  The PUCK shall return the RDY<CR> prompt at the newly requested baud rate if successful.  If the requested baud rate is not available then the puck shall return an error code indicating that the requested baud rate is invalid for this implementation of the PUCK.  The host can determine if a particular baud rate is valid with any implementation of the PUCK by using the VB command.
What are the valid baud rates?
Errors: Invalid baud rate
Example

PUCK RX: SB 19200<CR>

PUCK TX:                 RDY<CR>

PUCK RX:

PUCK TX:

3.3.10 VB – Verify baud rate support
Description

The VB command is used to verify a PUCK implementation supports a particular baud rate.  The VB command followed by an ASCII representation of a baud rate shall cause the PUCK to return YES<CR> or NO<CR> followed byte the RDY<CR> prompt.  

Errors: Invalid baud rate
Example

PUCK RX: VB 19200<CR>                    VB 31234<CR>

PUCK TX:                YES<CR>RDY<CR>                   NO<CR>RDY<CR>

PUCK RX:

PUCK TX:

3.3.11 VR – Get PUCK firmware version string
Description

The VR command is used to request a firmware implementation of the PUCK implementation.  When the VR command is issued the PUCK shall return a firmware version composed of no more than 128 ASCII characters.  The PUCK implementer may choose the content and format of the firmware version string.

Errors

Example

PUCK RX: VR<CR>

PUCK TX:           VER 1.42<CR>RDY<CR>

PUCK RX:

PUCK TX:

3.4 PUCK Error Codes

	Error Code
	Description

	0004
	No command match

	0010
	Invalid baud rate requested

	0020
	Bytes requested for read or write out of range

	0021
	Address requested out of range


4 PUCK Instrument Independent Interface

[image: image2.emf]The PUCK requires a subset of the standard RS-232 serial interface signals and power

	Signal 
	Description

	RX
	Serial port receive line

	TX
	Serial port transmit line

	power
	Instrument and puck power

	return
	Signal return


The puck implementation is shall operate within the voltage range of the attached instrument.  Figure 2 illustrates the PUCK electronics with respect to the host platform and instrument in a typical application.

The PUCK electronics may be implemented with isolated communications and power returns if an instrument requires it, but it is not necessary for the PUCK to work on a particular host platform.  The PUCK shall enter PUCK mode within 500 milliseconds of being powered up and shall enter instrument mode when the instrument mode command is issued or power is removed.  After power has been removed from the PUCK no more than 5 seconds of time will be required before power can be restored.  When power is restored the PUCK shall re-enter PUCK mode. 
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