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Upgrade Plan
All of the systems on MARS suffer from some deficiency or fault. That is not to say the Observatory is nonfunctional but it could be better.
Due to the COVID 19 situation (limited vessel operations), user base and the risk involved (connector failure) in recovering the MARS node this upgrade has not proceeded. Purchasing of long lead items has occurred and testing of the mini node with many of the new components of the upgrade are included particularly timing and routers/data transport and out of bands communication. All of the conditions below remain valid and will be addressed with the upgrade.
 Item 8) below has been under investigation for possible solutions and at the same time, investigation into replacement hardware to fix items 2, 3 below. Replacement hardware for the node electronics is not possible, obsolete components are not available. University of Washington Applied Physics Laboratory (UW APL) offered a solution to both issues. They would use software and hardware currently deployed in the Regional Scaled Observatory (RSN) modified to be compatible with the current MARS topology. The node when recovered would be shipped to UW APL where they would install the new hardware and test the system against the new software. The MARS observatory group Kelly PI, Dawe PM/Tech, Thompson Tech and French Tech would be responsible for installation of the new connectors, data transport, Out of Bands Communication and new timing systems.
Cost for the UW APL portion of the upgrade would be: 				$380,000 to $430,000
The above would include as noted, installation and testing of the hardware and software at UW and a site visit for final integration and testing at MBARI. A formal quote has not been generated hence the range. 
A new housing for the Medium Voltage Converters is also requested as part of the upgrade:
Material costs: 	13.25 OD x 12 ID x 30.125 Ti Billet includes trepanning, slug,
		Delivery & tax							$24,150
		1.5 x 13.25 D X 2 Ti end caps					$3565
Labor	2.5 wks	machine shop	(estimate)					$5775
							Total			$33490
An ODI test hybrid connector would need to be purchased now that the MOBB project was not funded.
											$60,000
Based on projections of income vs expenses till the end of the current award Feb 28 2021 remaining funds in the MARS budget will be approximately $166,000. These funds could be applied to a contract with UW to begin work on the software and electronics prior to years end. Adjustments to the schedule have left one opportunity to recover the node, late fall 2020 (Dec 1), timing wise this would work well with UW’s work schedule.
A new award would be applied for to begin Mar 1st 2021

1. The Monterey Ocean Bottom Broadband (MOBB) group from the Berkeley Seismological Laboratory first noticed the timing system to have issues. Unexplained jumps in the timing hindered using the system for additional research efforts. To that end, it is proposed to replace the current timing system with a simple 1pps signal from a Meinberg Lantime 600 GPS clock. The 1PPS signal will be transported to the node using a dedicated fiber and distributed using hardware (to be built) compatible with the current time distribution system. This clock also acts as a Grand master to distribute IEEE1588. In addition to the above, a Meinberg Sync Box/N2X (conditioned by the IEEE1588) installed in the node will provide backup 1PPS timing if the GPS system fails. The distribution board above senses the incoming 1PPS signal and switches on loss of signal to the backup.
2. Since installation, three of the eight science ports have experienced a condition where the seals did not close after a disconnection of an experiment plugged into the system. The issue was brought to the attention of the vendor (Teledyne ODI) at the time. They were not too concerned but did provide hermetic plugs for the ports to seal them against water ingression. These connectors need to be removed and returned for service/repair or replaced (cost included in the Expense Estimate below). One of the connectors (port 4) has a ground fault on the 375vdc channel. 
3. Port 6 has no 48vdc channel. The cause of this is unknown and will be investigated once the node electronics is back on shore. 
4. The routers currently used in the MARS node and lab are 15yrs old. There has been a failure in the lab system. The age of this equipment also predates implementation of IEEE1588, Precision Time Protocol (PTP). New routers have been procured, configured and tested against known deployed instruments/experiments. PTP (sub uSec accuracy) will improve timing available via network distribution from the current NTP (1-10mSec)protocol.  PTP will condition the Syncbox/N2X as well, creating a backup source for 1PPS timing. Installation of the new routers will reduce heat generation in the node by a factor of 5.
5. Originally, the MARS node was deployed with a “prototype” Medium Voltage Converter. The production version of this supply was delivered and commissioned by Alcatel 2010. At that time, it was indicated that as the system aged it would take longer to “turn on”. The prototype converter with each power cycle takes longer to start. It was planned to replace it. This plan has been modified based on a recent failure on the ONC Neptune system, advice from the cable vendor, Alcatel and destructive testing of the connector by the vendor, Teledyne ODI. Teledyne ODI verbally recommended lowering the input voltage, initially to 300-600vdc. Eventually, they agreed to maximum of 1500vdc. New power supplies will need to be acquired to achieve this. Schaefer Power produces a unit that is installed in the ONC Venus system and the early warning tsunami subsea system in Cyprus along with other similar systems around the world. Two 1500W units would be required for MARS. A spare set would be desirable. The overall capability of the MARS system will be reduced from its current 7500W to 3000W. The past power usage with 7 of 8 ports occupied has been well below this threshold. In the 4th quarter of 2009, Sensors CTD, Monterey Ocean Bottom Broad Band (MOBB) seismometer, DEIMOS EK60, Eye in the Sea (EITS), Free Ocean CO2 Enrichment (FOCE), Environmental Sample Processor (ESP) and the ROVER a mobile benthic instrument platform were connected to MARS at the same time and had a peak draw of 1400W. The control system draws approximately 500W as configured. The upgrade will reduce that to less than 200W. Power distribution management is required especially after a system restart to avoid any brown out issues and is currently how power is applied on the MARS system.

6. All of the eight science ports on the system support:
a. 375 vdc 
b. 48vdc
c. 10/100BaseT Ethernet
d. 1Pulse Per Second timing signals
e. 1 twisted pair held in reserve
On one of the ports, it is proposed to delete the 48 vdc and move the 1PPS signal to that pair. This would free up two twisted pair to allow for implementation of 1000baseT Ethernet on a port. This is a simple change that has been tested using lab hardware and found to meet the specification for Ethernet transmission. The test results (4) are attached at the end of this memo. This change would support future instrumentation that requires higher bandwidth such as 4k imagery. This could also allow for expansion in the future by creating a higher bandwidth port. Any auxiliary voltages including the 48vdc can be generated in a Science Instrument Interface Module (SIIM) as is currently done.
7. Much of the data transport system was designed around equipment available 15yrs ago and the desire to test transport schemes. Amplifiers (EDFA) are not required with newer fiber optic equipment proposed for this upgrade. Dense Wave Division Multiplexing (DWDM) equipment is not needed with the data scheme currently employed. It is proposed to remove this equipment from the node. This has two benefits; firstly the heat generated in the node will be reduced (see 4 above) and secondly, the system will be simplified adding to the reliability. The current Out of Bands Controller (OBC) uses four of the eight fibers to create a “Back door” into the Node Power Controller (NPC), Routers, Network Electronics DWDM gear, EDFAs and the timing system. It is proposed to replace the OBC with an Ethernet/Serial converter to connect to the routers, the NPC and the Meinberg Sync Box. A separate fiber will transport the 1PPS signals using COTS equipment (see 1 above).
8. In conjunction with the hardware upgrade on the MARS node, a project should be undertaken to upgrade the software running the system. The software is currently a mix of packages running on a very old operating system (OS). The OS for the server platform runs Red Hat Enterprise Linux 2.1, 2009 was its end of production. The user interface is written in Visual Basic 6, support ended in 2008. A scoping project to address this issue was requested for 2019 via the MBARI proposal process but was turned down due to limited internal resources. I propose to generate a specification and do a Request For Proposal from vendors. 


Risk

In any project that requires development there is a certain amount of risk. To mitigate this risk, as many Commercial Off The Shelf (COTS) components will be used. 

Item 1, the new 1PPS timing system will require a new output driver card but will be utilizing the current design. This board will distribute timing (1PPS) to the science ports. The only new development in this area will be a switch that senses if an input is present and switches to the back up if the primary signal is unavailable. The other hardware components of the timing system are COTS devices; Meinberg GPS Lantime 600 / Syncbox N2X for IEEE1588 (Precision Time Protcol), A.A. Lab Systems AFL-300(1) 1PPS Tx/Rx unit, both of which will be tested and evaluated using the Mininode. 

Item 2 presents a risk if left un-serviced. Future failures may be just on the brink. Sending suspect connectors back to ODI for service along with any recommendations from ODI for the system will reduce this risk.

Item 3 is TBD, what has failed is unknown.

Item 4. The new routers/switches (Cisco/Lantech 5408) for the MARS system are in house and are setup to match the current configuration. This setup has been tested in the lab against previously deployed devices. These are COTS devices. The serial communication (back door) to subsea devices (routers (2), Node Power Controller, Sync Box) will be achieved using Digiport TS4 serial converters connected to Cable Rack Ethernet/FO devices. 
Much of the currently installed data transport system will be replaced or removed to simplify the system and reduce the heat dissipation requirements. Modern fiber optic transport devices do not require additional schemes to amplify the transmitted signals. The original MARS plan was to have it built as if it were part a larger system with branching nodes and data distribution. The upgrade plan will support expansion by virtue of two spare fibers being available but would require some switching equipment and Wet mate-able connectors to achieve gigabit Ethernet and kWatts of power) (2). Removing the added components to achieve that goal will simplify the system and reduce the heat generated by the components. An evaluation of the heat issues may reduce the need to use fluorinert (3M FC77) to remove heat from the system. Fluorinert has potential to be dangerous if exposed to high temperature such as from an electrical fault. Handling FC77 after such a fault requires special equipment and testing from a third party lab. Handling the material if it has become dangerous also requires third party intervention to neutralize it before work can be started. Removing FC77 from the system greatly reduces the chance of exposure to a dangerous substance.

Item 5 above is the biggest change to the system. The design will utilize Schaefer Power Medium Voltage Converters(3) (COTS), which have a deployment history in the Venus System (ONC), the early warning tsunami subsea system in Cyprus and other similar systems around the world. The shore power will be replaced with a TDK Lambda 1500 volt supply (COTS). 

Item 6 Port upgrade to Gigabit Ethernet or Fiber Ethernet presents very little risk to the system overall but does increase functionality and expandability. See options section below for more details.

Item 7 Simplification of the data transport system. All of these changes can be tested on the WNS and the Mini-node here at MBARI and should present very low risk to the deployed system.

Item 8 Any new software introduced to the system can be thoroughly tested on the WNS and the Mini-node and should present very little risk to the system.

The most substantial risk to the system is mating cycles on the main power connector. Regardless of testing by the vendor, cycling these connectors presents huge potential impact on operations, on budget, and on the ability to conduct science.
	The cycle required to install the mini-node could cause the system to fail.
	The cycle to install the refurbished main node could cause the system to fail.
If the connector fails, a cable ship will be required to:
1. Recover the main node electronics and upgrade where needed and prepare it for a penetrator option rather than a connector.
This option would require a cable ship to recover the main trawl resistant frame and cable from the seafloor, remove the existing CTA and splice on a section of submarine cable fitted to the node electronics. The system would be down for at least 12 months.
2. Shutdown MARS and recover the main trawl resistant frame and cable for the complete 51km. Remove the subsea expression where the cable comes ashore. Additional operational days are required to recover the attached projects, currently four with three more scheduled before the end of the year.
Options
Item 2
Buying new connectors as opposed to refurbishing the existing connectors has several advantages. 1) All aging parts are gone reducing the risk of future failures. 2) The connectors are not part of the critical path (Teledyne ODI lead times are typically > 6mo) in getting the primary node upgrade completed and reconnected to MARS.
Item 5
Sparing the MVC is a good option especially during the testing of the upgrade and provides insurance against future issues.
Item 6
An option to this upgrade would be to replace the 12way copper ODI connector with a hybrid FO connector. This would achieve the bandwidth increase and allow instruments or clusters of instruments to be placed at large distances from the MARS node. This possibility was discussed with the MOBB team (seismometer) and the passive acoustics people (Ryan/NPS) to create a “quite zone” near the MOBB site, 3.2 km from MARS.
Expense Estimate
Item 1
	All items in stock
Item 2
	Based on past service repairs by ODI this could range from $5000 to $9000 per connector (10)
	Replacement cost for each Science Port assembly (3) $14000
	Replacement cost for FO and HV assembly TBD
Item 3
TBD If the failure is on one of the “Flight” printed circuit boards this would require repair or replacement, there are no spare Flight boards, these would require manufacture. Est $2500
Item 4
The routers and switches are in stock (purchased on the grant). Two sets, one for the mini-node and one set for the upgrade. The mini-node set were intended to be used in the Wet Node Simulator (WNS) after recovery, these should be spared and the mini-node left intact. 2 x $1300
Item 5
The existing Alcatel MVC needs to be replaced in order to work within the recommendations of the connector vendor ODI. Schaefer Power manufactures a COTS K1846-L (left/right) 1.5KW MVC module. One of each is required to produce 3kW. 2 x $61000, heatsink, plus aux equipment $3000. 
In order to replace the power supplies and the data transport system in Item 4 above, testing of the fluorinert is required. Testing carries some risk and expense. If the test are positive for HF contamination, the risk grows but is manageable with technical support within MBARI (Marine Chemist). The remaining fluorinert can be recycled to 3M along with the excess from the MARS build.
Item 6
There are no costs to this item as described; If the option to add a hybrid under water mate-able connector as one of the ports is chosen, MBARI has surplus connectors (min 2 pair) that were part of a now completed and recovered effort. These connectors would require refurbishment by the vendor. This cost is similar to the refurbishment of the copper connectors $5000 to $9000 per connector 
Item 7
	There are no additional costs for this upgrade.
Item 8
Eventually, a software upgrade will be required unless the existing hard exceeds the life of the MARS system. This is not a likely scenario. Internal estimates to do the work are 1.5 man-years. More details to follow once a specification has been generated and sent out to vendors.


Total upfront costs that could be captured in the 2019/2020 project year:
	Item 2	Science Port assembly (3) $14000			$42,000
	Item 3	PCB (XLC External Load Control Board) manufacture 	$2,500
	Item 4	Ethernet switches for WNS				$2,600
	Item 5	New MVC  X2 						$125,000
		Spare MVC set	optional						$125,000
	Item 6	Refurb Hybrid connectors				$36,000
	Total								$205,100	$330,100

Refurbishing the existing connector set on the node (8 Cu,1 HV, 1FO)est		$90,000
Penetrator connection to MVC/LV housings					$25,000		


(1) http://www.lab-systems.com/products/fib-opt/afl300/index.html
(2) As is the case currently, it is possible to expand to branching and HV distribution but would require a recovery of the node and additional HV switching, fiber optic connectors and HV connectors .
(3) https://www.gensysdcstore.com/collections/gen-3u-15kw-full-rack/products/gen1500-10
(4)  Ethernet Gigabit Test
Purpose:
This was an exercise to determine if it was possible to run gigabit through:
1. MIN-K-10L connector pairs on 70 meters of subsea cable
2. Cable above and a mated ODI connecter pair.
It was not meant to be a qualification.
What Was Tested:
1. Terminated both ends of a 70 meter piece of Falmat FM022208-11FA with MIN-K-10L CCP connectors.
2. Made up two cables by cutting a standard 15 foot Ethernet cable and terminating both halves with a MIN-K-10L BCR connectors.
3. Borrowed ESP’s ODI 12-way ROV bulkhead connector that has the network cable terminated in a RJ45 connector.
4. Used a MARS 10 meter long 12-way ROV connector to bulkhead penetrator that has the network cable terminated in an RJ45

The connection to the ODI connectors was unchanged from MARS but some pin functions were redefined.  The twisted pair utilized for 1PPS was used for network.  The twisted pair on pins 1 and 2 was also used as a network connection (normally unused).
The pinout used for the MIN-K-10L was different from any of the existing cables.  The pinout was selected to help optimize wiring of the twisted pairs.  The following pinout was used for the MIK-K-10L:

1 Power +
2 Bi-directional pair A+  Twp #1 (org)
3 Bi-directional pair B+  Twp #2 (grn)
4 Bi-directional pair A-  Twp #1 (wht)
5 Bi-directional pair C+  Twp #3 (blu)
6 Bi-directional pair B-  Twp #2 (wht)
7 Bi-directional pair D+  Twp #4 (brn)
8 Bi-directional pair C-  Twp #3 (wht)
9 Bi-directional pair D-  Twp #4 (wht)
10 Power –
Two forms of testing were preformed.  The first was a test with a Fluke DSP4000 CableAnalyzer to determine basic quality of the cable assemblies.  This was followed by a series of network data transfer tests done with a pair of Acterna FST-2802s.

There were four series of Acterna tests done.
1. 70 meter length of cable with a mated pair of MIN-K-10L at both ends with no power
2. 70 meter length of cable with a mated pair of MIN-K-10L at both ends with power
3. Same as 1 with addition of a mated pair of ODI 12-way ROV connectors
4. Same as 1 with addition of a mated pair of ODI 12-way ROV connectors

The power that was applied to the power pins came from a Vicor 48 volt to 12 volt convertor.  No filtering was used on input or output.  A resistive load of 5 ohms was used on the far end of the cable.
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	2 - MIN-K-10L with power
	1
	
	100
	
	117696
	
	1024
	
	964.2
	
	1448720475
	
	1.48349E+12
	
	1448426855
	
	1.48319E+12
	
	10

	
	
	2
	
	100
	
	117696
	
	1024
	
	964.2
	
	1448426855
	
	1.48319E+12
	
	1448720475
	
	1.48349E+12
	
	14

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3
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