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The Carbon Wave Glider (CWG) was conceived to study upper ocean carbon cycle processes at submesoscales (<1 km), including: air-sea carbon dioxide exchange, ocean acidification, and biological productivity. 

In this document, functional requirements (FRs) define the scientific and logistical goals of the instrument. Design requirements (DRs) provide the specifications needed to meet the FRs. Requirements are provided for both the laboratory test system and a field instrument that will be integrated onto the Wave Glider platform.

Functional Requirements for Laboratory System 
1. Measure seawater dissolved inorganic carbon (DIC) at sufficient precision and accuracy for seawater carbonate chemistry interpretation.
2. Measure the partial pressure of carbon dioxide gas (pCO2) in seawater and ambient air at current quality of carbon Wave Glider system.
3. Operate autonomously once programmed so that sequences for the field instrument can be developed on the laboratory system.
4. Measure sufficiently fast to observe submesoscale chemical structures in the ocean with the field instrument on the Wave Glider moving at typical cruise speeds. 

Design Requirements for Laboratory Test System
1. Mechanical
1.1. The instrument will use a LI-COR 840 infrared gas analyzer as the detector. [FR 1, 2]
1.2. [bookmark: _GoBack]The instrument will exhibit high-precision (~0.2%) fluid sample volume collection and waste ejection. [FR 1]
1.3. The instrument will measure DIC with an accuracy ≤±8 µmol kg-1 and precision ≤±4 µmol kg-1. [FR 1]
1.4. The instrument will include a carbon-stripping chamber for CO2 gas extraction from the sample using acid prior to pCO2 measurement for DIC determination. [FR 1]
1.5. The instrument will equilibrate a closed loop of initially CO2-free air with a seawater sample for pCO2 determination. [FR 1] 
1.6. The instrument will sample ambient air for pCO2 determination. [FR 1]
1.7. The measurement sequence will include a required LI-COR zeroing cycle and an optional calibration cycle with programmable frequency. [FR 1, 2]
1.8. The DIC measurement must take <10 minutes assuming a Wave Glider speed of 0.8 m s-1. [FR 4]
2. Electrical
2.1. The system shall be able to switch between pump and valve sequences for pCO2 and DIC measurement. [FR 1, 2]
2.2. The system shall consume less than x watt-hours per measurement.
3. Software
3.1. System sampling frequency for DIC and pCO2 should be adjustable between every 10 minutes and hourly. [FR 3, 4]
3.2. Incorporate sample temperature and salinity into data logging. [FR 1, 2]
3.3. The duration of flushing prior to sample injection shall be adjustable (pump cycles). [FR 3] 
3.4. The sample volume shall be adjustable to keep CO2 within LI-COR range. [FR 1]
3.5. The duration of equilibration shall be adjustable (air pump cycles). [FR 2, 3]
3.6. The frequency of calibration shall be adjustable. [FR 3]
3.7. The software will have either a menu-drive user interface or command-line interface with a help function listing all available commands required to deploy and recover the system. [FR 3]
3.8. Test commands to exercise all functions of the software must be available for pre-deployment checkout. [FR 4]

Additional Functional Requirements for Field Instrument System
1. Operate without maintenance for deployments lasting up to 4-6 months.
2. Function on the Wave Glider platform (weight, volume, power, autonomy).
3. Include capacity for feature identification and targeted sampling.
4. The CWG shall be operated and maintained by non-engineering personnel, such as technicians and research assistants.

Additional Design Requirements for Field Instrument System 
1. Mechanical
1.1. Collect a high precision volume of water from the upper ocean on a moving platform without entraining bubbles [FR 2]
1.2. Fit within Wave Glider footprint. [FR 2]
1.3. Resist biofouling. [FR 1, 2]
2. Electrical
2.1. The system battery must have capacity to operate the system for at least 4-6 months ~continuously. [FR 3]
3. Software
3.1. The system shall have storage to hold data for at least 10 samples between data transmissions. [FR 3]
3.2. The system shall transmit data to shore on a regular interval when deployed. [FR 6]
