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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, 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, 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 300 to 900 nm, with wavebands every 3-4 nm. They are calibrated at the factory from 350 to 800 nm. Each features a spectrometer with 16 bit digital to analog converter and 25 bit dynamic range (HyperOCR operator’s manual).

The WET Labs ECO bb3-551 is a scattering sensor. It measures the volume scattering function (VSF) at three wavelengths and one angle. It uses three individual light emitting diodes (LEDs) as sources with the corresponding detectors at the same angle. The path lengths and chi factors to convert a VSF measurement to a backscattering coefficientare the same for each source-detector pair. The specific characteristics of this sensor are listed below:

	Specification

	Wavelength, λ (nm):
	469, 529, 652

	Angle, θ (deg):
	124

	Path length, ℓ(m):
	0.0391

	Chi factor, χ1:
	1.076



2) Calibration/Maintenance

2.1) Manufacturer calibrations/coefficients

[bookmark: _GoBack]The calibration applied to this data set was performed on July 19, 2012 at WET Labs, Inc. research department in Narragansett, RI. It was done using 0.1 μm NIST-traceable polystyrene microspheres. All radiometers were calibrated on Dec 13, 2012. The temperature, salinity, and depth sensors were calibrated on Aug.12, 2011. All calibrations were performed by the manufacturer in Halifax, Nova Scotia.

The results of this calibration are shown below:

	Wavelength–Angle
	Scaling Factor
	Dark Offset

	λ = 469 nm – θ = 124°
	1.25791e-05
	57.6628

	λ = 529 nm – θ = 124°
	7.64091e-06
	53.6395

	λ = 652 nm – θ = 124°
	3.52802e-06
	49.6977



2.2) Self calibration methods and results

WET Labs ECO sensors do not require field calibrations.The radiometers were not calibrated in the field.





3) Deployment

3.1) Measurement methods

Profiles were made at each station. 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 over the starboard rear quarter, then the profiler would be cast into the water and positioned 15 to 25 meters behind the ship before profiles were made. A burst of the ship’s propeller was sometimes needed to establish the distance between the ship and the profiler.

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

Measurements were made with this instrument at each station, on both the unfiltered ac-9 and filtered ac-9 casts. All measurements were made in the same manner.

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.

This instrument was attached to the instrument cage in a location that was protected from “seeing” any part of the cage or other instruments. It was connected to a WET Labs DH-4 that acted as power distributor and data collection device. The package was powered through the DH-4 by batteries.

4) Data processing

4.1) Data analysis

Data processing began by binning the raw data to 1 cm depth bins. Processing the VSF data required the corresponding temperature and salinity values from the CTD and the absorption and scattering coefficients from the ac-9.All calculations are performed for each of the three wavelength-angle combinations. The processing steps and the equations used are listed below: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
	350 nm

	Max Wavelength
	750 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 
	0.05 m




The level 2s files were processed further using Matlab to eliminate data near the noise level of the in-water radiometers: 0.015 μWcm-1 for Ed, 0.0003 μWcm-1 for Lu, determined empirically. Most of the data eliminated were in the UV and NIR range. 

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.The scaling factor and dark offset from the instrument calibration were applied to the raw count to obtain the total volume scattering function.



The total volume scattering function was corrected for absorption using the corresponding absorption coefficient and the specific path length.



The volume scattering function of seawater2 was subtracted from the absorption-corrected total volume scattering function to obtain the volume scattering function of the particle field only.



The particulate backscattering coefficientwas estimated using the chi factor, χ.



The backscattering coefficient of seawater2 was added to the backscattering coefficient of the particle field to obtain the total backscattering coefficient.




Solar zenith angles were calculated from GPS data, and are included in the header file of each cast. 
4.2) Quality control

Processed data was reviewed by eye for any evidence of contamination by bubbles or potential interference from the instrument package. No such contamination was found to be present.
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b(λ)bp = 2π *β(λ)p * χ
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bbt = bbp + bbw
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β(124,λ)tot = SF(124
,λ)*(V (124,λ)−DO(124,λ))
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β(124,λ) = β(124,λ)tot *e
(*agp )
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