OCC Streaming Data System

  
The OCC Streaming Data System (OSDS) is a set of LabVIEW tools for working with streaming or simple query-response data over serial, ethernet, and other buses.  The OSDS assumes that the streaming data is in the form of a string and that it needs to be converted to a one-dimensional array of numeric values.  OSDS consists of four main components, OSDS Drivers, OSDS Editor, OSDS Recorder, and OSDS Simulator , in addition to several other tools and example programs.  The OSDS Drivers are intended to be used inside LabVIEW programs for reading data from streaming sources.  The OSDS Editor is used to edit, view, and create the OSDS Format Files that define how the system deals with a given stream of data.  The OSDS Recorder can be used to capture a data stream and store it in a file that can then later be played back with the OSDS Simulator.


The OSDS was originally implemented to create a re-usable component for reading streaming navigational data from research aircraft by a variety of custom scientific instruments.  Often, these instruments would be deployed on different aircraft, and although each aircraft supplied a similar data stream, the format and interface specifications were always different.  OSDS abstracts these details into the OSDS Format File, so that the same software can read various data streams simply by substituting a different OSDS Format File definition.  However, once this functionality was implemented, it became clear that the OSDS could be used to interface to a wide array of data streams.  Originally, only streaming data was supported:  e.g. the data is continuously broadcast at a fixed rate, with no prompting required from the software that is reading the data.  However, basic query/response functionality has been added to enable the OSDS to read data from relatively simple instruments that do require a prompt.


OSDS is licensed under the Creative Commons Attribution-Share Alike 3.0 license (http://creativecommons.org/).  Derivative and commercial works incorporating OSDS are allowed, as long as any changes made are made available to the community at large.  Please submit improvements as well as new OSDS Format Files and OSDS Stream Files to support@originalcode.com

OSDS Format File


The OSDS Format File is used throughout the OSDS.  This format file defines how OSDS deals with a data stream.  It contains numerous parameters; which fall into four general categories, documentation, interface, parsing, and data.  These parameters are listed below in Table 1.  The documentation parameters are not used programmatically, but are available to assist the user in keeping track of how the format file is intended to be used.  The interface parameters define how the OSDS gets the streaming data from the hardware.  The parsing parameters define how the OSDS converts the string data to numeric values.


In addition to storing the format definition described above, a variation of the OSDS Format File, referred to as the OSDS Stream File, can be used to store both the OSDS Format definition as well as a time-stamped collection of data records recorded using that format.  These OSDS Stream Files are used by the OSDS Recorder and OSDS Simulator, but will generally not be used by programmatic implementations of the OSDS.  The final category of parameters, the data parameters, are used only with these OSDS Stream Files, and are used to define the streaming data stored in the OSDS Stream Files.


Within the OSDS Driver and the other programs in the OSDS system, the OSDS Read Write Format.vi sub-VI is used to read and write the OSDS Format definition from and to disk.  This sub-VI can easily be re-used by custom OSDS drivers as well.

Parameter
Notes
Category

Data Stream Name
optional
documentation

Version
optional
documentation

Author
optional
documentation

Reader Name

interface

Description
optional
documentation

Comments
optional
documentation

Date (date streaming data was acquired, or date the Format File was defined)
optional - automatically inserted by OSDS Recorder in Stream files
documentation/data

Start Time
automatically inserted by OSDS Recorder in Stream files
data

Location (can refer to the location where a Stream File was collected, or the location where a Format File is intended to be used)

documentation/data

Bus
currently supports: Serial Port, UDP, NTP, Local Time, UTC Time
interface

Characters per Record
used if there is no Termination Str
interface

Termination String (can be multiple characters) - used for NTP IP Address if NTP is selected for the Bus
used if Char/Rec is 0
interface

Format String
used only w/ OSDS General Parser
parsing

Channel Names
should have as many as the Number of Channels parameter
parsing

Frame Rate
can be used by Drivers to determine when to read data
interface

Number of Channels
should equal the total number of channels parsed, regardless of their Enabled status
parsing

Number of Records
indicates the size of Stream files
data

Channels Enabled
can be used by Drivers to return a selected subset of all the data
parsing

Port
used for Serial Port and UDP
interface

Baud Rate / NTP Retries
used for Serial Port and NTP
interface

Data Bits (valid values are 7 and 8)
used for Serial Port
interface

Parity (valid values are N, E, O, M, and S)
used for Serial Port
interface

Stop Bits (value values 1.0, 1.5, and 2.0)
used for Serial Port
interface

Flow Control (valid values are none, XON, RTS, X&R, DTR, X&D)
used for Serial Port
interface

Initialization String
used with Query/Response instruments to send a initialization command that is only transmitted once before data is acquired
interface

Query String
used with Query/Response instruments to send the Query command
interface

Reserved String
not yet used


Reserved Number
not yet used


Table 1.  Configuration parameters used in the OSDS system.

OSDS Drivers


The key functionality of the OSDS is contained in several different drivers.  The main driver distributed with the OSDS is the OSDS Driver.vi.  However, this VI can be the basis for customized drivers that can be used in specific applications.  The OSDS Driver.vi can often be used directly, but creating a customized driver can improve performance and reliability by ensuring proper operation with a specific device.


As can be seen from the parameters above, the OSDS is separated into two main tasks, acquiring string data and parsing that data into an array of numeric values.  (It is possible to use the OSDS only to acquire string data from a streaming source, for example if the data is not intended to be parsed into an array of numerics.  However, the documentation and tools are not optimized for that case.)  The OSDS Format specifies the Reader Name and the Parser Name.  For a custom driver, these parameters can be ignored and the reader and parser can be hard-coded into the driver.  However, the default OSDS Driver is very general, in that it can call any of the Readers and/or Parsers, and can thus be used in a wide variety of situations by merely changing the OSDS Format File.  This is accomplished by calling the Reader and Parser dynamically, thus these parameters must be spelled exactly as the Reader and Parser are spelled on the hard disk, and the Reader and Parser must be in the proper default directories.  (See OSDS Directory Structure below.)


The OSDS Driver is a single VI similar in structure to a Functional Global or Action Engine.  It has an enumerated input called OSDS Driver Action that determines what it does on each call.  The Actions available are No-Op, Initialize, Close, List Channels, and Read Channels.

No-Op

This action does nothing.  It can be used to query the driver without actually making any calls to the related hardware.  If the driver has already been initialized, then the OSDS Format cluster and the Channels array of channel names will be returned with their proper values.  If the driver is not initialized, the Channels array will be empty.

Initialize
This action reads the specified Config File and loads the OSDS Format definition into memory.  It also opens the communication port and populates the Channels array with the names of only those channels that have been enabled in the OSDS Format definition.  If any action greater than “Close” is called before the Initialize action is called, and if the Config File input is not empty, the driver will initialize itself automatically.  If the driver is initialized with no Config File specified, error 1038 is reported.

Close

This action closes the communications port and resets the driver to an uninitialized state.

List Channels
This action also does nothing.  It is intended to be used to retrieve the list of enabled channels.  The difference between using List Channels and using No-Op for this purpose is that List Channels will cause the driver to auto-initialized (if a Config File is specified in the proper input), whereas No-Op will not.

Read Channels
This is the primary action for the driver.  It uses the information from the OSDS Format to acquire one frame of data from the streaming data source.  This action dynamically calls the Reader specified in the OSDS Format.  The acquired string is then parsed into an array of numbers by the Parser specified in the OSDS Format.  Finally, the driver selects out those channels in the array for which the Enabled parameter is true. Note that this Enabled selection is implemented in the Driver, not in the Parser.  If custom drivers are created, they can choose whether or not to implement this filtering of channels.  If it is desired, the OSDS Select Channel Values.vi sub-VI can be re-used for this purpose.


The OSDS MI Driver is a variant of the OSDS Driver.  It is a LabVIEW Template VI, so that it can be multiply-instantiated, with each instance containing its own data space.  The OSDS MI Logger is an example of how the OSDS MI Driver can be used to acquire data from multiple streams at once.

OSDS Editor


The OSDS Editor is a program that can be used to directly edit the OSDS Format Files and OSDS Stream Files.  It can perform numerous functions, allowing one to easily create revised OSDS Formats based on existing Format or Stream files or to create completely new OSDS Format files.


The main OSDS Format or Stream file being edited is displayed on the left of the screen.  Its file name and path are displayed directly above the parameters.  Press the Open a File button to read a Format or Stream file into this section.  The parameters can be edited directly.  Pressing the Save File button then allows you to save the altered Format or Stream to a new file or to overwrite an existing file.  If you read a Stream file, the Stream data is displayed in the Data indicator in the middle.  This is mostly for informative purposes and is not generally used extensively.  Individual frames of the Stream data can be viewed in the Single Frame Data indicator below it, with the Data Frame control determining which frame is displayed.  Using the Single Frame Data indicator, once can extract a frame of streaming data from a OSDS Stream file for testing with other programs by highlighting the text and using CTRL-C to copy it to the Windows buffer.;


If an OSDS Stream file was read, then the Save Format (no data) button can be used to save a version of that file as a OSDS Format file.  The new file will contain the same Format parameters without any Stream data.


Depending on how a Stream file was acquired, the # or Records parameter may not accurately reflect how many data frames the file contains.  To correct this issue, read the Stream file into the OSDS Editor, then press the Calculate # of Records button.  This parameter will then be updated with the correct value.  (For long files, the parsing process may take several minutes.)  Typically, one will then use the Save File button to overwrite the corrected file in place of the existing file.


The right side of the screen can display an optional Reference file.  It is often useful to open an existing OSDS Format or Stream file as a reference in order to create a slightly modified OSDS Format file.  Press the Open a Ref. File button to load the format parameters from a Format or Stream file into this cluster.  Note that if a Stream file is read as a reference file, the data is ignored and only the Format is read in.  The name and path of the reference file are displayed directly above the parameters.


When a reference file has been loaded, the Copy Names and Copy “Enabled” buttons can be used to copy the lists of Channel Names and Enabled parameters from the reference format to the main format being edited.  Other parameters can be copied and pasted directly using CTRL-C and CRTL-P.

OSDS Readers


Within the OSDS system, the OSDS Readers are the components that acquire a string of data from a source.  The Reader must understand the hardware port and the software protocol being used.  The OSDS General Reader is a component that can read from any of the sources supported by the OSDS system:  serial, UPD,  NTP, and computer time.  (Other sources may be added in the future, such as TCP-IP, USB, GPIB, etc.).  The OSDS General Reader uses the Bus parameter to determine which bus is being used.  The port to that bus must be opened in the calling VI (e.g. the OSDS Driver) and converted to a variant.  The variant allows any port handle of various data types to be sent in and out of the sub-vis.  Using the Bus parameter, the OSDS General Reader converts the variant back to the relevant data type and reads a packet of data off the bus.  Timing is generally handled at the Driver level, but note that the Timeout input to the OSDS General Reader is wired into the UDP and NTP Read functions and is used within the Serial reading logic.


Although the OSDS General Reader will work for many devices, some devices have requirements that do not work well with this component and should have custom Readers developed for them.  As an example, the OSDS GPS Reader.vi is provided, which can read serial data from Garmin GPS's.  It is simplified compared to the OSDS General Reader in that it only supports the Serial bus, and it includes some specific logic for acquiring data from the Garmin units.


As mentioned above, the bus port should be opened and closed at the Driver level.  The OSDS Open Port.vi and OSDS Close Port.vi can be used for these purposes, as is demonstrated in the OSDS Driver.  Note that the Timeout input to the OSDS Open Port.vi is used only for the Serial bus to set the timeout for the VISA Configure Serial Port call.  Timeout settings and acquisition timing need to be considered carefully for each application and device being used.

OSDS Parsers


The Parsers take the string acquired by the OSDS Reader and parse it into a one-dimensional array of floating point values.  For many data streams, the OSDS General Parser can be used.  This parser uses standard LabVIEW format strings, as well as some custom format strings, to parse the data string.  When the OSDS General Parser is used, the :Format String parameter must contain the parsing code string.  Examples of these parsing codes can be found by examining several of the OSDS Format Files supplied with the OSDS system.  For example, the NTP.osds file uses the parsing format string “%s\s%d-%d-%d\s%d:%d:%d”.  This format strips off a leading string, then contains six integer values separated by various characters.


Although the LabVIEW parsing codes are very powerful, and they have been supplemented by additional parsing codes within the OSDS system, there are many instruments for which the data stream cannot be successfully parsed with the OSDS General Parser.  In this case, a custom parser must be written.  Several of these are already supplied with the OSDS system and can be used as examples.  Note that an OSDS parser should return all the defined channels.  It is in the driver level that the Enabled channels are selected out of the set of all channels returned.  The sub-vi OSDS Select Channel Values.vi can be used for this purpose.


Table 2 below lists the format specifiers that can be used by the OSDS system.

Format Specifier
Description

%s
arbitrary string, not converted to a numeric value, but ignored - the string being ignored must be followed by a a space, comma, or tab for the parser to find the next number

%s=
special case of %s - if the string being ignored is followed by an “=” rather than a space, comma, or tab, follow the %s specifier with an “=” as well

%d
integer of arbitrary length - the source string should have a space, comma, or tab after the number being parsed

%nd
n = 1,2,3...  integer of fixed length - the next number in the source string could start immediately after the n digits being parsed

%f
floating point number of arbitrary length - the source string should have a space, comma, or tab after the number being parsed

%nf
floating point number of specified length - see %nd above

%e  %x %o %b
scientific notation, hex, octal, and binary - see LabVIEW help for more information on these format specifiers

%t
relative time

%q
month string to number (note that January or Jan = 1)

%i
decodes ISO 8601 time stamp string into Year, Month, Day, Hour, Minute, and Seconds - this handles most of the variations allowed in the ISO 8601 standard.  The year string can be 2 or 4 characters long, but if it is two, the parser does not add or assume a century

%I
decodes ISO 8601 time strings as %i, but adds Time Stamp and Seconds Since Midnight before the other channels returned.  Time Stamp is in seconds since midnight January 1, 1904 UTC as with standard LabVIEW time stamps

%l
converts two consecutive numbers, either hours and minutes or degrees and minutes, into a single number of hours or degrees - useful for Latt./Long nav data

%L
converts three consecutive numbers - h m s or deg m s - into a single number of hours or degrees - note that for both %l and %L, the sign of the first number in the string is applied to both or all three numbers, e.g. nav data often supplies a negative sign to degrees but not to minutes or seconds

missing values
missing values in a comma delimited string are returned as NaN with no error reported

<>  ? ---
if <> or ? are found in a string, NaN is returned with no error reported

Table 2.  Format specifiers for the OSDS General Parser.

Example String
Format String
Output Data Array
Comments

ABC 13.5,12
%s %f,%f
13.5,12.0
The characters to be ignored by the %s format code should be followed by a space, comma, or tab.

ABC,13.5,12
%s,%f,%f
13.5,12.0


Temp=13.2 Y=12
%s=%f %s=%d
13.2,12.0
If a string is followed by an “=” with no space, follow the %s with an “=” in the format string.

45 30 20
%l %d
45.5,20.0
%l and %L work when the values are separated by comma's, spaces, or tabs.

-45,30,15,1.5
%L,%f
-45.5042,1.5
Note that %l and %L use the sign of the first value for both (or all three for %L) values.  This is for compatibility with Latitude and Longitude, where only the degrees have a negative sign.

12.5,,3.7
%f,%f,%f
12.5,NaN,3.7
Missing values in a comma-delimited string are interpreted as Nan, with no error.

12,---,24.5
%f,%f,%f
12.0,NaN,24.5


12 JAN 2007

%d %q %d
12,1,2007
Only the first three letters in a month name are parsed.  Capitalization does not matter. Months start with 1 (Jan=1, not 0).

5,June,2006
%f,%q,%f
5,6,2006







Table 3.  Parsing examples for the OSDS General Parser.


Note that the %l and %L format specifiers do not include the ability to recognize N, S, E, or W and correct the sign of the number accordingly.  These types of Latt/Long strings need to be parsed by a custom parser.  The OSDS WB57 Parser.vi is an example of a custom parser that decodes this type of string.

OSDS Examples


The OSDS Example program show how the OSDS system can be used to acquire streaming data.  When this program is running, press the Load Format button to read in an OSDS Format file, which will then be displayed in the Format cluster.  If you want to log the acquired data to a file, set the Record to Disk button True, at which point you will be prompted for a file name and location.  Press the Acquire button to then begin acquiring data.  As the data is being acquired, the data string being read will be displayed below the Format cluster, and the parsed data will be displayed on the right side of the window.


The OSDS MI Logger is another example of how to use the OSDS system.  This program uses the OSDS MI Driver, a version of the driver that can be multiply-instantiated, so that the same driver code can be opened multiple times to acquire data from several streams at once.  When this driver is run, it reads the file named “OSDS MI List.ini”, which contains the acquisition cycle time, a path for storing data, and a list of OSDS Format Files.  Each of the files thus specified is used to open an OSDS MI Driver instance, and the data from all these instances is logged to a file.


An example copy of the file OSDS MI List.ini is included in the OSDS system.  This file should contain the following items:

Parameter
Default
Description

[OSDS MI List]

section name

Cycle Time
1000
acquisition time in ms

Data Path
C:\OSDS Data
location for storing data being logged

Format 0
Local Computer Time.osds
OSDS Format Files - if no path is given, the program will look for these in the directory ...\OSDS\OSDS Format Files\

Format 1
UTC Computer TimeStamp.osds


Format ...



OSDS Recorder


The OSDS Recorder is used to save OSDS Stream files, which can be played back later using the OSDS Simulator and used as data sources for testing OSDS drivers, readers, and parsers.  To use the OSDS Recorder, the hardware-related parameters must be configured correctly, but no specific driver, parser, or reader needs to be developed for the data stream.  The data stream is captured as it arrives, and is logged to disk in time-stamped records in an OSDS Stream file.  The OSDS Simulator can later play back the Stream file for use in testing drivers, readers, and parsers that are being developed for that data stream.


When the OSDS Recorder is started, it displays an empty OSDS Format cluster and several buttons.  The Format can be edited directly, or the Load Format button can be used to read an OSDS Format file for a data stream that is similar to the one to be recorded.  After loading a Format file, the parameters should be further edited as necessary to properly document and configure the data stream being recorded.  Note that the Date and Start Time will be automatically updated when the recording starts and need not be entered manually.  Many of the Interface parameters must be properly configured to allow the program to read the data stream.  Bus, Port, Baud Rate and other serial port parameters (if the Bus is set to Serial Port) must all be correct.  However, Char/Record, Termination String, and Frame time need not be specified if they are not known.  The OSDS Recorder reads characters on the selected bus as they become available, so these parameters that relate to frame size and timing are not required.


Once the Format has been defined, press the Press to Record button to begin capturing the data stream.  The program will first prompt you for a file name for the captured data.  It is suggested that you store these files in the OSDS Stream Files subdirectory.  Once the program has started capturing data, the screen will switch to the data display mode.  On this screen will be displayed an array of the 20 most-recently-acquired data frames.  If the program encounters errors, they will also be displayed on this screen.  The file currently being written to will be displayed at the top of the window.  Press the Stop Recording button to finish capturing data and close the file.  Pressing the Return to Setup button will then allow you to return to the screen showing the OSDS Format, so that the Format can be further edited, new Format files can be loaded, etc.


The Load Stream File button can be used to read a previously acquired OSDS Stream file into memory and view the acquired data frames.  Note that when viewing an old file or capturing a new file, the Display Style control can be used to switch the display between Normal, Codes, and Hex displays.  Codes and Hex display modes can be useful for viewing non-printable characters that may be included in the data stream.  Refer to LabVIEW help files for more information on these display modes.


Once a data stream has been captured or a previously acquired stream has been read into the program, the View Data button can be used in the format display to move to the data display.


The Timeout control on the format display is used when opening the port and when reading data from the port.  It's exact usage depends on the bus being used and how LabVIEW handles acquisition from that bus.  For the OSDS Recorder program, it is generally advised that this Timeout be left at 1 ms.


When the OSDS Recorder is capturing data, the Max Frame Time control is visible.  This control determines the maximum time that will be considered a single data frame.  The OSDS Recorder works by continuously monitoring the bus for new data, using the above Timeout as a cycle time.  Thus it will look for new characters arriving every 1 ms, typically.  As characters arrive, it will append them into a single data frame as long as new characters continue to arrive.  When it detects an empty cycle, it will declare the accumulated string to be one data frame, time-stamp it, and save it to disk.  For example, assume the Bus was set to Serial Port, the Baud Rate was relatively low, the data stream contained a large amount of data (high duty cycle), and the Max Frame Time was set to 500ms.  If the time required to send one frame of data exceeds 500ms, then the OSDS Recorder will break that data up into two frames and save them separately to disk with their own time-stamps.  The OSDS Recorder thus attempts to package data into its proper frames, but it also attempts to record the data in a way that allows it to be played back by the OSDS Simulator in a way that most closely resembles how the data was originally detected.

OSDS Simulator


The OSDS Simulator is a program for playing back recorded OSDS Stream Files or for simulating data based solely on an OSDS Format.  This can be useful in debugging and testing Readers, Parsers, Drivers, and other OSDS components.  Note that the playback is not guaranteed to produce an exactly identical data stream as the original stream that was recorded, but in many cases it will provide an adequate reproduction.  The exact timing of the data in the stream may vary for a number of reasons.


Then the OSDS Simulator is run, one can Load an OSDS Stream File or Format File.  The OSDS Format stored in the Stream or Format file will then be displayed, and the data stream from a Stream file will be loaded into memory.  The Format parameters can then be adjusted as desired.  For example, a data stream that was recorded over a serial port connection can be played back over UDP by changing the relevant parameters.


Two modes of stream generation are possible with the OSDS Simulator:  Simulated and Play Back.  Play Back is used to reproduce data recorded in a Stream File.  For Play Back, many parameters are not used by the Simulator:  only the Interface and Data parameters are relevant.  The Simulator does not make use of a Reader or a Parser, but has its own routines for writing data to the selected bus.  For Simulating data, the Format String and many of the Parsing parameters are used.  The proper number of Channel Names must be defined, and those channels must be consistent with the Format String.  (When acquiring data, the Format String is used almost solely with the OSDS General Parser, though other custom parsers may make use of it as well.  If a data stream cannot be parsed correctly with the OSDS General Parser, it is probably not possible to create a Format String that will correctly generate a simulated data stream.)  When Simulate mode is used, the program compares the channel names to a list of simulatable channels.  If a close match is found, the data is simulated appropriately and then formatted according to the Format String.  The channels that can be simulated are:

Zero, Sec of Day, Second, Minute, Hour, Day of Year, Day, Year, Latitude, Longitude, Altitude, Nan, Count, Random, and One.  Channels that do not match any of the above channels are given a value of 0 during simulation.


If the Play Back mode is being used, there is an option to Continuously Loop the data, or Play Back Once.  Continuously Loop is useful when testing with relatively short OSDS  Stream Files.


Once the Simulate or Play Back buttons is pressed, the program displays a data array of recently broadcast data, with timestamps.  A Stop button allows you to return to the original screen to specify a new OSDS Format or Stream File or to adjust other parameters before trying again.

