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1 Scope of Document 

This document focuses on describing the Facility Protection System (FPS) as imagined under all 

current operation scenarios described in the BFO ConOps[1]. It will serve as a guide for gather-

ing the FPS work package requirements. 

2 Introduction 

The FPS package is a collection of software packages and modifications to existing software 

systems and architectures that take actions as necessary to protect the facility.  

When certain summit conditions become unsafe or communication with the base facility opera-

tor is lost the FPS will initialize protective actions with both the telescope and facility. 

Throughout this document there is a distinction between what is absolutely necessary for the 

safety of the facility and what additional things can be done to make recovery easier.    In all 

cases below the actions marked with a [*] are in addition to the absolute minimum that needs to 

be done. 

3 Definitions 

Due to the nature and risk of remote operations, it is important that Gemini Observatory adopts 

one common vocabulary with agreed upon definitions.  

3.1 Secured State 

For any device, mechanism or assembly the term “secured state” refers to a state whereby it can 

be left unattended for an indefinite period of time without risk of damage to the device or tele-

scope facility.   In the context of FPS the following safe states are defined: 

3.1.1 Faciliy Secured State: derived from BFO ConOps [1] section 5.5 

The telescope enclosure is considered to be in a safe state for the purpose of FPS when all of the 

following conditions are met.  

• Laser shutter closed 

• The Top and Bottom shutter are fully closed 

• The East and West vent gates are fully closed 

• The dome is pointed 180 degrees from the wind (GS) or into the wind (GN), or alterna-

tively in one of the three designated bad weather park positions (GN) [*] 

• PCU2 = Computer Mode 

• The Enclosure power is OFF 

• The Enclosure AHUs are ON 

• The Enclosure and all Facility lights = OFF [*] 

• The DIMM shutter is closed. 
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3.1.2 Telescope Secured State: derived from BFO ConOPs [1] section 5.4 

The telescope is considered to be in a secured state for the purpose of FPS when all of the fol-

lowing conditions are met.  

• Telescope Elevation of 90.05 degrees GS, 90.0 degrees GN [*] 

• Locking pins are inserted [*] 

• Mirror cover = CLOSED [*] 

• Instrument cover = CLOSED [*] 

• CRCS Power = OFF [*] 

• MCS drives = Disasserted [*] 

• HBS = OFF 

3.2 Protected State 

The enclosure is closed and the telescope is in any state.  

3.3 Exposed 

The enclosure is not closed and therefore the telescope is exposed to the elements, but is not At 

Risk.  

3.4 At Risk 

The telescope is threatened by unsafe environmental or operational conditions.  

3.5 Recoverable State 

For any device, mechanism or assembly the term “recoverable state” refers to a condition 

whereby it can be taken from its current state to an operational state without the need for physi-

cal human intervention.   It may be necessary to go through a number of intermediate states, or 

to involve other systems in the process, but the fully functional state must be achieved without 

having to physically touch anything.   There is no explicit time restriction on how long it takes 

to bring the entire telescope and facility to a fully functional state. 

3.6 Autonomous Action 

An autonomous action is an action taken by the FPS without being commanded to do so by an 

operator. .Autonomous actions are necessary to protect the facility and leave it in a recoverable 

state if a remote operator is either unable to do so or does not do so in time to protect the facili-

ty.  

The FPS will initiate autonomous actions when triggered by certain operational or environmen-

tal conditions as described in the scenarios and use cases that follow. 

The FPS will inform remote personnel using the Personnel Notification protocol whenever it 

starts or completes autonomous actions (either successfully or due to a failure condition). 
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3.7 Tracking Loops 

M1 offload 

M2 offload 

BTO Loops 

ECS tracking 

MCS tracking 

CRCS tracking 

 

3.8 Observatory Summit Mode  

Summit mode of operations is the current manner of operations for Gemini North and South. All 

enabling of critical systems is done from the summit. Operations from the base facility is possi-

ble but only with careful coordination with the day or nighttime summit crew to enable the 

MCS, power to the CRCS, locking pin control, mirror/inst. cover control, and HBS control. 

3.9 Observatory Remote Mode 

Observatory Remote Mode means that full operations from sea level are possible with or with-

out anyone being physically present on the summit. While in Observatory Remote Mode, criti-

cal systems can be enabled both from the summit and remotely from the base facility. This in-

cludes MCS enable, power to the CRCS, locking pin control, mirror/inst. cover control, and 

HBS control.   

In this mode, the FPS is actively monitoring and protecting the telescope facility. The FPS pro-

vides alerts on environmental or operational conditions that could trigger FPS actions. 

 

3.10 Personnel Notification Protocol 

The Personnel Notification Protocol is used to inform remote personnel of potentially hazardous 

conditions and any autonomous actions taken in response to those conditions.   The protocol uses 

two types of notification, network dependent and network independent: 

A network dependent notification is an audible alert and visual message displayed on one of the 

normal operator interfaces. 

A network independent notification is a message sent to a pre-defined list of recipients using a 

method that does not rely on a network connection between the summit and base.  The following 

list is a suggestion for the first group to receive the first message:  
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- Nightstaff cell phone 

- TTM cell phone 

- ISG cell phone 

- Site manager cell phone 

- BFO team cell phone (as needed) 

The protocol to be followed when notifying personnel is as follows: 

- The FPS will show and sound any alarms and messages.   This is considered to be a network-

dependent notification. 

- If the base to summit network link is not operational, or if receipt of the notification is not 

acknowledged by an operator within TBD seconds, send a network independent notification. 

- If  receipt of the notification is not acknowledged by an operator after a further TBD seconds 

re-send the network independent notification distribution. 

- If  receipt of the notification is not acknowledged by an operator after a further TBD seconds 

the facility enters the At Risk state.  

All Personnel Notification messages need to include the following details:  

- Timestamp  

- Condition that triggered the message 

- State of action being taken by the FPS 

 

4 Facility Protection System: Overview  

Maintaining safe operations by responding to environmental or operational conditions has al-

ways been, and under BFO will remain, the prime responsibility of the operator. 

The FPS monitors environmental and operational conditions and takes protective action in place 

of the telescope operator when necessary to protect the safety of the facility. This monitoring is 

done without affecting normal operations. FPS will provide a user interface to alert the operator 

with audible/visual messages (Personnel Notification) when the FPS takes action.  

Because the responsibility still remains with the operator, the FPS only takes autonomous ac-

tions to prevent damage to the telescope and facility under the following conditions:  

1) Operator is not able to control the telescope facility remotely due to a network failure.  

2) A major earthquake has been detected by the earthquake sensors at the summit  

3) Power failure (covered under network failure)  

4) Precipitation has been detected while telescope is Exposed. 

Should the condition pass that triggered an autonomous action by the FPS, the telescope and fa-

cility are left in a state where they can be recovered remotely and night-time operations can con-

tinue if it is safe to do so.  
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4.1 FPS Monitored Conditions  

When any one of a pre-defined set of operational or environmental conditions poses a danger to 

the facility, personnel will be notified via the Personnel Notification. Personnel will be notified 

in the same manner when the condition no longer poses a threat to the facility. 

 

4.2 Autonomous Facility Protection 

The FPS will initiate a series of actions to protect the telescope facility if it is at risk and the re-

mote operator is unable, or does not, take action in time to protect the telescope. These actions 

will take into account the differences between GN & GS (i.e, Generator power differences) as 

required. The specific actions that are necessary and how they will be implemented will be spec-

ified in the FPS design document, based on the use cases described in section 5 below. 

Actions that are not absolutely necessary to protect the facility are marked with a [*]. 

5 Facility Protection – Scenarios & Use Cases 

Below is the description of what actions are required to put the facility in a safe and recoverable 

state when there is: 

A) a network failure   

B) a major earthquake is detected on the summit 

C) precipitation while the enclosure is open 

Unless explicitly noted otherwise, the following conditions are common to each of the use cas-

es:  

Condition  

Observatory mode Remote 

ECS State Controllable by software 

Time Day or Night 

Power Commercial (GN), Commercial or 

Generator (GS) 

Earthquake Detected No 

Personnel on Summit No 

 

In each scenario and use case there is a distinction between what is absolutely necessary for the 

safety of the facility and what additional things can be done to make recovery easier.    The ac-

tions marked with a [*] are not absolutely required to ensure the safety of the facility. 

In all of the scenarios the autonomous actions listed will complete even if the threat that caused 

these actions is no longer present.  To keep the system simple and provide maximum protection 
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autonomous actions can only be aborted by changing the observatory to summit mode or the E-

Stop button. 

5.1 Scenario A: Network Failure  

This scenario is derived from BFO ConOps [1] Use Case 9.  Short interruptions in network con-

nectivity between the summit and base do not pose a risk to the facility, but prolonged outages 

prevent the remote operator from monitoring summit conditions and taking action if necessary. 

The FPS constantly monitors the network link to the base facility and between the critical sub-

systems.  How the FPS reacts to a network failure depends on the length of the failure and the 

state of the facility when the failure occurs. 

The FPS assumes that as long as there is a workable network connection to the base facility and 

between all of the critical telescope subsystems required to ensure safety the operator will be 

able to monitor and control the facility.   If network connectivity is lost between critical subsys-

tems the FPS will take whatever action it can with the controllable subsystems to protect the fa-

cility. 

Network link failures less than TBD seconds pose no danger to the facility.  These are ignored 

to reduce the number of spurious messages sent.  A non-network based notification will be sent 

if the failure exceeds this time.  The safe limit for operation without a network connection to 

base is TBD minutes. 

The following Use Cases explain what actions the FPS must take when there is an extended 

network link failure while the observatory is in each operational state.   Detection of an Earth-

quake or Precipitation are not included here as they are handled as separate scenarios. 

5.1.1 Use Case A1: Telescope and Facility are Secured. 

The telescope is not exposed and it is at rest in a safe position.  No immediate action is required 

to secure the facility.  

If the network failure exceeds the notification limit a Personnel Notification is sent. 

If the network outage exceeds the safe limit the FPS will transition to At Risk state. 

When the network connection is restored the FPS will send a Personnel Notification and will 

take no further action. 

5.1.2 Use Case A2: Telescope is Protected. 

Although the telescope is not exposed it is not in a safe position.  Since the enclosure is sealed 

there is no need to take immediate action to protect the telescope. 

If the network failure exceeds the notification limit a non-network method Personnel Notifica-

tion is sent.  The FPS will then react as described in table xxx below until the safe failure time is 

reached: 
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Condition Threat Response 

Time to hard limit < TBD seconds Transition to At Risk state 

Laser propagation Propagating Transition to At Risk state 

   

Table xxx – FPS response to network failure in observatory protected state 

If the network outage exceeds the safe limit the FPS will transition to At Risk state. 

When the network connection is restored the FPS will send a Personnel Notification but will 

take no further action. 

5.1.3 Use Case A3: Telescope is Exposed  

The telescope is exposed and there is no threat. 

If the network failure exceeds the notification limit a non-network method Personnel Notifica-

tion is sent.  The FPS will then react as described in table xxx below until the safe failure time is 

reached: 

Condition Threat Response 

Wind Speed > 20 m/s Transition to At Risk state 

Humidity > 85 %rh Transition to At Risk state 

Dew Point > 6 °C Transition to At Risk state 

Dew Point Differential < 2 °C Transition to At Risk state 

Laser propagation  propagating Transition to At Risk state 

Power Loss of com-

mercial power at 

GN 

Transition to At Risk state 

Time to sunrise < TBD seconds Transition to At Risk state 

Time to hard limit < TBD seconds Transition to At Risk state 

Table xxx – FPS response to network failure in observatory protected state 

If the network outage exceeds the safe limit the FPS will transition to At Risk state. 

When the network connection is restored the FPS will send a Personnel Notification but will 

take no further action. 

5.1.4 Use Case A4: Telescope is at Risk 

One or more operational or environmental conditions put the facility at risk.    

At GS or if commercial power is available at GN, the FPS will autonomously put the enclosure 

and telescope in a safe and recoverable state by ensuring, to the best of its ability, that: 

- The laser safety shutter is closed  

- All telescope and enclosure motions are aborted [*] 

- All tracking loops are open [*] 
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- The shutter and vent gates are closed 

- The telescope is at zenith [*] 

- Power to the shutter, vent gate and carousel drives is off 

- Power to the mount and cass rotator drives is off 

- The HBS is off 

- The Air Handling Units are on. [*] 

- GS DIMM is closed 

When GN is running on generator power the FPS will autonomously put the enclosure in a safe 

and recoverable state by ensuring, to the best of its ability, that 

- Power is available to the carousel while it is being controlled 

- The shutter and vent gates are closed 

- Power to the shutter, vent gate and carousel drives is off 

When the network connection is restored the FPS will send a Personnel Notification but will 

take no further action. 

5.1.5 Use Case A5: Observatory is in Summit Mode 

There are people at the summit who are responsible for the safety of the facility.  There is noth-

ing for the FPS to do.  If the transition to summit mode happens while telescope is At Risk any 

autonomous actions are aborted. 

 

5.2 Scenario B: Major Earthquake is Detected 

This scenario is derived from BFO ConOps [1] Section 10.7.1.  In the event a major earthquake 

is detected on the summit nothing should be moved remotely until the facility has been inspect-

ed in person.  As soon as the earthquake is detected the FPS will autonomously prevent any fur-

ther motion of the enclosure or telescope as described in the use cases below.  The FPS will en-

sure that the enclosure or telescope can not be moved until the presence of personnel at the 

summit is signalled by the observatory mode being switched to summit.  

The following use cases define what actions the FPS must take if an earthquake is detected 

while the observatory is in each operational state. 

 

5.2.1 Use Case B1: Telescope and Facility are Secure. 

The telescope is not exposed and it is at rest in a safe position and the power is already off.   The 

FPS will ensure that the facility remains secure until personnel arrive at the summit and take 

control of the facility. 

Immediately upon detection of the earthquake the FPS will send a Personnel Notification to in-

dicate that an earthquake was detected and then transition to At Risk state. 
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5.2.2 Use Case B2: Telescope is Protected. 

Although the telescope is not exposed it is not in a safe state.  It is in no danger so it is sufficient 

to stop any motion and turn off the power to leave the telescope where it is. 

Immediately upon detection of the earthquake the FPS will send a Personnel Notification to in-

dicate that an earthquake was detected and transition to At Risk state. 

5.2.3 Use Case B3: Telescope is Exposed  

Although the telescope is exposed there is no immediate threat from the environment. All enclo-

sure and telescope motion must be stopped and further motion prevented until personnel arrive 

at the summit and take control of the facility. 

Immediately upon detection of the earthquake the FPS will send a Personnel Notification to in-

dicate that an earthquake was detected and transition to At Risk state. 

5.2.4 Use Case B4: Telescope is At Risk 

The telescope is exposed and one or more operational or environmental condition put it into the 

At Risk state. Since nothing can be moved without risk of further damage to the enclosure or 

telescope no corrective action can be taken. 

Immediately upon detection of the earthquake the FPS will send a Personnel Notification to in-

dicate that an earthquake was detected. 

Immediately upon detection of an earthquake the FPS will stop the enclosure and telescope then 

prevent any further motion by ensuring that: 

- The laser safety shutter is closed 

- Power to the shutter, vent gate and carousel drives is off 

- Power to the mount and cass rotator drives is off 

- Power to the HBS is off 

The FPS will ensure that the power to these devices remains off until the observatory is put into 

summit mode. 

5.2.5 Use Case B5: Observatory is in Summit Mode 

There are people at the summit who are responsible for the safety of the facility and they have 

felt the earthquake.  

5.3 Scenario C: Precipitation 

Sensing precipitation requires a positive detection of moisture on X or Y sensors deployed at the 

summit. 

The following use cases describe how the FPS will react in each of the observatory operational 

states. 
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5.3.1 Use Case C1: Telescope and Facility are Secure. 

The telescope is not exposed and it is at rest in a safe position so there is no danger.  No auton-

omous actions are required. 

5.3.2 Use Case C2: Telescope is Protected. 

Although the telescope is not exposed it is not in a safe position and could be in use.  No auton-

omous actions are required. 

5.3.3 Use Case C3: Telescope is Exposed  

The telescope is exposed so is at risk.  The FPS transitions to the At Risk state. 

5.3.4 Use Case C4: Telescope is At Risk 

The telescope is exposed and one or more threats exist to the safety of the facility.   The opera-

tor is notified and, if for whatever reason does not react by sealing the enclosure in a reasonable 

time the FPS will autonomously put the telescope and enclosure into a safe and recoverable 

state by ensuring that. 

- The laser safety shutter is closed  

- All telescope and enclosure motions are aborted [*] 

- All tracking loops are open [*] 

- The shutter and vent gates are closed 

- The telescope is at zenith [*] 

- Power to the shutter, vent gate and carousel drives is off 

- Power to the mount and cass rotator drives is off 

- The HBS is off 

- The Air Handling Units are on. [*] 

- GS DIMM is closed 

5.3.5 Use Case C5: Observatory is in Summit Mode 

There are people at the summit who are responsible for the safety of the facility.  

. 

 

 

6 Open Issues 

- The SeqExec is out of scope, this needs to be clarified to SOS group 

- Do the locking pins, mirror covers, instrument cover need to be controlled? 

- Is it necessary to use the dust monitor to trigger FPS action during network outages? 

- Does precipitation or sunrise overrule an Earthquake interlock?  
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- How robust is the generator/computer room UPS at HBF and SBF? 

- Any additional actions needed to protect the instruments (AO/nonAO)? 

- How are we going to log activity for troubleshooting in BFO? 

- What happens when power comes back after a UPS failure, especially when an earthquake 

had been previously detected? 

- With the network down, Use Case A1: Telescope and Facility are Secured, do we want to 

still send personnel notification to such a wide distribution list?  

 


