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Preface

This document is one of a set of documents defining the Laser Traffic Control System (LTCS).  The context of this document is to define the observatory URL pointing data format, and to discuss subtleties of the operational concept surrounding how the pointing data is created, updated, and used.  This document serves as a dynamic pointing data URL development reference for LTCS software.  It is primarily written to software development teams.  The format of the dynamic pointing data includes specification of the keyword tokens, values, and their units, ranges, precision and dependencies.  Also included are some recommendations based upon the current state of URL implementation at Keck.  The hope is that other observatories can benefit from the Keck LTCS URL development experience, and that this experience will help reduce development time and promote consistent LTCS interfaces. 

Laser Traffic Control System (LTCS) software concepts have been defined in a variety of documentation.  Rather than reproduce documentation here, the reader is advised of the following resources, which serve as excellent reference material for LTCS concepts:

· Laser Traffic Control on Mauna Kea – Mauna Kea Laser Guide Star Technical Working Group Report – June 1997.

· Laser “Collision” Avoidance Software Definition – TBD date

· Minutes of the Mauna Kea Laser Guide Star Technical Working Group meetings    (1-11) December 11, 1996 – August 20, 1998.

· Mauna Kea Laser Guide Star Policy Statement

· Keck AO Note 141 – Mauna Kea Laser Guide Star Technical Working Group Report to the Mauna Kea Directors and Users – Peter Wizinowich, September 25, 1997.

· Laser Traffic Control System (LTCS) Software Design Book, v1.0, rel 1.0, Aug 3, 2001

· Implementation of a laser traffic control system supporting laser guide star adaptive optics on Mauna Kea, Douglas Summers et. al, 2003SPIE.4839..440S

Fundamental LTCS software requirements are driven by safety for aircraft & satellite operations, and prevention of interference between the projected laser beam and science observations at other observatories.   The heart of the LTCS software is beam collision avoidance software.  Beam collision avoidance software maintains a geometric model of summit telescopes and their pointing FOVs.  It processes dynamic updates to telescope and laser beam positions over time, then calculates and warns of impending “collisions”.  In addition, it prevents collisions by issuing laser shutter commands as needed.

A series of GUI displays allows operators to interact with the system.  Displays are currently implemented for LTCS configuration (used by each observatory at the beginning of the night to configure observatory specific LTCS parameters), LTCS status & alarms (for showing laser propagation state and collision details), a query display (for entering a specified RA,DEC combination and override info to locally override the states for non-pointing data such as FOV, laser impact status, laser state, pointing data logging, etc.).

To function, the LTCS requires dynamic pointing information from each telescope.  Observatory pointing data is placed into a URL and is subsequently accessed by a “collector” process (located at the site running the GA software) that monitors the data for changes.  Any changes are forwarded to a geometric analysis engine for calculation of collision predictions.  Each observatory creates a URL with updates for each target visited (whenever laser sensitive).  This document provides the specification of this dynamic pointing data interface between the observatories and the LTCS collector process.
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1 INTRODUCTION

1.1 LTCS URL Concepts

The LTCS software will incorporate a well-defined pointing data interface to each observatory via a URL file loosely patterned after FITS like messages.  The file contains a series of keyword tokens and value tuplets.  Each participating observatory will update their URL over the course of an evening as its telescope points to a new observing target.  The set of all pointing URLs will be read by LTCS “collection” software and passed into a “geometric analysis” model for calculation of any beam crossing conditions between operating lasers and non-laser telescopes.  The geometric analysis software will automatically shutter any laser prior to a collision and provide data to GUI displays accessible by each observatory.  

This document describes in detail the “front-end” LTCS functions related to creating and updating dynamic URL pages containing the dynamic pointing data.  In addition, this document serves as the interface specification for each field within the URL file.  

1.2 Operational Concepts

The operational concept for the LTCS is relatively simple.  Each telescope will be responsible for ensuring that their dynamic pointing data is updated whenever laser sensitive viewing operations are in progress.  The Telescope Control System (TCS) should be either directly or indirectly accessed for formulation of the pointing information keyword value pairs.  This information will be formatted and placed into a URL accessible via HTTP protocol.  The file will then be accessed on a configurable periodic interval and presented to the geometric analysis software.  The file should be located in a pre-coordinated place within a file system accessible to the LTCS software.  

The MK LGS TWG envisioned nightly operations that a telescope operator would perform in regards to the LTCS including bringing up LTCS display screens for initializing LTCS configuration (to set field of view and the laser-impacted viewing flag), and monitoring system status and alarm conditions during the night.  However, FOV is capable of being automated in most site configurations.  It is advisable for observatories to automate as much of the URL generation as possible to reduce requirements on telescope operators.  

The LTCS system actively sends laser shutter commands in event of eminent collisions (i.e. no direct operator intervention is required to prevent collisions), but operators may want to proactively monitor the system states during the evening for awareness of collision predictions.  

2 Telescope Pointing Information Specification

The dynamic pointing data file consists of a set of token “keywords” placed into a file.  All keywords are required to be in the file for the file to be considered valid.  Timestamp is included twice in each file (first and last entry) for synchronization and validation purposes.  The following paragraphs describe the file and each keyword in detail.

2.1   URL Keyword Summary

The following Keyword tokens have been defined to represent dynamic telescope pointing and state information:

TIMESTAMP1        
/ local time (time of URL update)

TELESCOPE          
/ telescope name

RA                      
/ telescope right ascension 

DEC                    
/ telescope declination

EQUINOX            
/ equinox and epoch of coordinates

FOV                        
/ diameter of field of view 

LASER_IMPACTED      / telescope is (or is not) laser sensitive

LASER_STATE          
/ telescope is/isn’t a laser, and if a laser, on or on-sky

LOG_DATA              
/ flag to enable (or disable) logging of telescope pointing data

TIMESTAMP2        
/ local time (time of URL update – 2nd occurance)

Keywords are used in ‘keyword=value’ pairs, where keyword represents the token used to identify the parameter, and value represents either a string or string representation of a numeric quantity.  Keywords are case sensitive (UPPERCASE), can have leading and trailing white space (ignored), and contain an equals character ‘=’ literal delimiter between the keyword token and value.  The value may also have leading and trailing (ignored) white space.  Each keyword = value pair should have a newline terminator (carriage return/line feed).  Unlike FITS format, no comments or other information should appear in the file.  An example URL file using the above format is as follows:

TIMESTAMP1 = 978285600

TELESCOPE = KECK1

RA  = 15.6906

DEC  = 10.0000
EQUINOX = 2000.0

FOV = 1.67777
LASER_IMPACTED  = NO    


LASER_STATE  = OFF        


LOG_DATA  = ON

TIMESTAMP2 = 978285600

The detailed descriptions for each keyword, their values (including representation, units, range, precision), and notes regarding usage within the LTCS, are provided in the subparagraphs below. 

Keyword Definition Details

2.1.1 TIMESTAMP1, TIMESTAMP2

Keyword: TIMESTAMP1, TIMESTAMP2

Meaning:  These are the timestamps indicating the time that the URL file update was written.

Value Representation:  String representation of double precision floating point number 

Value Units: SECONDS*
Value Range: 

Value Precision: long integer

Critical keyword dependencies:  EACH OTHER (value at top of file vs. value at bottom of file)

Non-critical relationships: none

Example:  TIMESTAMP1 = 9782856000          /* Midnight UTC, Jan 1, 2001 */

Example:  TIMESTAMP2 = 9782856000          /* Midnight UTC, Jan 1, 2001 */ 

Notes:  

· The timestamp1 and timestamp2 tokens are used as an indicator of the age of the data contained within the URL file.  The TIMESTAMP values are the number of seconds since 00:00:00 UTC Jan 1 1970.  

· The TIMESTAMP is monitored by the LTCS collector and used to calculate the age of the pointing data.  If the value of timestamp (as read by the collector during an update polling interval) is older than a configurable threshold value (set for a predetermined number of update intervals within the configuration file), then the data in the file will be considered “stale”.  Under this condition, the collector will produce an error message/alarm and discard the data.  The collector also sets the laser-impacted flag (described elsewhere in this spec) to “NO”.  The collector also sets the laser_state to OFF (only affects lasers).   This system override will remain in effect until the data becomes valid again, at which time the variables will be reset to their pre-stale values.
· Both keywords must appear in the file (TIMESTAMP1 at top, TIMESTAMP2 at the bottom).  All other keyword values must appear in the file between these TIMESTAMP keywords.  These instances form the synchronization method for the file.  The collector process will read the file, and ensure that the values for timestamp are the same.  If not, the data will be ignored and discarded (this condition is also logged).  In this way, the writer (observatory URL process), and reader (LTCS collector) can be ensured to have uncorrupted data. 

TELESCOPE

Keyword: Telescope

Meaning:  Telescope name.

Value Representation:  String

Value Units: NA

Value Range:  One of a set of telescope names defined below:

Value Precision: NA

Critical keyword dependencies:  LASER_IMPACTED

Non-critical keyword relationships:  DEC, EQUINOX

Example:  TELESCOPE = KECK1
Example2:  TELESCOPE = UH2.2M
Notes: 

· No leading or trailing, single or double quote characters should be put in the character string.  Only the actual letters for the name of the telescope should be included on the line.  The telescope name must correlate to the defined names used in the geometric analysis software configuration file.

· For the Mauna Kea configuration of telescopes, each telescope must use one of the following.  Any changes to this list need to be communicated to the LTCS geometric analysis development team (for change in the beam crossing configuration file). Currently, the choice of names has been selected as defined in the Mauna Kea Laser Guide Star Technical Working Group (MK LGS TWG) software definition document.  These include:

Telescope Names:

UH0.6M

UH2.2M

CFHT

IRTF

UKIRT

JCMT

CSO

KECK1

KECK2

SUBARU

GEMINI

RA

Keyword:  RA

Meaning:  Right Ascension.

Value Representation:  String representation of double precision floating point number

Value Units: Hours
Value Range: 0 <= value < 24

Value Precision: double (sub arc-second capable) 

Critical keyword dependencies:  LASER_IMPACTED

Non-critical keyword relationships:  DEC, EQUINOX

Example:  RA = 15.6906
Example:  RA = 19.6906

Notes:  

· Right Ascension as used in the context of the LTCS application is the telescope’s target right ascension in hours.  This value will be used by the geometric analysis method along with DEC, EQUINOX to calculate dynamic azimuth and elevation pointing angles over time.  

· This keyword is only used by the geometric analysis engine when the LASER_IMPACTED keyword is YES.  A ‘NO’ value for LASER_IMPACTED implies that the telescope is insensitive to laser operations, and thus the RA keyword value will be ignored.  Note that the RA keyword must be present in the file regardless of whether or not it will be used.  Failure to include the keyword in the file will result in an alarm from the LTCS collector function during data validation.

DEC
Keyword:  DEC

Meaning:  Declination.

Value Representation:  String representation of double precision floating point number

Value Units: Degrees
Value Range: -90 <= value <= 90

Value Precision: double (sub-second capable) 

Critical keyword dependencies:  LASER_IMPACTED
Non-critical relationships: RA, EQUINOX

Example:  DEC = 19.6906
Example:  DEC = -19.6906

Notes:  

· Declination as used in the context of the LTCS application is the telescope’s target pointing declination in degrees.  This value will be used by the geometric analysis method in combination with right ascension and equinox to calculate dynamic azimuth and elevation pointing angles over time.  

· This keyword is only used by the geometric analysis engine when the LASER_IMPACTED keyword is YES.  A ‘NO’ value for LASER_IMPACTED implies that the telescope is insensitive to laser operations, and thus the DEC keyword value will be ignored.  Note that the DEC keyword must be present in the file regardless of whether or not it will be used.  Failure to include the keyword in the file will result in an alarm from the LTCS collector function during data validation.

EQUINOX

Keyword:  EQUINOX

Meaning:  Equinox and epoch of coordinates.

Value Representation:  String representation of double precision floating point number

Value Units: Year

Value Range: 1900.0-current time.

Value Precision: constrained only by double
Critical keyword dependencies:  LASER_IMPACTED
Non-critical relationships: RA, DEC

Example:  EQUINOX = 1950.0
Example:  EQUINOX = 2001.09

Notes:  

· Equinox as used in the context of the LTCS application is the telescope’s coordinate precession reference equinox and epoch for RA and DEC.  This value will be used by the geometric analysis method in combination with RA and DEC to calculate current apparent azimuth and elevation pointing angles.  

· This keyword is only used by the geometric analysis engine when the LASER_IMPACTED keyword is YES.  A ‘NO’ value for LASER_IMPACTED implies that the telescope is insensitive to laser operations, and thus the EQUINOX keyword value will be ignored.  Note that the EQUINOX keyword must be present in the file regardless of whether or not it will be used.  Failure to include the keyword in the file will result in an alarm from the LTCS collector function during data validation.

· Equinox values less than 1984.0 are considered Besselian by default.  These values will undergo a conversion to Julian (FK4 to FK5) coordinate reference frame and subsequent precession to the current (observation) epoch.    

· Equinox values greater than 1984.0 are considered Julian by default, and will be precessed to the current (observation) epoch.

FOV

Keyword: FOV

Meaning:  Diameter of Telescope or Instrument field of view.

Value Representation:  String representation of double precision floating point number

Value Units: DEGREES
Value Range: 0< value <= 1.6667 (100 arc minutes *diameter*)

Value Precision: double

Critical keyword dependencies:  LASER_IMPACTED
Non-critical relationships: None

Example:  FOV = 1.6666
Example:  FOV = 0.0277777

Notes:  

· Field of view is used to create a conical beam from the origin of the telescope pointing axes to the target RA & DEC location in the sky.  This cone is used to calculate any crossings between the laser beam and the pointing cone.  It in essence defines the “keep-out” boundary between the laser beam (Rayleigh scatter and Sodium spot) and the telescope beam (with the science target somewhere within the cone).  

· FOV should be set with caution.  The FOV value should be set with sufficient size to ensure that the created cone covers the entire area sensitive to laser light backscatter.  The setting should address any off-axis guider sensitivity as well as science instrument sensitivity.  In addition, FOV should be sized to accomodate maximum ‘travel’ distance of the science target and guider within the circumscribed area created by any field rotation, and should cover telescope pointing errors and any intentional “pointing” noise inserted to ensure a safe cone margin for the collision prediction algorithm.

· This keyword is only used by the geometric analysis engine when the LASER_IMPACTED keyword is YES.  A ‘NO’ value for LASER_IMPACTED implies that the telescope is insensitive to laser operations, and thus the FOV keyword value will be ignored.  Note that the FOV keyword must be present in the file regardless of whether or not it will be used.  Failure to include the keyword in the file will result in an alarm from the LTCS collector function during data validation.

· This field will require knowledge of several telescope and instrument position values.  This may require some amount of extra development attention to drive correctly.   In the Keck implementation (for example), the FOV can’t be determined by the TCS or instrument keywords directly.  Rather, the wavefront sensor off-axis radius, instrument name and configuration, and the overall AO system limit the FOV value.  Because of this, a configuration table will need to be used by the Keck URL creation program to finalize the FOV value once the instrument name and configuration are determined.  Following this, the keyword value pair can be formatted and inserted into the file.

 LASER_IMPACTED

Keyword: LASER_IMPACTED

Meaning:  This keyword indicates whether or not the telescope is sensitive to laser operations.

Value Representation:  String

Value Units: NA

Value Range:  YES, NO  (UPPERCASE)

Value Precision: NA

Critical keyword dependencies:  none

Non-critical dependencies: None

Example:  LASER_IMPACTED = NO          /* Telescope is not sensitive to laser operations */

Example:  LASER_IMPACTED = YES         /* Telescope is sensitive to laser operations */

Notes: 

· The laser-impacted flag is one of the most critical parameters for the LTCS beam crossing algorithm.  It is the first parameter examined from a site’s dynamic pointing data.  When set to NO, the LTCS ignores the dynamic pointing data (as it relates to calculating beam crossing conditions).  When set to YES, the LTCS evaluates the remaining pointing data for calculating future crossing predictions.

· The laser-impacted flag should be set with care.  It represents the final ‘decision’ state for performing LTCS calculations.   Due to the possibility that a laser will receive an automatic shutter command upon any detected/calculated collision, and considering that LTCS is an intensive consumer of CPU resources, and it is desired that all observatories take extra care to ensure that this flag is set to YES only when absolutely necessary.  As many of the following factors as can be reasonably considered should be integrated into the setting of this flag: 

· Dome shutter state (open/closed)

· Dome tracking state (parked, slewing, tracking)

· Telescope tracking state (parked, slewing, tracking)

· Instrument type (sensitivity to NA589 fluorescence)

· Instrument and guider exposure states (not-ready, ready, in-progress)

· Observatories should set this flag to YES when all of the following are true:

· Dome shutter state is open

· Dome tracking state is tracking

· Telescope state is tracking

· Telescope is guiding

· Instrument is sensitive to NA589 fluorescence

· Observatories should set this flag to NO when any of the following are true:

· Dome shutter state is closed

· Dome tracking state is parked, slewing

· Telescope state is parked, slewing

· Telescope is not guiding

· Instrument is insensitive to NA589 fluorescence

2.1.2 LASER_STATE

Keyword: LASER_STATE

Meaning:  Laser operating state (off, on, on-sky).

Value Representation:  String

Value Units: NA

Value Range:  ON, OFF

Value Precision: NA

Critical keyword dependencies:  LASER_STATE (any other telescope)

Non-critical keyword relationships: LASER_IMPACTED

Example1: LASER_STATE = OFF        /* Telescope/laser is not acting as a laser system */
Example2: LASER_STATE = ON          /* Telescope is laser configured but not propagating*/
Example3: LASER_STATE = ON-SKY  /* Laser is propagating */

Note:  

· Only telescopes with lasers should set this keyword to ON or ON-SKY.  All other telescopes should set this keyword value to OFF.

· Laser equipped telescopes will only set this token to OFF when not operating in LGS_AO mode.  Lasers should always keep this token set to either ON or ON-SKY during LGS_AO operations.   When ON or ON-SKY, laser equipped telescopes operate under the priority rules designated for lasers.  When OFF, laser equipped sites operate under the rules for telescopes (as defined in the ga.config file).  It is expected that laser sites will keep this value OFF until LGS_AO mode is in effect, and will reset to OFF when ending LGS_AO operations (for whatever reason).  

· When the keyword value is ON or ON-SKY, it will cause the geometric analysis engine to calculate collision predictions for all telescopes whose dynamic pointing keyword LASER_IMPACTED has a value of YES.   This includes laser equipped telescopes.   Priority rules for determining shutter status are defined by the ga.config file.

LOG_DATA

Keyword: LOG_DATA 

Meaning:  Used to indicate permissive ability to log pointing data during collision events.

Value Representation:  String

Value Units: NA

Value Range: ON, OFF

Value Precision: NA

Critical keyword dependencies:  None

Non-critical keyword relationships: None

Example:  LOG_DATA = ON           /* turn collision event logging on  */

Example:  LOG_DATA = OFF          /* turn collision event logging off */

Notes:  

· The LOG_DATA keyword is used to indicate permission to log dynamic pointing data within the geometric analysis log during collision events.  When set to OFF, the collector and geometric analysis engine are prevented from logging this data.  

· This keyword has negative logging/analysis side effects, and should only be set to OFF as needed to protect sensitive pointing data.    No debugging of collision geometries or abnormalities can occur when pointing data is disabled.

· When this keyword is set to OFF, and under a collision event, only the involved telescope names and times will be logged

· Any keyword value transition of this flag (including the initial value at startup) will be logged in the LTCS data log.

URL location

Each observatory must post their dynamic pointing file updates to a web server.  The URL location needs to be provided in advance to the LTCS development team for configuration into the LTCS collector configuration file.  The details associated with determining exact file location and host identification are left for each observatory to resolve.  The file will be accessed using HTTP protocol from a Java client.  Access privileges will need to be established for the collector to allow retrieval of the file from a remote location.

2.2 URL Access/Security

Security of access into the web server is the responsibility of the observatory hosting the URL file.  The collector process only needs read access to the host directory where the file is stored, and read privilege for the file itself.  Java and HTTP will be used for access to the URL file.

2.3 URL Update Frequency

Each observatory should post a complete update to their dynamic pointing data file whenever any field within the pointing dataset changes.  This is true for target RA, DEC, EQUINOX, beam FOV, or laser sensitivity/state (LASER_IMPACTED and LASER_STATE).  At the time of writing the file, the TIMESTAMP1 and TIMESTAMP2 fields should also be set.  Whether a particular observatory chooses to implement the timestamp values at the point when the file update occurs, or at the point when the data was first collected, is left for each observatory to decide.  The difference between these two possible timestamp implementation methods is assumed (by the LTCS) to be practically negligible.   Of greater importance is timeliness of the URL update itself.

Care should be taken to get any file update posted to the web site as soon as possible following the dataset change.  While the LTCS collection polling frequency is configurable between the LTCS and each observatory, the worst-case time needed to ensure that the LTCS receives a new update is one whole polling interval (with an average time of ½ polling interval).  This is due to the possibility that the LTCS will just have polled the site URL but the update is made immediately following this access.  In this case, the update will not be received nor processed until the next visit to the URL by the collector.  The implication for observatories is that laser sensitivity can not be automatically processed until the LTCS becomes aware of the dataset change.  Observatories will want to ensure some small amount of latency (at least 1 whole polling interval) occurs between tracking/guiding and starting an instrument exposure when laser sensitivity is an issue.  The LTCS will need time to gather, calculate any collision (in this case an immediate collision), and issue the laser shutter command.   

2.4 URL Read/Write Synchronization

The URL update paradigm uses a classic one writer, one reader mechanism.  There is a possibility that the observatory will be writing a new file to the web site when the collector is in the middle of reading a previous version of the file.   Under this scenario, there is a possibility of data corruption.  The LTCS design uses the TIMESTAMP keyword in the file twice (once as the first entry in the file, and once as the last entry in the file).  The reader will compare the timestamps to validate that the fields match prior to using the data. 

3 URL Collection Configuration Parameters

The following LTCS collector configuration parameters are of interest to each observatory and to the LTCS development team.  Each of these parameters requires communication between the development teams to set correctly:

· Observatory URL Location  

· This is a fully qualified HTTP address

· Collector URL poll rate

· Units are seconds; 

· Determines how often the collector “visits” the observatory URL

· Set individually for each observatory (observatories can have different rates)

· Collector “stale” data threshold indicator. 

· Units are collection polling intervals.

· This is the number of collection polling intervals that the URL data is allowed to remain the same before the LTCS should assume the data is invalid.

· Crossing this threshold will cause the data to be discarded by the LTCS.

· Once considered stale, the Laser-Impact flag is set to NO until the timestamps become current again.  Once updated to current status, the Laser-Impact flag will be reset to whatever is cached (last update from site).

· Any stale data condition detected is logged and alarmed within the LTCS.

· Local System Configuration parameters (other than above)

· Override URL or file path

· Simulation/Query URL  or file path

· Slew Sense Algorithm (off, detect, or filter)

· Slew Sense Threshold (only for detect and filter algorithm choices)

4 Recommendations

The Mauna Kea Laser Guide Star Technical Working Group met eleven times and discussed a range of ideas and potential solutions to issues related to the LTCS.  Several discussion topics are presented here for consideration:

· Automation of the FOV and LASER_IMPACTED keyword value pairs is highly recommended.  Originally, the MK LGS TWG envisioned a configuration display screen to allow telescope operators to set the FOV and laser impacted flags manually at the start of each evening’s observing runs.  This screen is implemented.  However, given the number of observatories involved in the MK configuration, using a manual approach to setting these values is less than optimal.  Telescope operators and observing assistants are usually fully tasked with the operational responsibilities of nightly observing sessions, and adding responsibilities is not wise.  Given the complexity of the FOV and LASER_IMPACTED fields in particular, up-front automation ensures the highest quality overall LTCS system response.

· URL updates need to be made as soon as possible following actual telescope target changes.  Latency effects and their consequences become most pronounced when “immediate” collisions occur, but these effects will cause more problems as the latency factor increases.   Immediate collisions (a collision detected immediately following the update of a telescope’s dynamic pointing data) can’t be eliminated.  However, with timely updates, and intentional latency built into the science observing start cycle (to compensate for latency within the LTCS calculation/shutter cycle), these effects can be ignored.

· The LOG_DATA keyword was added as a result of a meeting in June 2001.  While this field was added to provide some additional security for pointing data, the field has the negative side effect of disabling analysis capabilities for unexpected collision events.  It should only be used for cases where the security of the data is of paramount importance.

· The effects of some system contributions to pointing errors haven’t been thoroughly studied.  In addition, items such as guider sensitivity haven’t been well studied either.   Because of this, some amount of coordination will be required between observatories during LTCS checkout and testing to ensure that the appropriate amount of LTCS “tuning” is provided in regards to the FOV setting and configuration parameters for polling updates.

· Observatories are encouraged to maintain a high fidelity representation of the keywords that contribute to generating geometric models of target positions and beam sizes.  Over-compensation of FOV size and LASER_IMPACTED state (for example) will cause unnecessarily wide beam/cone sizes and shuttering events at the laser facilities.  Under-compensation for these same parameters would likely cause corruption of science integrations and or guiding functions at the non-laser facilities.   A compromise is for all institutions to work together to avoid both undesirable outcomes.

· It has been stated elsewhere in this specification, but telescopes should avoid allowing the LASER_IMPACTED flag to remain in a YES position while the telescope is slewing to new targets.  Slewing has been a problem on Mauna Kea, and as a result, detection and filtering have been designed into the collector.  Mauna Kea is not using filtering, but it is available as a configuration setting.  The effect of slewing with laser_impact set to YES is to dramatically increase shutter occurrences at laser facilities.  This condition must be avoided.

· Any observatory that wishes to add an extra measure of protection for its pointing data can do so by two methods.  First, a small amount of intentional pointing noise can be added to the RA & DEC keyword terms to ensure that targets are protected within the defined FOV cone (just make sure the pointing noise doesn’t “escape” the boundary defined by the actual FOV cone and true target position!).  As a second method, if an observatory is observing with insensitivity to NA589 laser light, and there is a concern for the pointing data (beyond noise and the ability to turn LOG_DATA off), then there is no need to provide the URL data at all.  The LTCS will log the absence (staleness) of the pointing data from the observatory, but otherwise, no adverse affects occur because of this absence.  This may cause some concern at the LTCS sites (due to not knowing if there is a data collection problem or not), so this should probably be communicated in advance to the laser sites as a courtesy against an alarm condition for this state.

· Latency of pointing data updates through the LTCS system must be factored into observatory operational timelines.  From the time of update in a URL file, the LTCS software must read the data (on a collector polling interval), send the data into the GA software, calculate collision predictions, and then act to shutter the laser (in the case of immediate collisions).  A 1 second delay between appending a collision record into the LTCS data structures and processing of an immediate shutter command occurs as a result of the 1Hz rate of the geometric analysis engine.  Therefore, operators must expect the time for latency in processing LTCS shutter commands to be the collector poll interval + 1.5 seconds.  For a 1 second polling interval, this would require a minimum 2.5 seconds of delay before camera integrations could be considered safe.  Failing to delay this interval introduces a risk of receiving sodium light into the camera integration.

Appendix A –Override, Nightly Configuration, and Query function

Currently, the display software to implement nightly configuration of particular LTCS URL parameters (data logging, field of view, and laser sensitivity) by an observatory has been implemented in the configuration screen (protected by password defined for each observatory).  The software follows the basic design approach as the dynamic pointing URL.  Keyword value token pairs consistent in format and content are defined in a separate “override” URL.  This URL is located within the Collector configuration file.  The override URL is read by the Collector at the same polling frequency defined for the pointing URL data fields.  The values constitute a prioritization scheme for the collector to use in assigning keyword values from the URLs.   Most of the override keywords are existing pointing keywords.  These keywords “shadow” the pointing URL definitions.  Other keywords are new and are used for other logistical or system purposes.  The keyword values contained in the override URL field may be used in place of the pointing URL fields, but this is dependent on the value of a control keyword located in the override URL.  The following keywords are defined by the override URL:

· Control

· OVERRIDE_URL_FIELDS / defines override precedence for remaining fields

· Override parameters

· LASER_STATE                    / may override pointing URL Laser State

· LOG_DATA

        / may override pointing URL Log Data

· FOV


        / may override pointing URL Field of View

· LASER_IMPACTED
        / may override pointing URL Laser Sensitivity

· System Functions (these do not appear in the URL, but are only locally visible)

· QUERY_IN_PROGRESS    /  defines if a query is currently in progress

The subparagraphs below specify the details for each of these parameters.

4.1 Override Control

4.1.1 OVERRIDE_URL_FIELDS

This keyword is the critical keyword for allowing overriding of pointing URL parameters.  Its value defines whether or not the “shadowed” keyword values in the override URL will take precedence over the dynamic pointing updates provided in the pointing URL. 

Keyword: OVERRIDE_URL_FIELDS 

Meaning:  Indicates whether or not override URL values will take precedence over dynamic pointing URL values.

Value Representation:  String

Value Units: NA

Value Range: YES, NO

Value Precision: NA

Critical keyword dependencies:  LASER_STATE, LOG_DATA, FOV, LASER_IMPACTED

Non-critical keyword relationships: None

Example:  OVERRIDE_URL_FIELDS = YES        /* override shadowed pointing fields  */

Example:  OVERRIDE_URL_FIELDS = NO         /* do not override shadowed pointing fields */

Notes:  

· This keyword must be present in the override URL and have one of the two defined values (YES,NO).

· All override keyword token-value pairs will be used when this value = YES.  The set of keywords defined by this capability constitute a “package”, and are not divisible.  Therefore, this field should be set to NO (i.e. pointing URL to take precedence) whenever possible.   

· The values of shadowed URL pointing parameters must be valid when the OVERRIDE_URL_FIELDS is set to YES.  The logic for invalid ranges and errors will be the same as for the pointing URL values when this field is set to YES.  

When set to “NO”, shadowed parameter values are not used, but are still read and must be defined with valid values.

4.2 Override Parameters

Each of the following keywords follows the exact format specified by pointing URL definitions contained elsewhere in this document.  The values must be present in the override file regardless of whether or not they are actively in use.  They are each read by the collector, but may be discarded depending on the value of OVERRIDE_URL_PARAMETERS defined above.   Each keyword will be read at every polling interval.  The values will either be used (in the case of OVERRIDE_URL_FIELDS=YES), or discarded (OVERRIDE_URL_FIELDS=NO).  Please refer to the sections in the main body of the URL specification to reference tokens, values, ranges, precision, and notes for these keywords.  

4.2.1 FOV

This keyword follows the exact format specified under LOG_DATA elsewhere in this document.  

4.2.2 LASER_IMPACTED

This keyword follows the exact format specified under LOG_DATA elsewhere in this document.  

4.2.3 LASER_STATE

This parameter is typically used for LTCS testing purposes, but can be set by operators as well.   When set, the laser state will be set to the value regardless of what the laser state actually is.  The remaining fields needed to perform the collision calculation are drawn from the set of override/pointing URL fields. 

4.2.4 LOG_DATA

This keyword follows the exact format specified under LOG_DATA elsewhere in this document.   Note that when LOG_DATA=OFF, no post-mortem debugging of anomalous behavior can be performed.  This value should only be set to ON unless absolutely necessary to protect pointing data security.

System Override Parameters (ONLY FOR OVERRIDE FILEs)

Each of the following keywords follows the exact format specified by pointing URL definitions contained elsewhere in this document.  The values must be present in the override file regardless of whether or not they are actively in use.  They are each read by the collector.   Each keyword will be read every polling interval.  

4.2.5 QUERY_IN_PROGRESS

This keyword is used by the system to designate that a query operation is in progress.  It does not rely on having the OVERRIDE_URL_FIELDS parameter in any particular state.  Rather, when this field is set to YES, a query is considered to be in progress, and when set NO, no query is considered in progress.  The setting of this field is done internally by LTCS system software.  It is used to deconflict a laser operating in “preview” mode from a user requested query.  No user interaction with this field is necessary (other than to provide the initial configuration to an OFF setting in each telescope/laser file).

QUERY function

The query function allows an operator to ask the LTCS whether a new RA/DEC/EQUINOX position will cause a collision without physically moving to the new location.  This function can be invoked via the query screen (off the main ltcs menu).  The function works for both telescopes and lasers, with lasers having slightly more capability due to their ability/need to designate whether or not the query state will have a laser on or off.  Laser configured telescopes may only set the laser_state token to one of ON-SKY or OFF; invocation of a query while in preview mode is not allowed.  

To function, the LTCS configuration has been extended to include additional source information for defining where the collector will retrieve the query information from.  The collector config file contains a parameter for where the query information is located.  Either file or URL can be used.  The data follows (exactly) the format used for URL information (found in other sections of this document).  This information is transparent to operators (who only use the GUI).  LTCS system administrators should set up the files and configure the collector.config file such that the initial timestamp values for each configured telescope/laser will be stale (i.e. set to a small positive number like 100).  This will prevent the LTCS from unnecessarily processing query requests.  LTCS software transparently sets these correctly when using the GUI.   The details of how to set this parameter are contained in the collector config file.  

