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1 Objective 
The objective of this document is to establish a common structured approach in order to easily 
interface with the global interlock system and to adhere to local practices and universal 
concepts of safety while satisfying applicable laws and regulations. 

2 Basis of Design 
Considering the capabilities of commercially available safety rated components, there are three 
basic ways of implementing a safety interlock system: 

• based on safety relays; 
• based on mid size safety controllers; 
• based on full size safety controllers. 

Safety relays are stand alone devices capable of monitoring a small number of sensors, mostly 
switches, and computing basic interlock conditions, but given the size and layout of the LSST 
facility it would be necessary to use a very large number of them. The lack of communications 
capabilities make them unsuitable for distributed applications except in the case of minor local 
interlocks requiring no more than an on/off signal to interface with the rest of the system. 

Mid size safety controllers are made to monitor a larger number of inputs in distributed 
environments thanks to added communications interfaces, which in particular make them very 
appropriate for applications where safety hazards are grouped in few different locations. Local 
interlocks are managed locally, and global conditions are passed on to all safety controllers in 
the system to enable or disable different features at the local level. When necessary it is 
possible to interface with safety relays (e.g. control panel power interlocks) and with global 
process control systems for status reporting. 

Full size safety controllers are in fact large PLCs or PACs equipped with safety CPUs for handling 
safety interlocks as part of the global control system itself. In the LSST case, since the 
observatory and telescope control systems are not based on this type of equipment, its physical 
implementation would lead to a very expensive and underutilized solution. 

It is important to bear in mind that in the interlock system only equipment for personnel safety 
must be safety rated; hardware exclusively for equipment safety is not necessarily safety rated. 
Nevertheless the same procedures used for personnel hazard analysis and risk mitigation can be 
used for determining the requirements for equipment safety. 

3 Architecture 
The proposed architecture considers subdividing the LSST facility in key areas with local 
monitoring using mid size safety controllers, which incorporate all safety interlocks required for 
each particular area or subsystem without having to build expensive support hardware. 
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Figure 1: Illustration of Distributed Safety Interlock Architecture 

Communications between safety controllers allows for facility wide monitoring and distributed 
implementation of safety procedures where emergency stops have the highest priority. 

 

Figure 2: Tentative Locations of Local Safety Controllers 
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Tentatively, based on the amount and type of equipment and planned operations, the key 
safety areas have been identified as: camera assembly, elevation assembly, azimuth assembly, 
dome, telescope pier, platform lift, coating area, and entrance and utility floor. As the hazard 
analysis is completed and the detail design progresses, it may be necessary to revisit those 
locations depending on practicality and extent of the resulting system. Wiring complexity and 
monitoring capabilities of the safety controllers also shall be taken in account. 

4 Preparatory Tasks 
The first and most important task is completing the hazard analysis for each subsystem. This 
step has already been started by the LSST project and will be finalized with the different 
subsystem contractors. The MIL-STD-882 Standard is used for system safety hazard analysis, 
which addresses personnel and equipment safety. All details regarding the safety analysis 
process are described in document LPM-49. 

Since MIL-STD-882 does not address safety system implementation, we plan to follow the 
ANSI/RIA R15.06 Robot Safety Standard (ANSI/RIA/ISO 10218 parts 1 and 2) for personnel and 
equipment safety implementation. Most safety equipment commercially available adheres to 
ANSI/RIA R15.06 and the European Machine Directive, which are both currently harmonized. 

5 Physical Implementation 
In the name of commonality, compatibility and simplicity, a specific set of components shall be 
selected and used throughout the LSST facility. The objective is to minimize the support 
equipment and specialized training necessary to maintain and operate different types of 
electronics and to minimize the types of tooling to service otherwise similar hardware. A 
standardized approach to safety interlocks and safety equipment is a safety improvement in 
itself as prevents operators from having to navigate between different embodiments of similar if 
not identical safety measures, which is a potential cause of mishaps in case of an emergency. 

This policy shall apply to safety measures provided as part of off-the-shelf equipment, 
equipment built to specification and third party contracts. It may not be always possible to 
modify third party designs to completely meet LSST safety requirements, and additional safety 
measures may have to be added. In such cases it will be necessary to interact with the 
equipment manufacturer to find the best possible implementation, which implies understanding 
the internals and specifics of operation of the equipment. 

The safety interlock system is a distributed arrangement of safety controllers connected via 
dedicated communications bus. Not all safety functions need to be connected to this bus, i.e. 
the door interlock of many control panels. For instance only critical functionality that affects 
major systems must be implemented that way like in the following examples, but not limited to: 

• dome – platform lift interlocks; 
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• dome crane – telescope mount interlocks; 
• coating equipment – mirror cart interlocks; 
• telescope axes interlocks; 
• telescope mount platforms – camera rotator interlocks. 

Whether safety interlocks operate locally or globally, there is no remote manual control, only 
remote monitoring. Activation of specific states shall occur by secure means (trap keys, etc.), 
which also shall be reported. A series of computer monitors conveniently placed throughout the 
summit facility shall display current information regarding the state of all the elements involved 
in the safety interlock system. 
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