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System Functional Requirements




	
	Must
	Should
	May
	Other
	Specification

	System Functional Requirements
	
	
	
	
	

	PERFORMANCE
	
	
	
	
	

	Maintain -0.5 pH offset 
	Y
	
	
	
	relative to environment 
accuracy/precision?
@  VH20 internal= 5 cm/sec

	Maintain specified pH value 

	Y
	
	
	
	7.0 < pH < 8.2 
independent of ambient pH internal <= 5 cm/sec

	Maintain specified VH20
	Y
	
	
	
	2-5 cm/sec 
Accuracy/precision?

	
	
	
	
	
	

	ENVIRONMENTAL
	
	
	
	
	

	Max depth
	Y
	
	
	
	40m (130 ft)
Note diver-servicable requirement
Not suitable for active surf, river mouth 

	Water temperature range
	Y
	
	
	
	-2 to 30 degrees C

	Bio-fouling protection/prevention
	Y
	
	
	
	Hard to spec,
Can document recommendations
Environmental requirements trades (e.g. toxicity)
Ties to reliability and maintenance (is a maintenance schedule issue)
e.g. passive, Cu…

	Min external VH20
	Y
	
	
	
	0 cm/sec

	Max external  VH20
	Y
	
	
	
	50 cm/sec

	Min internal  VH20
	Y
	
	
	
	2 cm/sec

	Max internal  VH20
	Y
	
	
	
	5 cm/sec (90% sci goals met, decreases CO2 consumption)

	Min/max surge
	Y
	
	
	
	Must work in some surge conditions. Surge is mostly moving water back and forth in chamber – should not affect control (?)






	
	Must
	Should
	May
	Other
	Specification

	System Functional Requirements
	
	
	
	
	

	CORE INSTRUMENT SUITE
	
	
	
	
	

	Experiment pH 
	Y
	
	
	
	1 per experiment, 1 per control
Electrical and communications interfaces?
Is reference measured in ambient? Control? 

	Experiment CTD 1:2
	Y
	
	
	
	

	Experiment DO2 1:2
	Y
	
	
	
	

	Experiment H2O flow (velocity)
	Y
	
	
	
	Sci wants to know how much (low pH) water has flowed through over time period, and in which direction.
Could use inexpensive flow meters instead of velocimeter.
2D OK
Either volume or velocity
Not both
Range, precision, rate

	Experiment H2O flow (volume)
	Y
	
	
	
	Either volume or velocity
Not both

	Control pH 1:TBD
	Y 
	
	
	
	Control vs external

	Control CTD 1:TBD
	Y
	
	
	
	

	Control DO2 1:TBD
	
	Y
	
	
	

	Control H2O flow (velocity)
	
	Y
	
	
	

	Camera (time lapse video)
	Y
	
	
	
	Must support, but not required for all applications
How will video be used?
Frame rate 10 frames/min
Resolution: publication quality (e.g. HD, Coolpix…5-12 MP)
Supplement to measurement data

	Light panel
	Y
	
	
	
	Required for camera
Output, angle, power…

	Thruster(s)
	Y
	
	
	
	Quantity: 1 min, app-specific, number and type may change
Spec Depends:
 VH20 range
pH offset range

	ESW injector(s)
	Y
	
	
	
	Quantity 1 min; depends number of thrusters, use of valves
Spec Depends:
pH offset range
deployment duration

	ESW valve(s)
	Y
	
	
	
	Depends on injection design

	ESW pH
	
	Y
	
	
	Useful when at end of ESW supply to modify feed algorithm

	ESW CTD
	
	
	
	X
	Not required

	Instrument expansion capability
	
	Y
	
	
	Should, but not core 
Number, type?

	
	
	
	
	
	






	
	Must
	Should
	May
	Other
	Specification

	System Functional Requirements
	
	
	
	
	

	OPERATION
	
	
	
	
	

	Small-boat deployable
	Y
	
	
	
	Zodiac/whaler

	Diver serviceable 
	Y
	
	
	
	Installation, cleaning, instrument replacement, recovery

	In-situ replaceable instruments
	
	Y
	
	
	Must for pH (cal) 
Others should?
Maintenance schedule

	sealable chamber
	Y
	
	
	
	Remotely operated is requirement?

	In-situ pH calibration
	
	
	Y
	
	Depends on cost trade
Nice to have

	Deployment/experiment duration
	
	
	
	
	Duration of experiment and deployment

	Operate continuously 
	Y
	
	
	
	Runs overnight w/o monitoring min

	Operate autonomously 
	
	
	Y
	
	Set it up and run it, but person in loop to correct anomalies
…requirements for event detection and/or data visualization

	Maintenance schedule
	
	
	
	
	Will depend on application, ranging from every day or two (e.g. at start of shallow experiment) to every few days, with periodic system checks.






	
	Must
	Should
	May
	Other
	Specification

	System Functional Requirements
	
	
	
	
	

	DATA MANAGEMENT
	
	
	
	
	

	Data logging (remote side)
	Y
	
	
	
	
Requirement is that all data must be recorded (independent of telemetry function) and available at end of experiment.
Full-resolution science and system data (for forensic reconstruction of events/anomalies)
Must be independent of telemetry 


	Adjustable device sample rates
	
	Y
	
	
	Must be able to set sample rates to provide best resolution for diagnostics, and lower sample rates for logging and performance.
See data logging rates below

	Data logging rates (core instruments)
	Y
	
	
	
	TBD…
CTD, pH, velocity/flow
Rates up to 2 Hz (10 Hz?)
Must support system and science data stream rates
Depends on environmental conditions, velocity sampling strategies

	Data archive (shore side)
	?
	?
	
	
	Split opinions – must vs should
Single point of failure/enabler
Vs
Not strictly required to do FOCE
Part of system to get data to shore
Maybe not automatic
Maybe very low tech (scp)
Cost vs value

	Data log format
	
	
	
	X
	Timestamped data
Any format OK as long as complete, robust.
If not human readable, need tools to access records.
Segmented logs?
Must be able to request specific records using specified time range(s) or number of records

	Data log capacity
	X
	
	
	
	Must record all science and  system data for 6 month deployment.
Depends: data rates, number of streams, sample rates, data log format

	Near real-time telemetry
	Y
	
	
	
	Full data resolution if possible, but all data must be recorded even w/o telemetry link.
Must provide data required to assess health and status of experiment.
Rate: best effort to reflect full-resolution logged data.

	Telemetry data summarization
	?
	Y
	
	
	Data telemetry must support system health and status reporting. 
Should make best effort to reflect full-resolution logged telemetry, but this is not required.
Alarm is summary
Some form probably needed

	Near real-time data visualization
	?
	Y
	
	
	Must be able to see from shore whether the system is working.
What does it mean to be working?
How do we tell?
What streams?
How often updated?
Should, but not must?
What is cost?



	
	Must
	Should
	May
	Other
	Specification

	System Functional Requirements
	
	
	
	
	

	DATA MANAGEMENT
	
	
	
	
	

	Event detection and notification
	
	Y
	
	
	Should do if telemetry
Data telemetry must support system health and status reporting. 
Other event detection and reporting would be great, but not required.
What events? Sci or Sys-only?

	Timestamp data
	Y
	
	
	
	Need to correlate data streams in memory
Accuracy? Precision?


	Time distribution
	
	
	
	
	How often to synchronize clocks
How to distribute time signal?
Do we need to distribute time signal? 
Is there more than one clock in the system?

	Timing determinism
	Y
	
	
	
	~0.5 max sample rate – Nyquist freq.



	USER INTERFACE
	
	
	
	
	

	System configuration and control 
	Y
	
	
	
	Supports:
Power management
Data stream read (instantaneous)
Instrument config?/mgmt
Control tuning
Experiment control
Retrieve data logs
pH cal?

	Data visualization
	Y
	
	
	
	Supports:
Power management
Data charting (time series)
Experiment control
Control tuning
pH cal?

	
	
	
	
	
	

	POWER MANAGEMENT
	
	
	
	
	

	Total system power
	
	
	
	
	Minimize…
Depends: power system implementation choice
Amount of water moved

What does current FOCE actually use?

TBD Watts

	Max inrush current
	
	
	
	
	Need spec (like sys power)

	Input voltage range
	
	
	
	
	“

	Input current range
	
	
	
	
	“

	Monitor individual load voltages and currents
	
	
	
	
	Range?
Rate/resolution/accuracy?
In hardware must
Operator monitoring should

	Monitor bus voltages and currents
	
	
	
	
	Range?
Rate/resolution/accuracy?
In hardware must
Operator monitoring should

	Switch individual load power
	Y
	
	
	
	Must be maintainable

	Switch bus power
	
	
	
	
	

	
	
	
	
	
	

	RELIABILITY
	
	
	
	
	

	
	
	
	
	
	










System Design Requirements 


	
	Must
	Should
	May
	Other
	Specification

	System Design Requirements
	
	
	
	
	

	TELEMETRY
	
	
	
	
	

	Support wired communication to shore
	
	
	
	X
	Requirement is for some type of communication to shore; this is an implementation option

	Support wireless communication to shore
	
	
	
	X
	Requirement is for some type of communication to shore; this is an implementation option

	Support TCP/IP protocols
	
	
	
	X
	Requirement is for some type of communication to shore; this is an implementation option

	Support 10BaseT Ethernet or better
	
	
	
	X
	Requirement is for some type of communication to shore; this is an implementation option

	Support remote console
	Y
	
	
	
	e.g., serial, ssh, telnet

	
	
	
	
	
	

	DEVICE I/O SUPPORT
	
	
	
	
	

	RS-232 device I/O
	
	
	
	X
	Requirement is to support the core set of instruments. 
This is an implementation option.

up to 115200 bps
Number of channels?
Expandable?

	Analog device I/O
	
	
	
	X
	Requirement is to support the core set of instruments. 
This is an implementation option.
Number of channels?
Input range? 
Expandable?

	Ethernet device I/O
	
	
	
	X
	Requirement is to support the core set of instruments. 
This is an implementation option.

	HTTP device I/O
	
	
	
	X
	Requirement is to support the core set of instruments. 
This is an implementation option.e.g. cameras

	Memory mapped device I/O
	
	
	
	X
	Requirement is to support the core set of instruments. 
This is an implementation option.Number of channels?
Expandable?
e.g. enclosure sensors

	USB device I/O
	
	
	
	X
	Requirement is to support the core set of instruments. 
This is an implementation option.

	
	
	
	
	
	






	
	Must
	Should
	May
	Other
	Specification

	System Design Requirements
	
	
	
	
	

	CORE SOFTWARE
	
	
	
	
	

	Use open source/free software
	
	
	
	X
	

	Support IPC (inter-process communication)
	
	
	
	X
	

	Thread support
	
	
	
	X
	

	Support for chosen I/O methods
	Y
	
	
	
	RS232, RS422, RS485 (or other bus), Ethernet, Analog…

	Support in-situ software updates
	
	
	Y
	
	Nice to have

	Support in-situ firmware updates
	
	
	Y
	
	Nice to have

	Support dynamic device driver loading
	
	
	
	
	Start, stop, replace individual instrument drivers


	Support integration of new sensors
	Y
	
	
	
	Requirement is to lower barriers of initial adoption/participation by new users. Make it easy to try FOCE technology, w/ less emphasis on extending or customizing. 
Not strictly required to provide generic mechanism here, but do want to show others an expansion path.
e.g. instrument service framework
Support for serial, analog, Ethernet, multidrop bus
Support for polled, streaming

	Support data pub/sub
	
	
	
	X
	Implementation option
streaming control: Per channel/per device? 

	Support system verification and test
Pre- and post-deployment
	Y
	
	
	
	Must be able to verify that the system is working before (and after) it is deployed

	Enable modification of control algorithms/strategies
	Y
	
	
	
	Must make it easy to tune and adjust control strategy and/or algorithms for various applications
Configurable at minimum

	System data monitoring
	Y
	
	
	
	Update rates? Logging? Telemetry?
Bus voltage(s)/current(s)
Device voltage/current
Over/under voltage conditions
Ground faults
Enclosure Temp
Enclosure Humidity
Enclosure Pressure
Enclosure Water intrusion
Heat sink Temp(s)
Disk, CPU, memory usage
Must be recorded locally
Actual list may depend…

	Support hardware power management 
	Y
	
	
	
	Requirement is to minimize power consumption where possible.
Support whatever modes are available and chosen for selected hardware
sleep modes, clock throttling, etc.

	SOFTWARE LANGUAGE SUPPORT
	
	
	
	
	

	Support C language
	
	
	
	
	Implementation option

	Support Java language
	
	
	
	
	Implementation option

	Support BASIC language
	
	
	
	
	Implementation option

	Support LabView language
	
	
	
	
	Implementation option

	Support a visual prog language
	
	
	
	
	Implementation option

	Support MatLab language
	
	
	
	
	For what?

	Support scripting languages
	
	
	
	
	For what?



	
	Must
	Should
	May
	Other
	Specification

	System Design Requirements
	
	
	
	
	

	INPUT VOLTAGE SECTION
	
	
	
	
	

	Accept input DC volt up to 400Vdc
	Y
	
	
	
	What drives 400V requirement?
Most choose a (common) input voltage … somewhat changeable at low cost.
Requirement: Accept inputs that may be able to down-convert to 48V

	Accept input DC volt up to 50Vdc
	
	
	
	
	`` see above 400V reqmt

	Accept input DC current to x amps
	
	
	
	
	

	Provide galvanic isolation to source
	
	
	
	
	

	Provide inrush limiting
	
	
	
	
	

	Be fused / cicuit breaker
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	LV DC CONVERSION
	
	
	
	
	

	Provide multiple low voltages 
	
	
	
	
	5, 12, 24, 48

	Provide voltage monitoring
	
	
	
	
	Hardware level

	Provide current monitoring
	
	
	
	
	

	Monitor for over voltage to instr
	
	
	
	
	

	Monitor for under voltage to instr
	
	
	
	
	

	Monitor for over current to instr
	
	
	
	
	

	Provide a resettable circuit breaker
	
	
	
	
	

	Monitor for ground faults
	
	
	
	
	

	Provide analog reference voltage
	
	
	
	
	+/- 5, 12 V

	Automatic over-voltage protection
	
	
	
	
	

	Automatic over-current protection
	Y
	
	
	
	

	Ground fault detection
	
	
	
	
	

	Galvanic isolation (per load)
	
	
	
	
	

	
	
	
	
	
	







	
	Must
	Should
	May
	Other
	Specification

	System Design Requirements
	
	
	
	
	

	ENVIRONMENTAL SENSORS
	
	
	
	
	Goal is graceful degradation
And recording context for forensics
[bookmark: _GoBack]Hardware and software

	Provide ambient temp monitoring
	Y
	
	
	
	0.016 Hz (1 min) nominal

	Provide ambient humidity monitoring
	Y
	
	
	
	0.016 Hz (1 min) nominal

	Provide ambient pressure monitoring
	Y
	
	
	
	0.016 Hz (1 min) nominal

	Provide water presence detection
	Y
	
	
	
	0.016 Hz (1 min) nominal

	Provide temp monitoring of various subsystems 
	?
	
	
	
	More specific

	
	
	
	
	
	

	ENVIRONMENTAL
	
	
	
	
	

	Non-toxic
	
	
	
	
	May be required in some applications; no general requirement, but less hazardous is better :o)

	Non-hazardous to animals
	
	
	
	
	May be required in some applications; no general requirement, but less hazardous is better :o)
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