By Anders Tengberg, 01-10-17

Manual for autonomous planar optode operation

Written for Henry Ruhl as a guidance for the “Scanner lander cruise” in October 2001

11. Introduction

2. Mechanical check before use
1
3. Start up and basic adjustments of the camera
2
4. Placing of the foil
4
5. Program settings
4
6. Calibration
4
7. Measurements
5
8. Stopping the automatic session and download of data
5
9. Mounting of the optode on the lander
6
10. Storage of the equipment after the cruise
6
11. Spares
6
12. Relevant references
6
13. Appendixes
6


1. Introduction

One point optical micro-sensors and two-dimensional planar optodes (see below) employ a measuring principle which is relatively new in oceanographic research. The measurements are based on the ability for selected substances to act as dynamic fluorescence quenchers. For example for oxygen, if a ruthenium-complex is illuminated with a blue LED it will be excited and emit back a red luminescent light with an intensity, or lifetime, which directly depends on the ambient oxygen concentration. By immobilizing this and similar substances in polymer matrices which adhere to glass or plastic, electrode sensing tips/foils are created.

For planar sensing the fluorophore is immobilized in thin foils and the O2 sensitive fluorescence intensity or lifetime is quantified by a digital camera. Imaging of benthic O2 distribution partly overcome the limitations of one-dimensional concentration profiles when describing solute distribution at heterogeneous interfaces which truly are 3-dimensional. 

The planar optode presented in this manual is an autonomous version of the one described in the paper by Glud et al (L & O, 2001, in press). For more details please refer to this paper. I think you have it.

2. Mechanical check before use

1. Check that the prism on the camera pressure case is not leaking. If it is it is most probably due to that front window is not watertight or that the o-rings, where the prism is attached to the pressure case, have been damaged. You have already gone through the process of fixing a leaking front window by replacing the silicon seal. I hope it is OK now. The four hex bolts on the top of the prism should be hardly tightened, if they are not leakage may occur there. If O-rings are damaged they need to be replaced by new. A full set of O-rings are available in a plastic folder in the box with spares that you have. In this folder a drawing of how the O-rings are mounted is included. Please note that there are several available diameters.

2. Check that there are no air-bubbles inside the prism. If there are they have to be removed by letting them escape up through the pressure compensation tube on the backside. If the air-bubbles are small it might be impossible to remove them without opening the prism. To avoid creation of air-bubbles it is best to fill the prism with distilled water that has been degassed through boiling. The water should be allowed to cool down to room temperature before filling. If not leakage may occur due to rapid differences in temperature dilatation between the materials (metal and acrylic). I have experienced leakage before when filling with hot water.

3. Remove any air-bubbles in the pressure compensation tube. If there are some small bubbles it should not be a problem but if they become big the pressure compensation might not work properly.

4. Mount the camera in the camera pressure case. You should be careful so that it is positioned the right way. But you will have to check this by turning it on and taking photographs. Mount it as far back as possible then you will see a bigger surface, which will be useful if the oxygenated zone extends over several centimeters in the sediment. This is probably the case for the sediments you will be measuring on at station M.

5. Check inside the “system control pressure case” (which also contains Rob’s video camera) that all the electronic cards are properly mounted and can not move around. Also check that none of the electronics is touching the metal mounting rack and that no nuts and bolts are loose and creating shortcuts. Check that all electronic connectors are connected in the right places (see figure #1 and markings on the connectors). Check that no welded wires have come off.

3. Start up and basic adjustments of the camera

When everything is hooked up you can connect the power, from Rob’s power supply, to one of the DC/DC converters (see figure 1). Be sure to connect on the “POWER IN” side. A suitable voltage is between 12-15 V. The two DC/DC converters will transform to 12 V where that is needed and to 5 V for the electronics that requires this (see figure 1). The power consumption at the start should be around 4 A at 12 V (50 W). When power is applied the cooling on the camera will start and if the camera has the required contact with the video readout board it should blink red/green until it is cooled down. The cooling takes a couple of minutes (3-5 minutes). When the camera chip is cooled to around –15 degrees Centigrade the red/green blinking will turn to green continuos light and the power consumption will drop.

If the camera is continuously red it normally means that there is a bad connection between the video read out board and the camera. It can be due to that the coaxial connectors have been switched the wrong way. Transmit (Tx) on the camera should be receive (Rx) on the video readout board and vice versa. Turn off the camera power when you switch them around. Then switch the system back on again and see if it starts blinking green/red. If not it might be that one of the coaxial cables have come off and have to be re-welded. You can check which cable is bad by using a normal coaxial cable, without passing through the bulkhead connectors in the pressure cases.

When powering up the blue LED’s normally blinks and stays on until the program Look@molli is started. This is however random and sometimes it can happen that they do not come on.

When the power is started you will hear the hard disk turn on and boot up. It normally then also automatically starts the PC anywhere program which makes it possible to communicate through the Ethernet connection on the Cool monster with a laptop. You should use a special cable with a twisted connection that Rob gave me and that is available for the system. The laptop should have the IP address: 10.0.0.2 and the cool monster: 10.0.0.1 the netmask for both should be: 255.255.0.0. Rob knows all this and is very familiar with PC anywhere.

If your laptop has connection with the cool monster you can log in by using Anders (I think) as the password. Since you have already started the system I guess you already know the password. If the camera is green you are no ready to start the Look@molli program and to take pictures. When you start the program the blue led’s should switch off.

By clicking on the icons at the top you can take continuos pictures and you can take single images. If you use the continuos image mode you will se if there is noise and how to adjust the cables to minimize this noise. I am sorry that the noise still remains I have done everything I could to get rid of it but it has not been possible. The only way seems to be to have special coaxial bulkhead connectors, which takes the coaxial cables through the pressure cases without removing the shielding.

If the camera is making a clicking sound it is not because something is wrong with the camera, this has been checked by the manufacturer. It is because the shielding is bad. Try to get rid of it by moving the cables.

The next step now is to insert the camera in to the pressure case with the prism and to adjust the focus and the incoming light opening. If the light intensity is to high or to low you can adjust this on the lens by adjusting the opening. To focus the camera probably means that you will have to take the camera out several times and turn and adjust the lens little by little. A good way of doing this is to place a transparent ruler on the front window. When you can se the scale nice and clear on the ruler the camera is in focus. Please make sure that the camera is properly fixed on the rack so its relative position can not change after the adjustment has been done and do not touch the lens setting again after this.

DO NOT LEAVE THE CAMERA ON INSIDE THE CLOSED PRESSURE CASE FOR TOO LONG. The cooling of the camera heats the whole pressure case up and after some time the camera is not able to cool down properly any more and it will not function as it should. This is only a problem in the lab where the surrounding temperature is high.

Once you have adjusted the focus you should measure how big surface you can se with the camera. This you do with the ruler and you can use a thin marker pen to mark the outer borders of the area that you see. It is this area that you will se with the foil and it is also important that you mark the “height” of this area on the side of the prism. In this way you will be able to adjust the relative height of the Planar Optode with respect to the lander chamber. When the optode is inserted with the chamber it is crucial that the sediment water interface arrives approximately in the middle of the “seeable” area. A bad penetration of the planar optode was the reason we did not get any good data from the last cruise.

Now if everything is adjusted you should prepare the camera for measurements. In front of the lens you should fix the thin plastic filter that you should have available there at Scripps. It is cut to the dimensions of the lens and it is good to make sure it stays there by taping the outer borders of it to the camera. Once this is done you should fix the diachroic mirror holder in front of the camera. If everything is right it should be possible to turn the assembly where the two mirrors (the diachroic and the mirror in the prism) are parallel and where you can clearly se all the LED’s blinking if you look into the front window. In this position it should also be possible to attach the lid with the C-clamps. If all this is right everything is fine and you should mark the exact position on the upper rime so that you will easily find it again if you take the lid of. If the position is not right it might be that you have mounted the camera up side down from the start (I hope not) and you will have to turn it around.

4. Placing of the foil

You should now be ready for some real measurements. Apply one of the new foils on the front window (they were sent yesterday by DHL express you should have them there this week). The foil should be cut so that it has approximately the same size as the seeable part of the front window. To make the foil stick to the window you apply a thin and regular layer of silicon grease on the back side of the foil (this is best done with a plastic ruler, the universal instrument) and place it so that it covers the seeable area. The foil should be taped at the borders with black tape and the rest of the window should also be taped so that no light can penetrate from the sides.

5. Program settings

You should now set the parameters in the program approximately right. If you have two buckets of cold seawater (you can put them in the fridge prior to use) one with an air pump (there is one available among the planar optode items) and one with a regular pump (there is also one available). In the one with the regular pump you should add some sodium sulfite, there is a plastic vial available with this but do not use all since you will need it for the calibrations later on. The sodium sulfite removes the oxygen and as long as you can se some crystals in the water it is normally anoxic.

Optical sensors shows the highest fluorescence in anoxic conditions and therefore you adjust the settings here first to avoid that your measurements “go out of range”. In Look@molli you should do the following:

1. Press the light icon (the one with a light ball) and choose “the shark fin” method to take the pictures.

2. When you press “shark fin” all the settings will appear. The normal setting should be Light on=4 µs; dark period I=4 µs, T1=5 µs and 1 = 1 µs. The rest you do not need to change except for the integration time. The integration time can be set between 50-450 µs. If you start with for example 200 µs and take a single picture in the anoxic water. If this picture is good (without shielding problems) you can move your pointer over the picture. In the lower right corner you will see the x and y coordinates of the pixel as well as the value for it. The lighter areas are the areas where overflow might occur and the value should never exceed 4095. If it does you should decrease the integration time and take a new picture. Continue this maneuver until the maximum values are around 3600. If the values are lower you will have to increase the integration time.

3. Now move the optode over to the oxygenated water and leave it there to stabilize for some minutes. When you take a picture here it should be much darker. If this is the case you know that your system works.

6. Calibration

It is good if you do a couple of lab calibrations before the cruise just to see that you get the feeling for it. Then it is good if you do one just before a deployment and one after. The procedure is the following.

1. Place the closed planar optode and the two buckets of seawater in the fridge so that they have approximately in-situ temperature 2-5 degrees Centigrade. Before closing the pressure case check that the O-ring is not damaged and that there is no dirt in the O-ring grooves. Use silicon grease on the O-rings. Also fill the pressure case with Nitrogen or Argon, I do not remember what Rob is using, top avoid condensation inside at shifting temperatures.

2. Take out the buckets and start the air-bubbling in the oxygenated one and the pumping in the other, also add some sodium sulfide to this bucket. Place the planar optode in the oxygenated water and let it equilibrate for 10 minutes. The reason for starting in the oxygenated water is that if you move the instrument from the anoxic water to the oxygenated crystals of sodium sulfide that sticks to the instrument might lower the oxygen concentration.

3. Take about 10 good pictures that you save in a calibration folder. Pictures with noise there is no need to save. Continue to take pictures until you get about 10 good ones.

4. Move the planar optode over to the anoxic water and take a new set of 10 good pictures.

5. Check that you have been able to save the pictures and that you can open them again from the program.

7. Measurements

If you have done the calibrations it should be easy to set-up the assembly for automatic measurements. There is a button in the program, which allows you to do automatic measurements after powering up the instrument. What it does when you switch on the power is that it starts Windows NT, it logs in automatically (that is why you will have to supply the Windows NT password and login name), it starts Look@molli and it senses the cooling temperature of the camera. Once the cooling temperature is below a certain value, I do not remember which, it starts to take the preset number of pictures. You will have to choose how many and at what time interval. My suggestion is that you take 30 pictures, with no averaging, at each session with 5-second intervals. This will make a total session about 10 minutes long so this is how long Rob will have to leave the power on for. After the pictures have been taken the program shut itself down and it also shut Windows NT down, which makes it safe to turn off the power. DO NOT SHUT DOWN THE POWER BEFORE WINDOWS NT IS SHUT DOWN.

The taken pictures will be stored, on the hard disk, in a folder and under a name that you have chosen. I recommend that you do a couple of power on/off sessions in the lab and check if all the pictures are there and if some of them are not noisy. If you manage to get some without noise everything should be fine. Remember to clean the hard disk from test session pictures if not there is a risk that you eventually will fill it.

8. Stopping the automatic session and download of data

If the instrument is in automatic mode it will continue to do measurements every time you power it up. To stop it you will have to connect your laptop and after powering up you continue to start PC anywhere until you get contact with the Cool Monster. At this moment and when Look@molli is running you can click to stop it and the autonomous mode.

Picture can be easily downloaded, there is a special function in PC-anywhere, to your laptop and from there transferred to a ZIP disk or burned on a CD. After the expedition the best thing is probably that you burn the data onto a CD and send them to Ronnie. He has the latest IDL-software to do the evaluation of the pictures and he is very experienced in this. A full station consequently contains the following pictures:

1. Ten good calibration pictures in oxygenated water from before the deployment.

2. Ten good calibration pictures in anoxic water from before the deployment. If you can please measure the water temperature in the two buckets.

3. Five times 30 pictures (a total of 150) from the in-situ deployment. It is very important that Roberta also takes some samples for oxygen titration from the lander Niskin bottle and/or from a close to bottom CTD cast at the same station.

4. Ten good calibration pictures in oxygenated water from after the deployment.

5. Ten good calibration pictures in anoxic water from after the deployment. If you can please measure the water temperature in the two buckets.

9. Mounting of the optode on the lander

The most important here is of course as I have written earlier that you position the middle of the foil approximately where Rob think the sediment-water interface will arrive. Since the surface that we se on the foil is not so big it will be tricky but let us hope for the best and if the lead screw for chamber penetration is working fine it should be possible as long as you think about it before the deployment.

10. Storage of the equipment after the cruise

It would be good if you after the cruise can take out the camera, check that everything seems fine and put it in its case. If you then store it and the rest of the electronics in a secure place in your labs that would be excellent. I think that the best thing would be if I pick all the things up when I come to San Diego the next time. This will probably be in the beginning of the year and I have discussed with Ken to come over to try to help out in the process of writing the lander paper and possibly also to discuss other possible future projects.

11. Spares

At Scripps in the boxes I prepared for you will find some spares. This include screws and bolts, O-rings two extra Cool Monster processors with RAM etc. I hope none of it will be needed but before the last cruise the Cool Monster broke. If this happens you can just exchange it. Rob knows how to do it.

12. Relevant references

Glud R.N, A. Tengberg, M. Kühl, P. Hall, I. Klimant and G. Holst (2001) An in situ module for planar O2 optodes measurements. Limnology and Oceanography (in press).
I think you have it.

13. Appendixes

1. Figure 1: Drawing of the connections and cables in the pressure cases. It is best if you print this picture out in good quality color. If not it is difficult to distinguish the details.

2. Figure 2: A suitable sequence for how to take pictures during a bottom deployment. This sequence should be programmed by Rob in the main program.

3. Figure 3. Details of power consumption and price of the different parts of the system.
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