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Introduction

We plan to deploy a string of 5 Satlantic OCR-3000 radiometers on the CIMT mooring deployment scheduled for June 3, 2004.  These will consist of one surface irradiance instrument configured as a network master, and four subsurface instruments (two irradiance, two radiance) configured as network slaves.   Each device returns {ir}radiance values for 137 optical wavelengths. The SIAM driver for this instrumentation string still needs to be written.  Following is a preliminary plan for this driver, and a discussion of issues about this plan.

Questions that need further input (usually from the science users) are in red.

Issues and recommendations are in green.

Proposal

Because of the sheer volume of data these instruments can generate, we propose to send back averages, means, and standard deviations for each instrument/wavelength combination.  Proposed operating conditions:

· Run OCR300 instrument service every 10 minutes for 14 hours per day (sunlight hours)

· Power-on the instrument, wait 10(?) seconds (for instruments to boot, shutters to open, and hopefully for adjustable gain algorithm to stabilize), and then take samples for 30 seconds.

· For each of 5 instruments, for each of 137 wavelengths, calculate and return:

· Mean A/D value

· Median A/D value

· Standard deviation over the mean

· The instruments have an internal shutter, and can be configured to also send “dark” values.  For each instrument/wavelength, calculate and return the mean A/D value.  I assume that median and standard deviation of dark values are not of interest, correct?  In any case, in my experience we’ll only get 2 or 3 dark frames per instrument in the 30 second period, so standard deviation and mean are not terribly interesting.

· Also store (outside the main SIAM data stream, & thus not returned to shore) all the raw data, exactly as returned from the instrument.  Because of size constraints, we may make the decision to only do this for 2 or 4 hours/day.

Calculations

In observing the behavior in the lab, it appears that the string of 5 devices consume approximately 1.5 amps @ 13VDC for about 6 seconds while the shutters are operating and capacitors are charging.  After that time, the consumption drops to an average of (very roughly) 1 amp @ 13VDC.  The latter figure varies from about 0.8 amps to about 1.35 amps.

Power Consumption

Energy/cycle = (1500*6 + 1000*34)/3600 = 11.94 mAH/cycle

Energy/day = 11.94 * 6 * 14 = 1003 mAH/day = 1.003 AH/day

Energy/year = 1.003 * 365 = 366 AH/year

Average continuous current = 1003 mAH/day / 24 hours/day = 42 mA equivalent continuous current

Average continuous power = 42 mA * 13VDC = 546 mW

Data

Data that’s logged in SIAM and telemetered to shore:

Light values: ((137 (wavelengths) * 3 (mean, median, std dev) * 2 (bytes) ) + 37 (overhead)) * 5 (instruments) = 4295 bytes/sample

Dark values: ((137 * 2) + 37) * 5 = 1555 bytes/sample

Bytes/sample = 4295 + 1555 + 60 (SiamDataPacket overhead) = 5910

KB/day = 5910 * 6 * 14 / 1024 = 485 KB/day

= 175 MB/year

Please note that there is also a power cost in telemetering this data to shore.

Raw data stored to disk:
This calculation is much more approximate, because it depends on assumptions about the number of data packets we’ll receive each 30 second sampling cycle.  That’s dependent on the light level, due to adaptive gain (see below).  Here, I assume fairly high ambient light, allowing 24 pkts in 30 seconds.

Raw data/day = 24 pkts * 311 bytes/pkt * 5 instruments * (6*14) samples/day = 3 MB/day.

Raw data/year = 3 * 365 = 1.1 GB/year

Dark Values

There are two potential ways to measure dark currents for the purpose of removing this error source (actually 3, but I don’t understand the use of the “DARK_AVE” field in the data samples).  The traditional way is to take measurements at night and use these as corrective factors.  However, Satlantic has provided a more useful means.  They have an internal shutter that blocks incoming light, and they return a data packet with this shutter activated once every n packets, where n defaults to 5.

The reason this is so useful is that their light measurements use an algorithm called “adaptive gain” (see below), which affects both the light and dark values.  Essentially, they adjust the time over which the sample is taken based on the previous sample.  It’s my observation that, in the lab, the dark values returned via the internal shutter compare very favorably with those obtained by fitting a very tight lens cap over the instrument, given the same integration time.   They appear to be identical within noise limits.  However, dark values are a strong function of integration time, as would be expected.  (Satlantic also reports that they’re also a function of temperature, also expected).

This dependence on integration time is what makes the shutter useful.  The dark values returned via this method use the same integration time as is used for the light measurements, and thus can be directly subtracted from the data  On the other hand, if you were to depend on values obtained at night, the instrument would presumably use the maximum integration time, which in general would be different than that used for any particular daytime reading.

Using the dark values returned every (5) samples should result in more accurate data than taking readings at night for this purpose.  I recommend that we retain this feature and not take readings at night.

I could directly subtract the dark values from the corresponding mean A/D values, thus reporting the corrected means.  This would obviate the need to separately send the dark values, thus reducing the telemetered data size by 27%.  Is this reasonable or desireable?

Calculations:

The OPTIC3 fit-type equation is 

y = Im * a1 * (x – a0) * (Cint / Aint)

where a1 is a gain coefficient and a0 is an offset.  Let’s call this function y = FO3(x)

Satlantic recommends that you process the light and dark values, and subtract the resulting dark (ir)radiances from the light (ir)radiances.  So, if xl is the A/D value for an illuminated data set, xd is the A/D dark value, yl is the resulting light (ir)radiance, and yd is the resulting dark (ir)radiance, then

Corrected value = yl - yd
yl - yd = FO3(xl) - FO3(xd)

= (Im * a1 * (xl – a0) * (Cint(l) / Aint(l))) - (Im * a1 * (xd – a0) * (Cint(d) / Aint(d)))

Now, if Cint(l) == Cint(d) , which is dependent only on the calibration files, but true for all instruments/wavelengths for files we have (Satlantic naturally wants to make this true for better data accuracy), and

if Aint(l) == Aint(d), which as noted above is true by design of their firmware, then this reduces to

= Im * a1 * (xl – xd) * (Cint(l) / Aint(l))

Note that this means we can directly subtract dark A/D values from light A/D values (if the assumptions are met), and that in doing so, we remove the offset term (a0) from the equation.

As noted in red above, this reduces our need to send data to shore (and store it on disk) by 27 %.  But at this point in time I’m assuming the scientists want all the relevant data reported separately.

Adaptive Gain

Adaptive gain is a creative feature that Satlantic designed into their instrument, which extends the dynamic range and accuracy of the equipment.  But it also creates problems for the way we propose to use the instruments.

The instrument has the capability to integrate the light measurement for a variable period of time.  The default configuration has a maximum integration time of 2.048 seconds.  Whe

The instrument, when powered on, starts sampling at the maximum integration time with which it’s been configured.  This is settable from the user interface.  In higher than minimum light conditions (daylight), this saturates the channel.  The instrument then halves the integration time for each sample until saturation no longer takes place.

This has two effects:

1. The first few samples need to be discarded, because the actual value of illumination is beyond the range of the data packet to represent it.  Worse, collecting these samples that need to be discarded takes longer than normal because the integration time is long.  The default configuration has a maximum (hence initial) integration time of 2.048 seconds.  When operating with this int_time, the instrument only sends one data frame approximately every 3 seconds.  The second frame will have an int_time of 1.024, resulting in about 2 seconds between frames.  After that, the frames come about once/second (observed in the lab.  Caveat: I’ve not had the opportunity to try this in full sunlight).

2. Samples taken with different integration times are not directly comparable, so cannot be directly averaged.

Issue: In high light conditions, using the default value of “maxint = 2048”, startup time before we start getting good data (no saturation) is increased by at least 5 seconds.  This represents 16% of our data collection time.

Proposed solution: Decrease maxint to 1024.  Note that turning adaptive gain off, as discussed below, will also solve this problem.

Impact: Reduced accuracy in low-light situations.  This may need to be quantified.

Problems with Changing Integration Times (int_time)

The first impact mentioned above, that the sensor saturates, can be resolved by simply discarding packets which exhibit saturation.  We can do that by either directly looking for “ffff” in the data, or by watching the int_time value and discarding data until it settles on a lower value.

Question: Do we want to discard these “bad” packets from the raw data stream saved to disk?  We don’t want post-processing to use them either.

The problem, though, is that even after the initial settling time (i.e., discarding packets until int_time for the current packet is the same as for the last packet from the same instrument), the adaptive gain algorithm can still cause changes to the integration time; e.g., if a cloud passes by overhead.

Our first inclination was to simply scale the raw data by 1/int_time, and average the resulting values.  But note the following problem in trying to average two raw values:

Mean value = (yl + y2)/2

(yl + y2)/2 = (FO3(xl) + FO3(x2))/2

= ((Im * a1 * (xl – a0) * (Cint / Aint(1))) + (Im * a1 * (x2 – a0) * (Cint / Aint(2))))/2

Note that in this case, the Cint is for the same instrument/wavelength, and so is the same for both functions.  But Aint may change from sample to sample.

Now, if Aint(1) == Aint(2) then averaging the A/D values (xi) results in correctly averaging the scientific values:

= (Im * a1 * (xl +x2 – 2*a0) * (Cint / Aint(1))) /2

=  Im * a1 * ((xl +x2)/2 - a0) * (Cint / Aint(1))

= FO3((xl + x2)/2)

However, if, for example, Aint(1) == 2*Aint(2), then our first inclination is to divide x1 by 2 before averaging it:

(yl + y2)/2 = (FO3(xl/2) + FO3(x2))/2

= ((Im * a1 * (xl/2 – a0) * (Cint / Aint(1))) + (Im * a1 * (x2 – a0) * (Cint / Aint(2))))/2

= ((Im * a1 * (xl/2 – a0) * (Cint / 2*Aint(2))) + (Im * a1 * (x2 – a0) * (Cint / Aint(2))))/2

= ((Im * a1 * (xl – 2*a0) * (Cint / Aint(2))) + (Im * a1 * (x2 – a0) * (Cint / Aint(2))))/2

= (Im * a1 * (xl +x2 – 3*a0) * (Cint / Aint(1))) /2

=  Im * a1 * ((xl +x2)/2 – 1.5*a0) * (Cint / Aint(1))

Note that this is different from FO3((xl/2 + x2)/2) by a factor of 0.5*a0. As we don’t have the calibration file on the mooring controller(1), we simply have an uncorrectable error.

(1) Actually, we typically do load the calibrations into the puck as instrument metadata.  In theory, we could parse that and do all the finished calculations on the mooring.  But doing so would require parsing the metadata XML in the instrument driver; this results in a very complicated driver, and duplicating code that normally exists in the shore-side processing.  This is prone to errors and very difficult to maintain.

Thus, we want to collect data with unchanging integration times.  (Or, as Scott Feener from Satlantic suggests, store multiple means & standard deviations for each instrument/wavelength; one for each integration time.  This would increase my “telemetered data” estimates above substantially).

Potential Solutions

First, note that the effect of adaptive gain that ratchets down the integration time at startup is good, in that it results in the best possible accuracy for existing lighting conditions.  And the software can deal with this by simply discarding data packets until int_time stabilizes.  However, once we start gathering data “for real”, we’d like subsequent data acquisition to take place with a constant integration time.  Solutions

(1) Turn off adaptive gain.  This can be set on each instrument via the user interface (“set adgain off”).  But this discards the advantage mentioned above.

(2) Set the algorithm to only ratchet down, not up.  This can also be done via the user interface, via “set lthresh 0”.  Presumably, it would ratchet down until it meets current light conditions, then stay constant; even it, e.g., a cloud passes overhead that would have otherwise caused the int_time to increase.  The only problem would occur if the cloud were overhead when the process started, and then cleared sometime later.  In this case, we’d ratchet down a second time.  In this case, we’d have to simply take the data from the most frequent “int_time”, and discard the rest.  Note however, that the reverse case works fine – if it’s sunny when we start up, we’ll ratchet down to a minimum; then if the cloud passes overhead, we’ll be at the “sunny” integration time, which will still work.

Conclusions

I believe the following algorithm will work, and result in the best possible data.

· Set ‘lthresh’ to 0 on all instruments.

· Leave the adaptive gain algorithm on.

· Possibly lower the maximum integration time (maxint) to 1024?

· At startup, wait 10 (or 12 or 15?) seconds for the instruments to stabilize, and hopefully go through most of their adaptive gain changes.

· Keep track of the int_time for each instrument.  As long as it’s lower than the previous, discard the previous data.

· Also, look for saturation in the data, and discard it if present.  This is redundant due to the point above, but probably not a bad idea.

· As long as int_time remains constant, collect and average the data.

