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1) Introduction and Summary
The Satlantic Hyperpro System is a matched set of 3 hyperspectral radiometers and a profiling frame, which also contains instruments to measure conductivity, temperature, and pressure. On the profiler (figure 1), one radiometer is pointed upward, to measure downwelling irradiance (Ed), while the another is pointed downward, to measure upwelling radiance (Lu). The third radiometer is mounted on the ship (figure 2), to measure incoming solar irradiance (Es). The profiling package is deployed behind the ship, and free-falls at approximately 30 cm/sec. 

The three radiometers have a spectral range from 305 to 1150 nm, with 255 wavebands, every 3-4 nm. They were specially calibrated at the factory from 305 to 1150 nm instead of the standard 350 to 800 nm. Each features a spectrometer with 16 bit digital to analog converter and 25 bit dynamic range (HyperOCR operator’s manual).



2) Calibration/Maintenance

2.1) Manufacturer calibrations/coefficients

All radiometers were calibrated on January 15, 2014. The temperature, salinity, and depth sensors were calibrated on Aug.12, 2011. All calibrations were performed by the manufacturer in Halifax, Nova Scotia.


2.2) Self calibration methods and results

The radiometers were not calibrated in the field.





3) Deployment

3.1) Measurement methods

Profiles were made at each station when conditions were favorable. The deployment coincided with IOP measurements and a CTD cast, with water taken for later analysis. The ship would first be positioned such that the sun was behind the stern, then the profiler would be cast into the water and positioned 15 to 25 meters behind the ship before profiles were made. Because many stations were in the Southern Ocean, the casts were often made in challenging conditions. This necessitated deviations from normal procedure; in particular, the ship always kept the engine engaged, slowly moving forward to keep some distance from the profiler.

A series of free-fall casts would begin, using the multi-cast method when conditions warranted (Zibordi, et al 2011). The solar reference radiometer was mounted on a telescopic mast situated above the rear deck, away from other superstructures.


3.2) Package design

The profiling package is designed to maintain a stable orientation through the water when in free-fall. It has a weighted nose-cone and syntactic foam near the instruments. The ballast was adjusted to maintain a ~30 cm/sec descent rate.

[image: atlantic Free-falling Optical Profiler]Figure 1: Profiling portion of the Hyperpro system. Ballasted nose-cone at the bottom, Ed radiometer on upper left, Lu radiometer upper right. Between the radiometers are the conductivity and temperature sensors and the power/data conversion unit.
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Figure 2: Surface radiometer mounted to telescoping mast.


4) Data processing

4.1) Data analysis

The data was first processed to level 2s using Satlantic’s ProSoft software, version 8.1. The appropriate calibration files were loaded, and the parameters shown in table 1 were chosen. The result is time- (Ed, Es) and depth- (Ed, Lu) matched radiometric values.



Table 1: ProSoft parameters used in processing files
	Thermal Correction
	On

	Surface Edit
	On

	Profile Edit
	On

	Multicast Profile
	On

	Min Wavelength
	305 nm

	Max Wavelength
	1150 nm

	Auto Dark Correction
	Shutter

	Dark Bins
	N/A

	Shutter Dark Deglitch
	Off

	Deglitch Profiler Data
	Off

	Profiler Noise Threshold
	N/A

	Upper Depth Level
	0 m

	Lower Depth Level
	250 m

	Deglitch Reference
	Off

	Reverence Noise Threshold
	N/A

	Auto Edit
	On

	High Tilt
	5°

	Low Velocity
	0.1 m/sec

	Minimum Pressure
	0 m

	Maximum Pressure
	250 m

	Depth Resolution 
	0.10 m



The level 2s files were processed further using Matlab to eliminate data near the noise level of the in-water radiometers: 0.001 μWcm-1 for Ed, 0.00006 μWcm-1 for Lu, and 0 for Es, determined empirically. Most of the data eliminated were in the UV and NIR range. 
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Salinity was calculated from conductivity, temperature, and pressure using the equation of Fofonoff and Millard (1983). The individual successive downcasts were combined, and the timestamp was configured for Seabass input.

Solar zenith angles were calculated from GPS data, and are included in the metadata header of each cast. 
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