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1. Specifications

	Electrical
	

	Voltage
	10–18 Volts

	Power
	~17 watts

	Data Interface
	RS-232/RS-485

	Data Rate
	38,400 baud

	Scan
	3.3 nm, 6.6 nm, or 9.9 nm

	Mechanical
	

	Size


	4.1 in dia. x 38 in long (10.4 x 97 cm)

	Weight (in air)

in water
	23 lb (11 kg)

7 lb. (3 kg)

	Case Material
	Acetal Copolymer

	Yoke Anodization
	Tiodize (TUFFCOAT-20TM)

	Depth Rating


	300 Meters

	Optical
	

	Pathlength
	0.25 meters

	Absorption Scatter Error
	< 30 percent

	Attenuation Acceptance Angle
	1.4 deg (water)

	Spectral Range
	400–730 nm

	Spectral Resolution
	3.3 nm (10 nm Rayleigh Criteria)

	Number of Channels
	100

	Precision
	± 0.001 m-1

	Accuracy
	± 0.005 m-1


1.1 
Connectors

The HiStar has two bulkhead connectors mounted on the top flange (Figure 1). The power and data connector has six pins and connects to the test or sea cable. It provides input power to the instrument and data output in RS-232 and RS-485 formats (Figure 2). A second connector provides power to the pump (Figure 3). Pin or socket numbers are molded into the rubber bodies of the connectors.

[image: image1.wmf]
Figure 1. HiStar End Flange Bulkhead Connectors

[image: image2.wmf]
Figure 2. Sea/Test Cable Connector Pin and Socket Arrangements

	Sea/Test Cable Pin Connector or Socket Function

	1
	Common

	2
	RS-232 Receive

	3
	RS-485 +

	4
	Voltage in +10 to +18 VDC

	5
	RS-232 Send to Host

	6
	RS 485 -


[image: image3.wmf]
Figure 3. Pump Cable Connector Pin and Socket Arrangements

	Pump Cable Pin Connector or Socket Function

	pin 1
	ground

	pin 2
	power output (10–18 VDC)

	pin 3
	N/C


Some early HiStars and some customized HiStars have different connectors. If yours doesn’t match the diagrams shown here, see Appendix D. However, the pin and socket functions are the same for all connectors.

Voltage supplied to the instrument is internally jumpered to provide power output to the pump power connector. Power is applied to the pump connector whenever the meter is powered. 

WARNING
If the meter is deployed without a plug in the pump connector socket, the socket contacts will suffer rapid corrosion. Eventually, the corrosion could travel through the connector, causing the meter to flood.

Always put a pump plug or dummy plug in this socket!
2. Theory of Operation

2.1

Instrument Description

HiStar is a dual-path underwater spectrophotometer for the determination of the transmittance due to absorption and attenuation. Using a white light source coupled with spectrometer receivers, it provides 3.3 nm resolution sampling through the visible portion of the spectrum. 

HiStar consists of two acetal plastic pressure cases connected to a monolithic aluminum optics mount. Special tubes, referred to as flow tubes, are inserted in the optics mount for sampling flowing water. Since it has virtually no moving parts, alignment problems due to shock and vibration are minimal. 

The upper pressure case houses the receiver optics, spectrometers and electronics. The lower pressure case houses the transmission optics. Two bulkhead connectors and the optional pressure sensor mount on the instrument’s top flange. One connector provides power and data transmission, while the other supplies power for an external pump.

The central optics mount, or yoke, is made of 6061 aluminum protected by Teflon-impregnated anodization. It provides the mechanical stability for the optics. Both the transmitter and receiver optics are mounted to the yoke as well as the spectrometers and the electronics. 

HiStar can be mounted in any orientation, providing the flow tubes are plumbed so that air bubbles cannot be trapped.

2.2

Determining Beam Absorption and Attenuation

Losses of light propagating through water can be attributed to two primary causes—scattering and absorption. By projecting a collimated beam of light through the water and placing a receiver at a known distance, these losses can be quantified. If the receiver is also collimated, requiring the beam to be re-focused upon the target, then the losses are the sum of the absorbed and scattered light. The resulting measurement is known as the beam attenuation. By enclosing the beam path with a reflective tube and placing a large area detector at the receiver, the forward-scattered light is collected and beam absorption can be determined. These two measurements form the basis of the in-situ spectrophotometer. 

Both attenuation and absorption provide valuable information for understanding water properties. Measuring both the spectral attenuation and absorption gives the spectral scattering coefficient as well. The attenuation spectrum is determined primarily by the particle concentration and the shape of the particle size distribution. The absorption spectrum is determined primarily by the concentration of pigments contained within the particles and the concentration of dissolved agents within the water (e.g. dissolved organic matter). 

The attenuation and absorption spectra should allow you to determine, by inversion, the particulate volume concentration, the particle size distribution (to first order), the chlorophyll concentration, and the concentration of yellow matter. With techniques analogous to those developed for laboratory spectrophotometric systems, specific applications for an underwater spectral absorption/attenuation meter can be designed.

For example, chlorophyll concentration can be measured. Chlorophyll-a shows an absorption peak at 676 nm. By measuring this peak height you can determine the absorption due to chlorophyll and by extension, the chlorophyll concentration. By measuring the absorption at 676 nm as well as at the shoulders of the peak (650 nm and 715 nm) you can determine the chlorophyll concentration. In addition, chlorophyll-b, rhodamine, carotenoids, and dissolved yellow matter all are measurable. Conversely, these meters give an indication of the absolute water clarity throughout the spectrum.

The HiStar’s “c” side measures the attenuation of light due to both scattering and absorption, while the “a” side measures absorption only. After applying several corrections to the “a” measurement, the corrected “a” value can be subtracted from the beam transmission “c,” to get a good estimate of “b,” the attenuation due to scattering.

2.3

Optics

HiStar uses fiber optics and small spectrometers to provide a multi-spectral view of marine optical parameters. White tungsten lamps provide the source light for the absorption and attenuation paths. Using a beam splitter and a fiber optic bundle, each source is monitored for reference measurement. The reference paths provide a method of accounting for tiny variations in the source light due to lamp aging, voltage fluctuations and/or temperature variations, as well as variations in the spectrometer.

Both the “a” and “c” transmitters use lenses to supply beams of light; however, only the “c” beam is collimated. Both beams then pass through quartz pressure windows and enter the 250mm flow tubes. After passing through pressure windows, the “a” beam enters a reflective flow cell, while the “c” beam transits a non-reflective flow cell. In the “a” cell, light scattered forward of the critical angle (approximately 41 degrees) is reflected down the tube to the diffuser at the receiver. The black wall of the “c” cell absorbs scattered light that intersects the sidewall: this light is “lost” to the system.

At the receiver ends of the cells, the remaining “a” beam impinges on a diffuser before passing through a lens, while the “c” beam goes directly into a lens. The diffuser is illuminated in proportion to the intensity of the photons reaching it. A representation of this intensity is focused on the receiver fibers. On the “c” side, only light that has not been scattered out of collimation is focused onto the receiver fibers.

The receiver and reference fiber optics enter an optical switch that has separate spectrometers for “a” and “c.” Each spectrometer alternates between measuring the receiver beam, the lamp reference, and a dark reference.

Figure 4 shows how light travels through both the absorption and attenuation paths.

Absorption path (“a”):

Ray a travels unimpeded through the optical path and is registered at the receiver.

Ray b is absorbed by a particle.

Ray c is scattered by a particle. The reflective tube transmits the scattered light to the end of the path where it illuminates the Light Shaping Diffuser( and is registered by the receiver.

Attenuation path (“c”):

Ray a is scattered by a particle and is absorbed by the black wall of the tube. 

Ray b is absorbed by a particle.

Ray c travels unimpeded through the optical path and is registered at the receiver.

[image: image4.wmf]
Figure 4. HiStar Optics Diagram

2.4

Electronics

HiStar’s electronics are housed in the receiver end of the instrument. The electronics package consists of a power supply, microprocessor, firmware, analog inputs, and digital outputs. The electronics connect to the two spectrometers, an internal thermistor and an optional pressure sensor. The data output is provided in the form of an RS-232 and RS-485 data stream. 

Caution!

There are no user-serviceable parts inside the pressure cases. If the instrument is opened by anyone other than WET Labs personnel, the warranty will be void. 

The following discussion is provided for the curious user. 

The HiStar uses a 16-bit microprocessor to control two miniature spectrometers and an optical switch. One spectrometer collects “c ” and “c” reference data, the other  “a” and “a” reference data. The spectrometers are sampled in an interleaved high-speed sequence that collects and digitizes over 100 pixels of data from each channel in approximately 9 milliseconds. The time between spectrometer samples—the integration time—is controlled to a fraction of a microsecond by an internal hardware timer in the CPU. The readout sequence is an uninterrupted sequence of processor instructions, which maintains timing accurate to within a few nanoseconds for each collection cycle.

The Zeiss miniature spectrometers used by the HiStar are serial-clocked devices. Each spectrometer transfers the charge stored on the photodiode representing a pixel to an amplifier that converts the charge to an output voltage. These output voltages appear as short peaks a few microseconds wide. The HiStar electronics integrates these output peaks and holds the integrated peak value until it is digitized by an A/D converter. The converter used in the HiStar accepts input values from -5.0 to +5.0 volts and produces a 16-bit value representing the input voltage. Thus each count from the A/D converter represents approximately 152 microvolts. The low-noise design of the HiStar electronics results in output values which typically have short-term noise of less than two to three counts or about 500 microvolts. This is in spite of the fact that the analog system is operating in close proximity to the microprocessor and is measuring signals that are clocked out of the spectrometer, integrated, and digitized in approximately 24 microseconds per pixel. A block diagram of the electronics is shown in Figure 5. To eliminate thermal problems and long-term drift, the HiStar uses the same integrator and A/D converter for both spectrometer channels.

[image: image5.wmf]
Figure 5. Block diagram showing relationship between the spectrometers and the CPU.

3.
Setup and Operation

This section explains the basic procedure for operating the HiStar in three modes:

calibration tracking in air

water calibration

profiling in situ 

These modes have several common requirements, which are also covered here:

· system components 

· cleaning procedure 

· instrument power 

· data communications

3.1 Common Requirements

3.1.1
Required System Components

Instrument

The HiStar and its flow assemblies (Figure 6) form the basic optical sensor.

[image: image6.wmf]
Figure 6. Side “a” and “c” HiStar flow tubes

Power Supply

The HiStar requires a 10–18 VDC supply capable of providing 2 amperes continuous output. If a long cable is used, cable losses must be accounted for in determining the power supply voltage and power requirements. Care must be taken not to over-power the instrument. 

Pump

The flow-through system requires an external pump, such as the Seabird SBE-5 to achieve the recommended 2-liter/min. flow. Since the SBE-5 is available with the same voltage requirements as the HiStar, it can be plugged into the convenient power output port next to the power/data connector on the end of the instrument. Power is supplied to this port whenever power is supplied to the instrument.

Note

If you purchased a pump with your HiStar, the pump has been adjusted to provide the proper flow rate for your HiStar.

Serial Communications

Data from the HiStar is transmitted via both RS-232 and RS-485. RS-232 is recommended for laboratory work. It allows you to plug HiStar directly into your computer’s COM port. RS-485 is the best choice if your cable is longer than about 15 meters. However, you will need an RS-485 to RS-232 converter at the host computer or an RS-485 serial port installed in your host computer.

Cabling

HiStar is supplied with a 6-pin connector for power and data. You will need only a four-conductor cable once you’ve decided whether to use RS-232 or RS-485 communication protocol. 18-gauge wire is recommended. 

Host/Data Logger

HiStar can be interfaced to any computer or data logger capable of supporting a 38,400 baud rate serial interface. Because of the relatively high data rates we recommend a Pentium-class IBM compatible as a minimum host configuration. 

Software
HiStar is supplied with WETView, which displays and logs the data on the computer. Instructions for use of WETView 5.0 are provided in the WETView User’s Guide.

3.1.2
Cleaning the Optical Path

To gather accurate, repeatable data, true to the instrument’s calibration, the flow path optics must be cleaned before every use. This procedure is equally important for in situ sampling, lab work, or determination of air calibration values.

WARNING

Do not use acetone on any part of HiStar. Acetone will destroy the plastic parts.

3.1.2.1

Disassemble

You may want to mark the flow assemblies with tape or marking pen before disassembly so there is no confusion when reinstalling the tubes after cleaning the optics. Incorrect installation of the flow tubes will result in erroneous results.

Remove the black plastic flow tubes by sliding the flow tube sleeves towards the middle of the flow tube. The flow tube will lift out, exposing the transmitter and detector windows on the lower and upper flanges, respectively. Be careful not to scratch the windows. 

3.1.2.2

Wash

Use a mild detergent diluted with distilled, RO, or DI water to gently wash the windows, the flow tubes, and the flow sleeves. Use dust-free optical-grade tissues (such as KimWipes®) to wash the windows. Rinse the meter completely with water to ensure no soap residue is left inside the flow tubes or on the windows.

Clean with methanol (or ethanol)—use an optical-grade tissue or lens paper. Place a couple of drops of methanol on the tissue. Gently wipe the windows with methanol. This should remove any visible streaks on the windows. Repeat this two to three times. The final wipe should be quick and gentle, removing any lint or dust. Using a small flashlight to carefully examine the windows may also be helpful.

Clean the flow tubes—place a few drops of methanol on tissue and, using a wooden dowel rod, carefully slide tissue through one flow tube. Repeat this procedure with the other flow tubes. Examine each flow tube when you are through, to make certain that there are no streaks or small pieces of lint left on the inside of the flow tube. Take care not to scratch the quartz tube in the “a” flow tube.

3.1.2.3

Dry

Place the instrument in a protected area where it can dry out completely. Using a small heated fan to blow warm air over the meter may help speed up the process. Using dry nitrogen to blow dry the meter and remove water from the small grooves around the windows will also help speed up the process. If time is not critical, leave the instrument overnight to dry out completely. Carefully replace the flow tube o-rings.

Dry the windows. Since small amounts of moisture can affect the air readings, it is important to ensure that the meter is completely dry. Using dry nitrogen under very low pressure, flow the gas over the windows immediately before replacing the flow tubes. This will remove any water or methanol trapped in the small grooves around the window.

3.1.2.4

Reassemble

Carefully slide the flow tubes and sleeves into place. The attenuation tube is one solid piece of black plastic. This tube installs on the “c” side of the instrument (the side with identical-looking windows). The absorption flow assembly is lined with a quartz tube. This tube installs on the “a” side of the instrument, which can be identified by the scalloped edges on the “a” side of the yoke. There is no “up” or “down” orientation to either tube or their flow sleeves.

When re-installing the sleeves of the flow tubes, line up the white nylon cap screws with the grooves in the flow tubes. This will ensure that the feet on the ends of the flow tubes will not block the water flow. Use small black caps or black electrical tape over each of the hose barbs on the flow tubes to keep the meter clean and free of moisture while obtaining the air calibration data.

3.1.3
Instrument Power

Connect the test cable power leads to a suitable power supply. Observe the correct polarity. Confirm the voltage across pins one (ground) and four (V+) of the rubber pigtail connector, then turn the power supply off. 

Mate the test cable or sea cable connector to the bulkhead connector. Push the connector straight in to avoid damaging the pins. Turn on the power supply. You can verify the operation of the HiStar by removing the flow tubes and placing a white card in the light paths. The transmitted light will be visible in either the “a” or “c” path.

3.1.4
Data Communication

1. Connect the cable between the instrument, power supply, and host computer. Note which COM port you use. Turn power off.

2. If you are using an RS-485 converter, follow the instructions provided by the manufacturer.

3. Turn on the power supply. If the pump is connected, it should begin to operate.

WARNING

The pump should not be run dry for more than about one minute.

4. Run WETView on the host computer. Refer to the WETView manual.

3.2

Calibration Tracking in Air

Before and after each cruise or deployment of HiStar, it is highly recommended that a clean air file be collected and stored as part of the field data set. This section describes the technique.

Note

An air calibration file will not be accurate unless the windows and flow paths are clean and dry. The air calibration file shipped with your meter was derived by skilled technicians who performed a thorough cleaning and then purged the flow tubes with dry argon or nitrogen.

Clean the instrument according to the procedure described in section 3.1.2. Purge each flow tube with argon or dry nitrogen and quickly cap the hose barbs. Allow the meter to warm up for 15–30 minutes. When the meter is stable you should be able to collect 5 minutes of data and the values should not vary more than  +/- 0.01 m-1 over the 5 minutes.

When preparing to collect an air calibration file, the factory-provided air calibration device file should be used instead of the water calibration device file. The offset values in the air calibration file are chosen so that when the instrument is clean and dry, the output values provided by the instrument will be very close to 0.0. (+/- 0.01).

Record a one- or two-minute file of output data. Repeat the cleaning procedure and collect another file. Repeat this process until three data files are collected, cleaning between each file collection, such that the average values for each channel vary by no more than 0.02 m-1 from file to file. Select the “best” of these files as the air calibration file. The best file is the one with average values closest to 0.0. 

If the factory air values can be duplicated within 0.01, it indicates that the instrument is working well, is clean, stable, and ready to deploy. If the factory values cannot be duplicated, the instrument may have an electronic or optical drift. 

If small, this drift may be accounted for by applying the drift in air calibration values (offset from the factory air values) to the water calibration values. This is a very powerful technique and should be used with caution. If in doubt about whether it makes sense to try to correct the water offsets for a suspected drift, call the factory for advice.

Air tracking data is most easily obtained in the laboratory, where the environment is consistently clean and dry. We recommend recording good air data in the laboratory before and after all HiStar deployments. Air calibrations can be performed while in the field; however, it can be difficult to obtain good air calibrations on a ship due to the moist environment. 
3.3

Water Calibration

Many users have found it desirable to establish calibration using pure water from their own deionization systems, or to base calibration on seawater. This is the basic procedure. 

1. Plumb the instrument to the water supply. The water supply should be under 10–15 psi pressure. The outlet hoses from the instrument should be constricted slightly, to provide approximately 2–3 psi of backpressure. This will simulate submersion to approximately 2 meters and will help reduce problems associated with bubbles.

2. Put the meter in a tank of water to improve temperature equilibration. A large trash can works well. The meter need not be entirely submerged.

3. Turn the meter on. While it is warming up for 10–15 minutes, flow water through the meter, establishing a continuous flow rate of approximately 1.5 liters/minute. Ensure the water supply is free of bubbles.

4. Start the WETView software and, following the instructions in that manual, generate a device file based on your flowing sample. With these new calibration offsets applied, the HiStar should read zero on all channels.

5. To confirm the accuracy of the offsets, repeat the cleaning process until the results are repeatable to within +/- 0.003m-1.

3.4

Profiling in situ

Note

All components to be used at sea should be tested well in advance of deployment.

3.4.1
Mounting

HiStar can be mounted in virtually any orientation as long as air bubbles are not trapped in the flow tubes. Vertical mounting is recommended. (See Figure 7.)

If it is suspected that trapped bubbles are causing problems, lowering the instrument to 10–20 meters while the system warms up may help by compressing the small bubbles, allowing them to be expelled from the HiStar. Either end can be the inlet, but the flow of water should be upward.

WARNING

Do not make direct contact between the HiStar aluminum yoke and a metal frame or hose clamp.

The aluminum yoke is hard anodized with a special plastic impregnation to minimize corrosion; however, metal-to-metal contact with the yoke can damage this coating.

WARNING 

We recommend mounting the instrument to a sturdy deployment cage using 4.1-inch diameter instrument clamps (WET Labs P/N 130065). The cage will protect the instrument from striking the deck, ship’s side, or seabed.

Make sure there is an unobstructed upward flow through the flow tubes and the pump. 

[image: image7.wmf]
Figure 7. Mounting diagram

3.4.2
Deploying

Follow the suggestions below to obtain the highest quality data from your HiStar.

The instrument is extremely sensitive and should be handled carefully. The case supplied with the instrument should be used to transport the instrument to and from the field. 

The data will be adversely influenced by bubbles, dirt or grease in the flow path. Make sure that the flow tubes, tubing and screen are free of dirt and grease. Clean with ethanol or warm soapy water. Rinse with distilled water. Do not allow water to dry on the windows, as this will leave a residue that may be hard to remove.

Routinely take a data file in air to track any instrument drift. This procedure is outlined in Section 4.5. 

Upon deployment, lower the instrument to just below the water’s surface. Turn on power to the instrument and pump and check to ensure that the pump has primed and is operating properly. Lower the package to a depth of 10–20 meters. Run the instrument for at least 10 minutes to allow the flow tubes to clear and for the instrument’s temperature to begin to equilibrate with the water.
After the 10-minute warm-up and equilibration period, raise the package to just below the surface and begin collecting data. The initial depth will be dependent on the natural surface conditions and the amount of bubbles that the ship itself is generating. Steadily lower the cage through the water column.
Rinse the cage and instrument with fresh water when testing is complete, or at least once each day. Holding a low-pressure fresh water hose over the pump discharge port will flush the tubing and the flow tubes. Rinse off the flanges and connectors. If leaving the instrument in the sun for more than a few minutes, cover the cage with a tarp to avoid over-heating the instrument. 

At the end of each data collection day, remove the flow bases and carefully clean and dry both the flow tubes and the windows. Failure to flush the instrument with fresh water may cause corrosion damage over time.

3.5

Care and Maintenance

HiStar requires minimal maintenance. Following these simple recommendations will assure optimum data integrity as well as longer instrument life. 

3.5.1
Cleaning

When cleaning, pay special attention to joints, crevices and places where salt can build up. Careful rinsing can add years to the life of the instrument since the aluminum parts are subject to corrosion if stored with salt film present. 

3.5.2
Storing

Store the instrument in a clean dry place. The instrument, flow tubes and any peripherals stored with the HiStar should be clean, salt-free and completely dry before being stored. If required, the instrument can be stored on deck during a deployment but it should be flushed with fresh water at least once a day to keep salt buildup to a minimum.

3.5.3
Shipping

HiStar is shipped from the factory in a sturdy case, selected to ensure safe delivery of a new instrument. This container can be reused if desired but WET Labs assumes no responsibility for the use of the container in return shipments. When shipping, secure the instrument to prevent shifting inside the container. If pumps, cables or other components are shipped in the same container, use bubble wrap or foam sheets to protect the components from rubbing or scratching the HiStar.

We recommend collecting air data immediately before and after shipping your HiStar. Before shipping, connect the HiStar to power and allow it to warm up for at least 15 minutes. Use the air tracking protocol to obtain good air readings, and log an air tracking file. After shipping, without removing the flow tubes or cleaning the optics, log a second file. Absorption/attenuation values before and after shipping should match (at least within +/- 0.01). Large offsets in the data may indicate misalignment of the optics during shipping and handling.

3.6

Troubleshooting

For one unfamiliar with HiStar data, it can be difficult to determine whether or not the data has been acquired and processed accurately. The following table outlines some of the possible causes of problems that may be encountered.

	Symptoms
	Possible causes
	Solutions

	Air readings are very noisy
	Moisture in flow tubes
	Remove flow tubes, allow to dry completely. Purge with argon. 

	
	Ambient light leakage
	Cover hose barbs with tape or plastic caps

	
	Internal meter malfunction
	Contact WET Labs

	Air readings show significant offset from air tracking file
	Meter operating outside of compensated temperature zone
	Keep instrument temperature within calibration range. 

	
	Instrumental drift
	Compensate with air calibration values or re-calibrate

	In water, short term variance of signal exceeds 10% of mean
	Bubbles/air entrapment
	Tilt meter, purge all bubbles from the flow path. Apply back pressure at outlet

	
	Particles or debris caught in flow tubes
	Clean instrument, check water supply for sediment

	In water,

a > c uncorrected
	Bad calibration file
	Use correct calibration file or re-calibrate instrument

	
	Instrumental drift
	Apply air calibration corrections, or re-calibrate instrument

	
	Bubbles/air entrapment
	Tilt meter, purge all bubbles from the flow path, apply back pressure to outlet

	
	Caught particle
	Clean instrument, check water supply for sediment

	In water, 

a or c < -0.005*
	Instrumental drift
	Apply air calibration corrections, or re-calibrate instrument

	
	Bad calibration file
	Use correct calibration file, or re-calibrate instrument

	
	Bubbles/air entrapment
	Tilt meter, purge all bubbles from the flow path

	
	Meter out of specified temperature zone
	Keep instrument temperature within calibration range

	
	Over-corrected scattering error
	Check scattering error correction calculations


*If a or c are < 0 but > -0.005, the instrument is operating properly and a or c may be set to zero.

4.
Calibration and Characterization

This section reviews the methods used by WET Labs for calibration and characterization of the HiStar. 

The HiStar is a dual path spectrophotometer whose output values are related to a specific reference medium that is clean water. The instrument is calibrated to provide a reading of 0.00 for each channel in clean fresh water. The offset value, determined during our calibration process, is the number which, when added to the raw instrument output in clean water, provides zeroes for all wavelengths with the meter at a specific temperature. This offset value is referred to as N. This is an important consideration for users who want to compare data from other transmissometers that do not read 0.0 in clean water. Therefore, the final output of the HiStar’s software is the absorption and attenuation with clean water attenuation subtracted. 

4.1

Temperature Correction

Beyond confirming basic instrument operation and alignment, temperature corrections are the first tests performed on the meter. Temperature corrections are requisite to all other tests. Corrections are performed using WETView. WETView employs a correction algorithm that uses multiple offset values, (Tn values obtained by measuring output differences over small temperature increments. Instrument values are collected and averaged every one to two degrees Celsius through the operational temperature range of the instrument. From these values we generate a table of temperature compensation offsets [(Tn]. This table is contained in each instrument’s device file. Using the table, WETView 5.0 then applies the algorithm, [a' = araw + (Tn] for given temperatures in the table. For temperatures that fall between table values, the program applies a linear interpolation upon the data for further correction. By using this scheme, we can thus effectively compensate for non-linear changes due to temperature, in the instruments’ output. For a description of this algorithm please refer to section 3.3.5, Post Processing.

A set of Kt values is determined for both air and water measurements by performing a cooling cycle with each unit. For the air values, the instrument is placed in a water bath after its flow tubes have been purged with dry argon and sealed to eliminate moisture. The ambient water temperature is slowly increased, allowing the instrument’s internal temperature to heat to about 35 degrees Celsius. The unit is then slowly cooled to about 5 degrees Celsius and the data is collected to test the Kt values. At the end of each cycle, air values are plotted as a function of the instrument’s internal temperature. This test is iterated until a best-fit correction is obtained. 

Temperature tests do show some hysteresis that generally proves to be the limiting factor in the accuracy of the correction. While this should not be an issue with the instrument in water, it is something to note when bench testing over a prolonged period.

If changes over temperature of the meter vary too greatly or if severe non-linearities are detected, the instrument is examined and necessary modifications made. When the instrument is performing properly, the temperature coefficients are calculated. The temperature cycle is then repeated with the temperature coefficients applied in the processing software. The residual error must not vary by more than (0.01 m-1 over the entire temperature range. Once the compensated values are determined to be within specifications, the correction factors are applied to the instrument’s device file. 
The instrument’s compensated temperature range is about 10–30 degrees Celsius. The exact temperature range is specified for each meter on the Calibration Sheet. The HiStar will remain within the factory temperature specifications over the internal instrument temperature range specified.

4.2

Precision

Precision is determined by running the meter for an interval of time and determining the standard deviation of the signal. We perform this measurement in air. With approximately one-second binning of the signals, nominal performance is approximately (0.001/m for all channels. 

It should be noted that both air value and water value measurements can be difficult to perform. If running the tests in air, insure the flow tubes and windows are completely clean and dry. Do not allow any ambient light penetration into the cells. Use a cap or black tape to seal the flow tube nozzle openings.

When operating the instrument in water, make sure you are using clean, bubble-free water. Apply at least 2–3 psi backpressure at the outlet, and do not exceed 2 liters per minute flow rate.

4.3

Absolute Calibration

Absolute calibration of any underwater optical absorption or attenuation sensor is difficult, as there are no absolute standards that can readily be used. The most obvious choice for a calibration medium, pure water, is difficult to obtain, is unstable once it is made, and its absolute optical properties are not well known. Nevertheless, pure water is the baseline for all oceanic property measurements. At WET Labs, we produce our calibration water with a custom de-ionization and filtration system. After de-ionization, the water is processed by a series of filters and held in a 60-liter reservoir that re-circulates through an ultra-violet chamber and additional filters. Water for calibration is drawn through a final Millipore® ultrafilter before being used. This system allows the highly reactive de-ionized water to equilibrate and the ultra-violet chamber prevents any biological contamination from entering the reservoir.

During the water calibration, water from the pure water system is flushed continuously through the HiStar at a rate of approximately 1.5 liters/minute with backpressure. Values of absorption and attenuation are collected using WETView, processed through a spreadsheet program, and then applied to the device file. With the offsets applied the HiStar should then read zero on all channels. To confirm the offsets are accurate, the test is repeated until the results are repeatable to within +/- 0.003 m-1. Once the offsets are collected they are applied to a device file specific to each meter. The offsets are thereafter automatically applied when running WETView, or alternatively can be used with a user-developed program.

A qualitative but surprisingly accurate test of water purity can readily be obtained with a beaker, a small laser and a darkened room. By shining the laser through the water and viewing slightly off axis to the impinging beam one can readily detect scatterers in the water. Try this at first with some tap water. It will show you what to look for. Be very careful to not look directly into the beam, and do not try this test with a high power laser. Pointing lasers used in lectures work very well for this task. If you see more than one or two large scatterers in the beam path, your water is unsuitable for a clean water calibration. WET Labs and researchers from several institutions are presently developing methods for effective field calibration and in-situ calibration techniques.

Two parameters are important for the user to consider when processing data—trying to obtain water calibrations in the field, and reproducing pure water calibrations in the laboratory (the water temperature and the internal instrument temperature.) The water temperature is recorded during the calibration with typical values ranging from less than 5 to 35 degrees Celsius. When processing data it is important to account for the changes in absorption/attenuation of water that occur as a result of temperature (see Section 4.7) therefore, knowledge of the water temperature during calibration becomes critical. Internal instrument temperature is also recorded for each water calibration. It is important that this value fall within the temperature range specified in the temperature calibration. Both the water temperature and the internal temperature of the instrument at the time the calibration is performed are recorded on the Calibration Sheet.

4.4

Linearity and Dynamic Range

To determine linearity of the absorption and attenuation detection systems we first vary scattering agent concentrations and plotted apparent “a” and “c.” Typically linearity in “c” throughout the dynamic range is extremely high with a regression coefficient of 0.9999. Linearity in “a” exceeds 0.998. Although this test doesn’t truly measure “a,” it does give a good indication of response. 

4.5

Air Calibration Tracking Method

During the factory calibration, clean water values are obtained and used to correct the meter’s output. We then thoroughly dry the meter and record air values. We supply these values with the calibration page that we ship with each meter. These air values represent the effective measurement of air for a calibrated instrument. This means that if the instrument user cleans the windows and flow tubes and makes an air measurement and that if the air measurement matches the factory supplied air values, then resulting clean water measurements should provide zero values. Equally important—if the air values taken in the field differ from factory air values, then that difference may be applied as a correction factor to the original water calibration values contained in the instrument’s device file:



a'clean = aclean + (a'air - aair)



(1)

where:



aclean is the clean water offset value supplied with the HiStar meter



a'clean is the corrected clean water offset



a air is the factory-supplied air value



a'air is the field obtained air value

Alternatively, the offset air value difference can be applied directly to the data as a post-processing step. Obtaining air values in the field is a much more straightforward process than obtaining clean water values. This is a powerful technique that can track and compensate for instrument drift. Care must be taken when implementing this technique since a drop of water or smudge on the windows will result in a reading quite different from the factory air values. This difference might be interpreted as instrument drift. By iterating this process several times (re-cleaning the instrument and obtaining a new set of air values), you will gain experience in differentiating true instrument drift from smudged optics.

Caution!

Back up the factory DEV file before making any modifications to it.
Effective air calibration requires:

1. The instrument’s optical path is clean and dry.

2. The instrument’s optical path is completely shielded from ambient light.

To perform an air calibration we recommend the following basic procedure. 

a. Remove flow tubes and clean and dry them completely. Remove the collars from the flow tubes to assure you have no trapped moisture. Allow the flow tubes to sit in a dry environment with good air flow.

b. Clean and completely dry the optical windows of the instrument. If the optics have not been cleaned for some time, clean with a mild solution of detergent and distilled water, rinse, and wipe dry. Follow with a single wipe across each window with an ethanol-soaked (or other low-water-content alcohol-type solvent) lens tissue and then a single wipe with a dry tissue. If the windows are already fairly clean, then simply use the ethanol wipe procedure. You may wish to apply a stream of pressurized air or nitrogen around the windows to force out moisture from the window mount.

WARNING

Beware of using standard air compressor air. It can blow oil all over the optics. 

c. Allow the unit to sit open for an hour or two to assure that it dries.

d. Turn on meter and allow it to warm up about 15 minutes.

e. Reassemble and insert flow tubes.

f. Block ambient light from the flow tube entrances and obtain values using WETView or your own custom program. Record and save about 5 minutes of data. Examine the data in a spreadsheet. At one–two-second binning, the data should maintain a standard deviation of ±0.001 m-1 or less. If you have a substantial slope to the data over the acquisition period your meter may have some residual moisture in the flow tubes or on the windows. If the optical path isn’t getting dry, use a small flow of dry nitrogen through the tubes while sampling.

g. Remove flow tube and re-clean the windows. The single wipe technique with ethanol will work fine at this point.

h. Repeat steps D–F until mean values stabilize over 3 cycles. These means are your new air calibration values.

4.6

Data Processing Theory

A HiStar acquires raw values representing light losses of a light beam propagating through a fixed path of water. In order to convert these values into meaningful units and to correct for instrument and environmental factors associated with the measurements, several processing steps are required. The list below provides an overview of these steps and subsequent sections within this chapter delineate the steps in more detail. 

Data Processing:

Initial Parsing of Binary Data

Ratio of Signal to Reference

-ln (Signal/Reference) / Pathlength

Application of Temperature Coefficients

Application of Clean Water Offsets

Post Processing:

Correction for Temperature and Salinity

Correction for Scattering

Addition of Pure Water Values

Once accumulated by a host computer the data must be post processed in order to yield meaningful scientific data. 

The primary transfer equation for yielding the attenuation coefficient, c, or the absorption coefficient, a, for a given wavelength is:

Tr = e-cx






(1)

where Tr is the transmittance, c is the attenuation coefficient, and x is the pathlength of the water volume being measured. The following treatment applies to the absorption case if “c” is replaced by “a.” The pathlength of the HiStar is fixed at 25 cm. Transmittance is computed by taking the ratio of the signal value to the reference value:

Tr= (Csig/Cref)
/ N





(2)

Substituting equation (2) into equation (1) we get,

 
(Csig/Cref ) / N = e-cx,





(3)

where Csig and Cref are the signal and reference count values from the instrument and N is an instrument specific calibration constant obtained in the laboratory using clean water. 

We therefore can solve for c (or a) by,

c = - 1/x [ln (Csig/Cref) - ln (N)] 



(4)

or c = - 1/x (ln(Csig/Cref)) - (- 1/x (ln(N))


(5)

or c = [(ln(N)/x) - (ln(Csig/Cref)/x)]



(6)

Since the HiStar pathlength is a fixed constant set at 25 cm, we only require the determination of (ln(N)/x) in order to accurately measure c. This value is derived for each channel and is supplied with each instrument’s calibration data sheet as the “Water Offset” value and is referred to as coff, where  c = Coff – 1/x (ln) (Csig/Cref).

The temperature correction is applied using the temperature from the reference line and the channel’s correction table from the configuration file. The approximate correction value is linearly interpolated from the table. First, the correct temperature bin is determined by finding the two bin temperatures, T0 and T1, that bracket the current temperature. Then, using the values, (Tn and (Tn+1, from the table,
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where,

(T = compensation constant

T= current temperature

T0 = first bin temperature

T1 = second bin temperature

(Tn = first value 

(Tn+1 = second value

This temperature correction is automatically applied by our WETView software. If you are manually processing the raw data stream, this correction must be applied to arrive at the temperature-corrected absorption and attenuation coefficients. 

4.7

Temperature Dependence of Absorption Measurement

The temperature corrections discussed here are different than the temperature corrections discussed in the calibration section. These corrections relate to differences between the absorption coefficient of the optically pure water used as a reference in calibrating the HiStar and the absorption coefficient of the water in which the measurements are being made. Absorption of water shows a temperature dependency that is wavelength-dependent. While throughout the visible portion of the spectrum this effect is negligible (See Pegau and Zaneveld, 1992, 1994), at infrared wavelengths the effect must be taken into account. With respect to the HiStar, the water absorption temperature effect must be considered to correct the absorption and attenuation near 715 nm.

Experimental results show that aT* , the water specific absorption correction due to temperature at 715 nm, is approximately 0.0035 per m-deg. Various researchers (Pegau, Moore) have derived results ranging from 0.0024 to 0.0035. The corrected 715 nm absorption is then determined using:



a715T = a715m - [aT* * (Tm - T​cal)]



(7)

where a715T is the water temperature corrected absorption at 715 nm, a715m is the measured absorption at 715 nm, Tm is the water temperature at the time of measurement and Tcal is the water temperature at time of calibration. T​cal is recorded at the time of calibration and is provided with the instrument calibration sheet. 

4.8

Scattering Correction

Because of the reflective tube and detector design used on the absorption side of the meter, some of the light scattered at wider angles than 41 degrees with respect to the optical axis is lost. This results in a scattering error for the absorption meter. This error was empirically determined by measuring apparent “a” and “c” values in the presence of increasing concentrations of a scattering agent (5 micron polystyrene microspheres). The error in all channels is approximately 30 percent throughout the a-meter’s dynamic range. The relationship between “a” and “c” remains linear throughout most of a given wavelength channel’s dynamic range. (>0.998) For very high c values (>12 m-1) we notice a slight roll-off in “a.”

The imperfect reflectivity of the reflecting tube and other imperfections cause scattered light errors in the absorption meter. The magnitude of these errors must be corrected to obtain accurate absorption values. There are several alternatives in performing the scattered light correction. The simplest involves subtraction of the temperature corrected a715 measurement. Assuming that water is the only media present that absorbs light at 715 nm, and assuming that the scattering error is spectrally independent, we can use this wavelength to provide a base for the scattering error correction. This technique is commonly used in bench-top spectrophotometric measurements. We present one recommended method developed by Dr. Ron Zaneveld at Oregon State University (SPIE 1992) which has thus far proven to be a robust correction mechanism.

For what follows we assume that pure water absorption and attenuation have been subtracted.

For a given wavelength, , the absorption tube overestimates the absorption coefficient as it does not measure all of the scattered light. In what follows we will designate the proportion of the total scattering coefficient that the device does not receive by ka ().

If the shape of the scattering function does not change much as a function of wavelength, we may assume that ka () is not a function of 
4.8.1
Hypothesis 1 

The fraction of scattered light not received by the absorption meter is independent of wavelength.

We designate the true absorption coefficient at a wavelength by at(). The true absorption coefficient at a given wavelength is the sum of the absorption due to pure water, aw(), and the absorption due to dissolved and suspended matter, an() (n for non-water), so that 




at() = aw() + an(). 


(1a)

The measured absorption coefficient is designated by am (). The measured absorption coefficient consists of the sum of the absorption due to pure water, aw(), and the instrumental output, ai(), so that 







am() = aw() + ai(). 


(1b)

Similarly ct() and cm () are the true and measured attenuation coefficients, respectively. We define the scattering coefficients similarly:




bt() = ct() - at()



(2a)




bm() = cm() - am()


(2b)




bi() = ci() - ai()



(2c)




bm() = bw() + bi()


(2d)

Using Hypothesis 1, we then set:




at() = am() - kabt(), 


(3)

and


ct() = cm() + kcbt().


(4)

We have assumed here that the scattered light received by the attenuation meter is also independent of wavelength, so that it is a constant proportion of the total scattering coefficient.

4.8.2
Hypothesis 2

The fraction of scattered light received by the attenuation meter is independent of wavelength.

We now subtract equation (3) from (4):




bt() = bm() + bt()[kc+ka],


(5)

so that:




bt()= bm()/(1-kc-ka)


(6)

Since, using hypothesis 1 and 2, kc and ka are constants, we see that the measured scattering coefficient spectrum, bm(), is only a constant [1/(1-kc-ka)] different from the true scattering spectrum. We may the conclude that:




bt(1)/bt(2) = bm(1)/bm(2)

(7)

We now assume that there is some reference wavelengths, r, at which the absorption is due to pure water only.

4.8.3
Hypothesis 3

There exists a reference wavelength, r, at which the absorption due to particulate and dissolved material is negligible.

For the present we set r = 715 nm, although there may be better choices further in the infrared.

Thus,

at(r) = aw(r)




(8)

Substitution of equation (8) into (3) gives:



aw(r) = am(r) - kabt(r),

so that, using equation (1b),




0 = ai(r) - kabt(r).

Rearranging gives




ai(r) = kabt(r).



(9)

Hence, 





ka = ai(r)/bt(r).



(10)

Substitution of equation (10) into (3) gives:




at(am(- ai(r)[bt(/bt(r)]


Substitution of equation (7) into the above gives:




at(am(- ai(r)[bm(/bm(r)].
(12)

After subtraction of the water absorption from both sides we get the desired result: 




an(ai(- ai(r)[bm(/bm(r)].

a
Referring back to equation (2d) we note that in the vast majority of natural waters 




bm() >> bw() , 


so that in those cases equation (12a) may be approximated by:




an(ai(- ai(r)[bi(/bi(r)].

b


This is the desired result that allows us to correct the scattering error of the absorption measurement. Note that we can thus determine the true non-water absorption coefficient at any wavelength, using the three hypotheses. We do not need to know the fraction of scattered light not received by the attenuation meter, i.e. we need not know kc.

Further Discussion

For spectrophotometric work you normally cannot take into account the spectral variations in b( Simply subtract the absorption at the reference wavelength. This then would imply that bm(r) = bm( from equation (12), an unnecessary assumption in our case. The above correction method is thus more accurate than the usual spectrophotometric approach. We only assume that the shape of the volume scattering function be independent of wavelength, whereas in the spectrophotometric approach it is assumed that the absolute value of the scattering function be independent of wavelength.

The accuracy of the absorption meter may be expressed in terms of ka. From the above, we can derive an expression for ka.

Substitution of (6) into (9) gives:




ai(712ka/(1-kc-ka)] bm(r),

(13)

solving for ka then gives,




ka[ai(r)+bm(r)]=(1-kc)ai(r).



The scattering coefficient of pure water at the reference wavelength is very small, so that ai(r)+bm(r) ci(r) and,




 ka=(1-kc)[ai(r)/ci(r)].
  

 (14)

We can use equation (14) to determine the error in an absorption meter, provided hypotheses 1,2, and 3 are true.

kc is the scattered light included in the attenuation measurement. This depends, in a collimated system, on the acceptance angle of the detector. We should know this parameter to within 10% of the scattering coefficient. The remaining error is then determined by am(r)/cm(r).

In a recent ac-9 test, ai()/ci() was 0.33. kc was guessed to be 0.12 (+/- 0.05. We would then set




ka=(0.03) (0.88+/-0.05),

and


ka=0.29+/-0.017.

This implies that the absorption meter did not receive 29 percent of the scattered light and that we can correct for this effect to within 1.7 percent of the scattering coefficient.

5.
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Appendix A: Static Sampling

HiStar may be used with a cuvette cell for static sampling and laboratory use. You will need the following parts, available from WET Labs:

· 240mm pathlength quartz cuvette cell

· Cuvette cartridge

· Base plates (2)

· Cuvette-specific device file for WET View

Assembly (Refer to Figure 7 below)

1. Remove the flow tubes.

2. Clean the windows.

3. Set the HiStar on a firm surface, oriented horizontally with the absorption side of the yoke—the side with the scalloped edges—facing up.

4. Snap the base plates over the transmitter and receiver windows.

5. Unpack and carefully clean the cuvette cell.

6. Slide the cuvette cell into the cuvette cartridge—note that the cuvette will only slide in from one end. You may use either the absorption or attenuation side. The absorption side of the cartridge has ridges along its length.

7. Make sure the cuvette cell is fully seated in the cartridge. The ends of the cell will be slightly recessed from the ends of the cartridge.

8. Slide the cartridge into the yoke from the absorption side until it stops.

Operation

1. Attach your test cable to a power supply, then plug it into your computer and into the HiStar. Refer to Section 2.1.3.

2. Allow the HiStar to warm up for 15 minutes or more.

3. Start WETView. Open the cuvette-specific device file.

4. Fill the cuvette with deionized water to confirm the device file’s water blank, or to create a new calibration (zero) device file.

5. Drain the deionized water and fill the cuvette with your sample liquid.

Notes

1. Cuvette cells are extremely fragile. Handle them with great care.

2. The static sampler cuvette cell has a 240-mm optical pathlength (the inside length of the cuvette tube), which is specified in the cuvette-specific device file provided by WET Labs. When creating a new static device file, start with this cuvette-specific device file to assure the proper path length is used.

3. The device file has no temperature correction coefficients, so it is imperative that the HiStar is at a stable temperature when making measurements.

4. To prevent errors caused by absorption in the red and near infra-red regions, the water blank used to “zero” the device file must be the same temperature as the water sample to be analyzed.
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Figure 8. Cuvette installation

Appendix B: Pressure Sensor Use and Care

A pressure sensor is available as optional equipment on HiStar. It is mounted in the top flange next to the electrical connectors. A plastic fitting and capillary tube, both filled with silicone oil, provide a buffer between the pressure transducer and seawater. The transducer is both sensitive and delicate. Following the procedures below will ensure the best results and longest life from your pressure sensor.

Pressure is transmitted from the water to the stainless steel transducer diaphragm via a capillary tube filled with silicone oil. The inert silicone oil protects the pressure sensor from corrosion, which would occur after long exposure to salt water. The capillary tube will generally prevent the oil from escaping from the reservoir into the water. However, you may occasionally wish to ensure that oil remains in the reservoir on top of the transducer.

WARNING

Never touch or push on the transducer.

WARNING

Never attempt to fill the reservoir except by the procedure below.
Refilling procedure

1. Thoroughly clean the top of your instrument.

2. Completely remove the white nylon Swagelock fitting using a 9/16” wrench.

3. Add silicone oil (Dow Corning DC200, supplied) to within 1/16” of the top of the threaded cavity.

4. Wipe clean the o-ring at the base of the Swagelock fitting.

5. Hold a tissue over the end of the capillary tube.

6. Screw the Swagelock fitting into the end flange until finger tight.

7. Tighten it an additional 1/8 turn using a wrench only if necessary.

8. Wipe up any excess oil that may have squirted out of the capillary tube.

Hints

· If you can see drops of oil in the capillary tube, refilling is unnecessary.

· Rinsing the instrument with fresh water will help keep the tube end open.

Appendix C: Determining Voltage Loss in Cable

WET Labs ac-9, ac-9 Plus, and HiStar require 10–18 VDC at the instrument to operate properly. Voltage loss in the cable due to cable length, wire gage, and other factors may result in insufficient voltage at your instrument. We recommend 18 gage or larger wire, and an adjustable voltage power supply for cables longer than 20 meters. 

Use this procedure to set the voltage on your power supply to accommodate voltage loss in the cable.

WARNING

Prolonged operation below 10V will damage the electronics. Once you power up the instrument, complete this test promptly.
WARNING

Supplying more than 18V will damage the electronics.

1. With nothing connected to the power supply, adjust the output to 12V.

2. Turn the power supply off.

3. Connect the cable’s power leads to the power supply.

4. Plug the cable into the instrument. 

5. Plug the cable into your computer.

6. Hold voltmeter probes in the pump connector sockets:

· Black lead on Pin 1

· Red lead on Pin 3

7. Turn on the power supply.

8. Read the voltage at the pump connector.

9. Adjust the power supply until the voltmeter reads 12 to 14V.

10. Run WETView to ensure meter is operating properly.

Notes on power supplies: 

· A high quality power supply is desirable.

· Adjustable voltage is a good feature, but must be used with caution.

· A cheap power supply can damage an expensive instrument.

· 2 Amp continuous output is the minimum recommended rating.

· Battery chargers are not power supplies.

· Batteries while connected to chargers are not power supplies.

· 12V automotive or marine batteries work only with short cables.

Appendix D: Early HiStar Connectors

The earlier HiStars have different connectors. If the connectors on your HiStar do not match those shown in Section 1.1, they are the following types:

Sea/Test Cable Connectors

Bulkhead Connector: Impulse MBH-7-FS-SS

Lock Collar: Impulse DLSA-F

In-line Connector: MIL-7-MP

Lock Collar: DLSA-M

Pin and socket functions are as shown in Section 1.1.

Pump Cable Connectors

Bulkhead Connector: Impulse BH-2-FS-SS

Lock Collar: Impulse DLSA-F

In-line Connector: IL-2-MP

Lock Collar: DLSA-M

Dummy plug: Impulse DC-2-MP

Lock Collar: DLSA-M 

	Pump Cable Pin Connector or Socket Function

	1
	Common

	2
	power output (10–18 VDC)
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