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ABSTRACT  
A long range AUV requires instruments which are small, consume low power and have a fast response rate. The purpose of this investigation is to test the response rate of three oxygen sensors: the SBE 43, the Aandaraa 3830 and the Aandaraa 4330F.  The longest response times occur at low temperatures. The test instruments were tested at 4ºC in fresh water in the laboratory. The average response time for the SBE 43 was 12 seconds. The average response time for the Aandaraa 4330F was 16 seconds and the average response time for the 3830 was 39 seconds. The SBE 43 had the fastest response time but consumes more power, is larger, requires a pump and needs to be calibrated more frequently then the Aandaraa optodes. In most cases, the Aandaraa 4330F is best suited for the long range AUV. In applications where high accuracy and response time are critical to the scientific mission and the mission time is short, the SBE 43 may be more suitable. All the oxygen sensors fall short of the scientific goal of being able to measure oxygen accurately to 1 meter while the AUV is traveling at 1m/sec. An oxygen sensor would need a 1 sec response time to meet this goal. 
INTRODUCTION 
The Tethys AUV is a small 100kg AUV designed to be deployed for up to six months to a depth of up to 300M.  It travels at a speed of 0.5-1 M/sec at a pitch of about 30 degrees.  Power is constrained to 8 W for the scientific payload. Due to the long deployment times, instruments on the AUV need to be operational without maintenance for three to six months. Instruments also need to be small and consume a small amount of power. 
An oxygen sensor on the Tethys needs a fast response rate to deliver accurate oxygen measurements while the AUV is moving through the water at a rate of 1M/sec. Ideally, a scientist would like to have a dissolved oxygen accuracy of 1 µM per meter. With the Tethys moving at 1M/s the oxygen sensor would need to have a response rate of 1 second.  This is not possible with today’s oxygen sensors.  Oxygen sensors typically have a specified response rate of 25 seconds. In addition, response rates vary with temperature and other parameters. Accuracy is factory specified to about 8 µM unless it is specially calibrated by a third party who can give results of about 2µM.  
The purpose of this study is to evaluate the response rate of three different sensors. The sensors were tested in the ocean and in the laboratory.  
Oxygen Sensor background

There are two basic types of dissolved oxygen sensors:  Clark polarographic sensors and optical sensors. Clark sensors are electrochemical sensors which contain a chamber with an electrolyte, a Teflon membrane and a cathode. Oxygen diffuses through the membrane into the electrolyte fluid and is reduced. As the O2 level increases in the chamber the electrochemical response increases the current at the cathode. The diffusion of the O2 through the Teflon membrane is dependent on temperature and pressure as well as the concentration of the O2. The internal structure and permeability of the Teflon changes with not only pressure but also the rate of the pressure increase.  Structural changes in the  membrane also have a lasting effect. (SBE, 2008).  In this type of electrode, oxygen is reduced by the electrolyte and oxygen is consumed by the cathode. Because oxygen is consumed by the oxygen sensor, it is important that there is a constant flow of new water at the face of the Teflon membrane. In most applications this requires that water is pumped to the face of the membrane.  The power required to pump the water is a concern. More importantly, over time the electrolyte degrades as the medal from the cathode enters the fluid. As a result, the sensor needs to be recalibrated after about 1000 hrs of operation.  Due to the size, power and maintenance requirements of the Clark electrode , optical dissolved oxygen sensors have an advantage. During my evaluation of the response time vendor specifications I found that there was a variation in the way response time was reported and there was not enough information on the test procedures they use to confidently compare reported response times. Response time can vary significantly with parameters like temperature therefore it is important to understand how response times are measured.  Optical dissolved oxygen sensors are based on the principle of fluorescence quenching. A fluorescent foil separates an internal chamber from the seawater. In the interior of the optode instrument there is a blue light source which stimulates the foil to fluoresce red light. When oxygen enters the foil it reduces the amount of fluorescence. The amount of red light emitted is inversely proportional to the dissolved oxygen concentration. 
MATERIALS AND METHODS 
Response Time Lab Test 
Three oxygen sensors were evaluated in a cold room at 4ºC. All of the distilled water, test equipment and instruments were put in a cold room overnight. This was important to decouple the experiment from the response time of temperature sensors. Two water baths were created: one with a high (92%) oxygen saturation and one at a low (1%) oxygen saturation. The high oxygen solution was created by using an air pump bubbler while the water was stirred with a stir bar. The bubbler was stopped for at least ten minutes before the experiment proceeded to ensure that it was not oversaturated.  The low oxygen saturation water was created by adding sodium sulfite until there was a residual amount of the solid remaining at the bottom of the beaker while using the stir bar. The oxygen sensors were placed in the high oxygen solution first and remained there until all the sensors stabled for more then 30 seconds. Once stabilized all three of the sensors where lifted out of the beaker into the air and then into the low oxygen solution. They were left there until all three sensors stabilized to approximately 1% saturation.  The sensors were then rinsed three times in distilled water to avoid contamination before repeating the process. The test was repeated three times. In addition the test was repeated with the Aandaraa 3830 at 22° C and 16°C.
RESULTS

The SBE 43 had an average response time of 12 Seconds. The 4330F had a response time of 16 seconds. The 3830 had an average response time of 39 seconds. 
The response time was measured from the time the sensor was placed in the low oxygen solution to the time that it took to reach 63% of the transition time to it’s lowest stable oxygen level reading. 
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Figure 1:The average response time for the SBE 43 was 12 seconds. Each one of the tests resulted in a response time of 12 seconds. 
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Figure 2:The average response time for the Aandaraa 3830 was 39 seconds. The response time for test 1 was 44 seconds. The response time for test 2 was 37 seconds and the response time for test 3 was 35 seconds.
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Figure 3: The average response time for the Aandaraa 4330F was 16 seconds. The response time for the first test was 15 seconds. The response time for Test 2 was 18 seconds and the response time for test 3 was 15 seconds.  
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Figure 4: The response time of the Aandaraa 3830 varied with Temperature. The test time at 22°C was 21 seconds. The test time at 16°C was 28 seconds. The response time at 4°C averaged 39 seconds.
DISCUSSION 
The test results indicated that the SBE 43 had a similar but faster response time then the Aandaraa 4330F. The 3830 was significantly slower than the other two oxygen sensors. There are some areas of concern in regard to the test methodology. The SBE 43 was not used with a pump because a pretest indicated that the pump dissipated too much heat and also introduced air into the low oxygen container. For these reasons the pump was not used. It is possible that this procedure may not be as accurate as if would be if a pump was used. In addition, it is apparent from the result of a Winkler titration that the SBE 43 was out of calibration.  It is unclear how the lack of a pump and the lack of calibration may have affected the outcome. 
CONCLUSIONS/RECOMMENDATIONS 
The Aandaraa 4330F is a better solution for the long range AUV then the Aandaraa 3830 because it has a faster response time and similar size, power and accuracy specifications. The SBE 43 with a pump is more than twice the size of the Aandarra optodes. In addition the SBE 43 requires calibration more often and consumes more power.  It may however be a better solution for scientific missions that require faster response times and better accuracy. Before drawing a conclusion on the performance of the SBE 43, I would redo the test with a calibrated SBE 43 and redesign the test setup so that the SBE could be pumped while tested. 
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