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1 Introduction
As part of the Next Generation Adaptive Optics System (NGAO), a Laser Safety System (LSS) is needed to ensure the laser guide star facility operates safety and in accordance with regulatory standards for operating a laser.  These standards include the American National Standards Institute (ANSI) Z136.1 Safe Use of Lasers and Z136.6 Safe Use of Lasers Outdoors.  The standards are to ensure safety for internal personnel and equipment, as well as external assets such as aircrafts and space vehicles.

A preliminary design of the LSS has been generated as part of the Preliminary Design Phase.    This document provides a test plan on how the LSS will be verified.
2 References

2.1 Referenced Documents

Documents referenced are listed in Table 1.  Copies of these documents may be obtained from the source listed in the table.

	Ref. #
	Document #
	Revision or Effective Date
	Source
	Title

	1
	ANSI Z136.1
	
	ANSI
	Safe Use of Lasers

	2
	ANSI Z136.6
	
	ANSI
	Safe Use of Lasers Outdoors

	3
	KAON TBD
	1.0
	WMKO
	NGAO Safety System Preliminary Design

	4
	KAON TBD
	
	
	NGAO Safety System to Laser ICD

	5
	KAON TBD
	
	
	NGAO Safety System ICD


Table 1:  Reference Document
2.2 Acronyms and Abbreviations

Table 2 defines the acronyms and abbreviations used in this document.

	Acronym/Abbreviation
	Definition

	AB
	Allen Bradley

	ANSI
	American National Standards Institute

	FSD
	Full Scale Development

	ICD
	Interface Control Document

	K1 
	Keck 1 

	K2
	Keck 2 

	KAON
	Keck Adaptive Optics Note

	LGS
	Laser Guide Star

	LSS
	Laser Safety System

	LTCS
	Laser Traffic Control System

	NGAO
	Next Generation Adaptive Optics System

	NGS
	Natural Guide Star

	PLC
	Programmable Logic Controller

	TBD
	To Be Determined

	WMKO
	W.M.K. Observatory


Table 2:  Acronyms and Abbreviations
3 Safety System Design
A more detailed design is provided in the Laser Safety System (LSS) Preliminary Design Document.  The introduction presented here is mainly to provide the user with an overview to support the test plans.  The main function of the LSS is to protect personnel and equipment.  Protection of personnel means ensuring hazardous radiation does not reach personnel.  Protection of equipment means ensuring the Laser Guide Star Facility environment is within the operational ranges and that equipment is not damaged.
3.1 Personnel Protection
3.1.1 Internal

The LSS shall ensure personnel in the observatory are not impacted by laser radiation or equipment within the LGSF.  This requires the laser radiation to be contained to the laser service enclosure and the dome as needed.

3.1.2 External

The LSS shall ensure hazardous laser radiation does not impact personnel outside of the observatory; these include personnel in aircrafts flying over Mauna Kea.  

3.2 Equipment Protection

3.2.1 Internal

The LSS shall ensure the infrastructure required by laser is at their operational ranges.  These include temperature of the Laser Service Enclosure, glycol, pneumatics, etc.
3.2.2 External

The LSS shall ensure hazardous radiation does damage objects under the jurisdiction of Space Command.  Interfering with neighbouring observatory observations fall under this as well.

3.3 Safety System Interfaces

To provide personnel and equipment safety, the LSS will communicate with a host of subsystems to acquire status and provide control.  Figure 1 provides a depiction of all the subsystems the LSS will interface with.  Each of these interfaces will be tested during full compliance.
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Figure 1:  LSS Interfaces

4 Types of Tests
The level of rigor for testing the LSS will depend on the phases of system development and operations.  Currently, four levels of testing will be established to support development and operations.  As a general rule, the level of testing is reduced as fewer changes are made to the system through its life cycle.
4.1 Full Compliance Testing

Full compliance testing is required for a new system or significant changes to LSS.  Changes may be in the form software changes that spans multiple subsystems or hardware changes that could impact the Allen Bradley (AB) hardware.  Such changes may include timing to the system or adding or removing modules to the hardware.  Several iterations of compliance testing are expected to be completed during the development phase.  Compliance testing in the operational phase is likely to be completed only for major upgrades.
4.2 Regression Testing

Regression testing assumes the system has completed compliance testing and has been in operations.  This type of testing will be needed when changes to the system is made that can affect multiple subsystems within the LSS.  Regression testing provides confidence that the system is operating after new changes are made.  Regression testing verifies the overall functionality of the system.  These tests are usually done in conjunction with unit testing, described in the next section. 
4.3 Unit Testing

If the changes are confined in one subsystem, only the subsystem impacted by the logic will be required to be tested.  These tests are called unit testing and is closely affiliated with the areas that changes were applied.  An example of this is the addition of an LED indicator.  Since this logic only impacts the display function, only the changes to the display indicator system are verified.

4.4 Routine Maintenance Testing

As part of normal operations per ANSI Z136.1 Safe Use of Lasers, it is expected for the LSS to undergo periodic testing to ensure safe operations.  In current K2 laser operations, the testing was done quarterly at the onset of the project but have been reduced to semi-annually, as more data was provided on the system’s reliability.  Since the software does not change in the system, only the hardware is checked to ensure proper operations.  These tests focus on the operation of sensors and switches.
5 Full Compliance Testing
The following provides a methodology on how the LSS will be developed and tested for full compliance.  The requirements compliance matrix is shown in the Appendix as well as in the Contour Requirements Database.

The PLC code is developed on an Allen Bradley development platform called RsLogix500.  The software runs on a standard PC.  In addition to the programming platform, the RSLogix500 environment also provides an emulation mode as though the ladder logic is running on a SLC500 processor communicating to external devices.  All this can be done without any additional AB hardware.  Without additional hardware, all interlocking sequences shall be verified.  This phase of development and test is considered Phase 1 of Full Scale Development (FSD).
In Phase 2, the AB controller assembly and associated nodes will be fabricated.  The ladder logic will then be downloaded on the PLC and run.  The RSLogix500 provides a view of the inner workings of the PLC.  Any fault such as arithmetic and watchdog are provided to the user.  Prior to any further development of sensors or controls, the RSLogix500 software can emulate these functions to test for functionality.  Interlocking and sequences should have been completed in the previous phase.  This phase verifies the program is running properly on the PLC without any errors.  The communications with Laser Interface Server will also be verified during this phase.

In Phase 3, the devices that the LSS communicates with will be fabricated and connected.  The LSS will test the interfaces per the LSS ICD.  Each I/O point will be verified and interlock logics will be verified.  This phase assumes the system will be operating in a laboratory environment prior to summit installation.  Completion of this phase will conclude the FSD phase of the LSS.  Documentation on design compliance will be provided.

In the final Integration and Test Phase, the system and associated electronics will be moved to the summit.  This phase will conclude with re-verification of the tests completed in Phase 3 of FSD and results compared against documented results.
5.1 Manpower Estimate
The following table shows the estimated effort for the tests.  The effort includes testing, remedying problems found and documentation of the results.
	Phase
	Personnel
	Effort
	Total

	1.  Initial software development
	Electronics Engineer
	50 hours
	50 hours

	2  Hardware Development
	Electronics Engineer

Electronics Technician
	40 hours

60 hours
	100 hours

	3.  Interface Testing
	Electronics Engineer, Electronics Technician
	60 hours

40 hours
	100 hours

	4.  Integration and Test
	Electronics Engineer, Electronics Technician
	60 hours

60 hours
	120 hours

	
	
	Total:
	370 hours


Table 3:  Full Scale Testing Effort
5.2 Tooling Requirements

No special tooling required except for a PC computer to operate the AB development software RSLogix and standard lab tools.
5.3 Infrastructure Requirements

For the final Integration and Test, the telescope will be needed for access to the LSE and f/15 locations for 5 days.
6 Regression Testing
Regression testing verifies the basic functionality of the LSS.  The following functions are top level items possibly for regression testing:
· Emergency Shutdown of the System

· Final Shutter Permissive

· Hazardous Laser Radiation Interlocks for the f/15 location and the Laser Service Enclosure(s)
· Aircraft Detection Interlocking System

· Environmental Status and Displays
· Laser(s) Interface
6.1 Manpower Estimate

Regression testing will take approximately 2 technicians 1.5 days to complete.
6.2 Tooling Requirements

Standard electronics lab tooling is sufficient.
6.3 Infrastructure Requirements

Telescope will need to be at horizon and zenith for access to the LGSF.
7 Routine Testing

Routine testing assumes no software changes have taken place.  Testing is only done to verify hardware operations.   Manual activation is done for each input to the LSS.  These can be in the order of opening or closing of covers.  Simulated sources can be used to determine the functionality of sensors such as diodes.  The list of items to check will be based on an interlock matrix shown in Figure 2.
7.1 Manpower Estimate

The existing Keck 2 laser performs this function every six months.  The testing requires 2 technicians for approximately ½ summit day.  The bulk of the testing for Keck 2 is done I the laser room on the door floor.  For NGAO, this estimate is likely to triple for the following reasons:

· There are 3 lasers instead of one.

· The location of the lasers is on the elevation ring requiring telescope resource.

· Part of the test will be done on devices at the f/15 location requiring telescope resource.

· There may possibly be an additional enclosure needed to house the lasers.

Similar to Keck 2, this testing will commence quarterly and transition to semi-annually once reliability is shown.   The effort is expected to require 15 hours x 2 technicians x 4 tests per year = 120 hours.

7.2 Tooling Requirements

If a fire suppression system is installed, smoke and/or fire triggering devices may be necessary for testing of the fire alarm system.  Otherwise, standard electronics lab tooling is sufficient.
7.3 Infrastructure Requirements

The routine testing will require the telescope parked at zenith and at horizon to access the laser enclosures and f/15 module.  The amount of time will 6 days per year (1.5 days x 4).
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Figure 2:  Interlock
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