A 5 megapixel, color digital C-Mount camera GC2450C from Allied Vision Technologies, captures images of the sediment collected on the slide. Each pixel in the image represents a distance of 13.9 µm on the sample slide, with optical resolution of 72 pixels per mm.
The camera is mounted inside of the controller housing and looks down through a flat-plate viewport, and flat sample slide viewport with 25 mm clear aperture. The volume between viewports is filled with 50% ethanol solution to act as a biocide and optical interface, and pressure compensated by means of a length of a soft PVC tubing. 
Camera is equipped with 12-36 mm C-mount Computar 11A variofocal video lens, Edmunds part NT57-680; couplet to the camera thought generic 5 mm C-Mount spacer to accommodate for shorter viewing distance. Zoom of the lens is adjusted to match the clear aperture of sample slide viewport to the field of view of the camera with some 5-10% margins per side to allow for mechanical imperfections. Focus and diaphragm of the lens are adjusted for a sharp image at the surface of the slide, with a depth of focus approximately + 1mm /  - 3 mm to accommodate for a taller  particles accumulated on the sample slide. 

Zoom, focus, and diaphragm of the lens are pre-adjusted on the bench using a test target positioned at the certain distance in the air, simulating combined optical thickness of the two viewports and an optical liquid interface, calculated from CAD model of the assembly based on thicknesses and refractive indexes of the optical elements. Camera lens, adjusted using this procedure, did not need any further readjustments, which otherwise would require time consuming draining of the interface liquid and removal of the pressure housing for each adjustment. 
Sample slide is made of translucent generic high molecular weight polyethylene to act as a volumetric light diffuser capable of operating underwater; with a thickness of 10mm, selected as a compromise between light uniformity across camera field of view, and efficiency of light transmission. Diameter of the slide (31.5 mm) is selected to be slightly larger then clear viewport aperture to allow for some inconsistency of mechanical indexing of carousel. 

Two LED lights illuminate the sample: direct front illumination is provided by 8-LED ring, placed around outside of the front edge of camera lens inside the pressure housing, and 3-LED external light in its own pressure housing for diffused illumination through the back of the translucent sample slide. Ring light is made of Black Delrin with eight 4.97 mm holes equally spaced around lens centerline and populated with eight T-1 ¾ Lumex SLX-LX5093UWC/C LEDs, positioned at 20 degreed relative to lens centerline so light beam of each LED is crossing centerline and illumining opposite corners of the slide for shadow-less illumination. 

External light is made of titanium pressure housing with a front quartz window, with 3 pieces of T-1 ¾ Lumex SLX-LX5093UWC/C LEDs, equally spaced around centerline, and positioned such as they touch each other and their light beams are parallel to the centerline. To achieve a compromise between uniformity of illumination and efficiency of light delivery, the LED light position is first adjusted in the air to achieve desired image brightness and uniformity, and then distance is increased by a ratio of water-to-air refractive indexes to correct for underwater illumination, final mechanical position of a light source is about 38 mm under the sample slide. 
[Description of fluorometer here by Denis]
The fluorescence data is acquired by optical 2-band fluorometer built in house, at 690x10 nm and 590x10 nm optical bands, providing proxy to the concentration of Chlorothyll A and accessory pigments on the sample slide. Fluorometer is installed in a separate pressure housing connected to the main housing with underwater cables for power and control signals. 
Excitation is provided by blue LED LXHL-NB98 from Lumileds with built-in optical reflector forming pre-collimated, slightly divergent beam with 20 mm linear aperture, and passed thought 25 mm 480x30 nm bandpass filter to minimize cross-talk between optical channels. 
Detector is comprised of two Hamamatsu PMTs, H7155 for 590 nm band, and H7155-01 for 690 nm band, operating in photon counting mode. Each PMT has a set of neutral density filters installed in light tight enclosures along with 590x10 and 690x10 interference filters immediately in front of PMT for overload protection, made of 25% transmission optical film #98 from Roscolux of North Hollywood CA; 590 nm band PMT is equipped with 2 filters totaling 6.2% transmission, and 690 nm band – with 4 for 0.4% transmission; different number of filters are used to equalize sensitivity between optical channels. 
Light paths to two detectors and excitation LED are combined using conventional setup with two generic dychroic 25 mm 45 degree filters, first one reflecting blue light < 510 nm from LED at 90 degrees to the sample slide and passing resulting fluorescent signal to the detectors; and second – reflecting yellow 550-620 nm light to 590 nm detector, and transmitting red light to 690nm band detector. In addition, 25mm front surface generic aluminum coated first-surface mirror is used in front on 590nm channel PMT to fold the optical path to reduce a size of fluorometer. 
Original fluorometer design included a 25mm x 80 mm EFL lens in the optical path to collimate LED beam on the slide, however during testing it was found that this lens provided too much collimation and up to 4x variation of fluorometer sensitivity across the sample slide, so it was eliminated resulting in more acceptable 2x sensitivity variation across sample slide. 
Further testing revealed the problem of stray light inside a fluorometer housing resulting in excessive channel cross talk and signal from reflective target (bead-blades aluminum plate with non-reflective flat texture) compare to a test fluorescent target (4 mm disk cut of a green leaf) reaching up to 25%. Subsequent installation of additional baffles and painting mechanical parts around optical path with generic black paint with flat (non-reflective) texture reduced this ratio to a more acceptable level of about 2.6%
The operation of the fluorometer is controlled from main PC104 board stack in the main housing. LED is powered by a signal with predefined pulse length of about 1 sec, and 20mA current. Photon counting pulses from each PMTs are passed thought 12 bit hardware counters, wired to reduce frequency of the signal pulses as 1:64. Subsequently number of pulses are counted over the LED pulse length and resulting number of pulses are stored in the controller memory as F590 and F690 signals for each sample on the slide. 
---------------------------------------------------------

Materials and Methods
Mechanical Hardware

Started with commercial McLane sediment trap. Modifications included:

Sample bottle carousel replaced with sample slide and cleaning mechanism.

Ti frame extended to accommodate drop-weight release and battery housing.

Plastic carousel platform was reinforced to accommodate added weight of camera and fluorometer.

Carousel bearing was modified to greatly reduce friction, reducing load on motor.

Deployed as ?-m-long mooring string with spar buoy and syntactic foam flotation at top, and steel drop weight at bottom.
The mechanical design of the SES was achieved by modifying a commercially available sediment trap [McLane Laboratories model Mark78H-21]. The 80-cm diameter collection funnel covers an area of 0.5 m2 and is contained within a cylindrical titanium frame. We extended the original 164-cm high frame an additional # cm to accommodate the battery and drop weight release mechanism.

We replaced the sample-bottle carousel with a new carousel containing a single sample slide, which rotates with the carousel. The slide is held in a horizontal orientation in the collection and analysis positions. A cam-driven mechanism moves the sample slide to a vertical orientation and passes it between a set of cleaning brushes to remove any collected material before starting the next collection cycle.

[Larry continue this…]

Sensors and Electronics

The original McLane Sediment Trap had a simple controller to advance the sample bottle carousel to the next position at a programmed interval. A much more sophisticated controller is required to interface to the SES’s camera and fluorometer, and so the original controller was replaced. The new controller uses a PC/104 stack comprised of an ARM9-based CPU board, a relay board to switch power to the lights and sensors, Ethernet and RS-232 serial interface boards to connect the sensors to the CPU, and a real-time clock. A separate stepper motor controller board [Allmotion model EZ-17] drives the original McLane carousel motor to move the sample slide between the collection, imaging, and fluorometry stations. A Hall-effect switch senses the position of the carousel to index the stations.

A large 28 V battery comprised of 240 alkaline D cells powers the SES system. The battery provides about 2500 W-h of energy – enough to process over 1300 sediment samples. The SES spends the vast majority of its time collecting sediment, so it’s critical that all the electronics can be put into a very low-power state while the system is “sleeping.” This is accomplished by a custom power controller board, which has DC-to-DC converters to convert the 28 V battery voltage to the 5 V and 12 V required by the system. The power controller is capable of providing up to 39 W while the system is processing a sample, although the current system uses less than 20 W. Once the sample is processed and the sample slide is back in the collection position, the power controller removes power from the rest of the system and puts itself into a sleeping state, consuming only 330 µW until waking the system for the next sample. This approach allows the use of commercial computer boards and sensors that aren’t particularly optimized for low power consumption, while still keeping the average power consumption of the system low enough for yearlong deployments.

Software

Control code is written in Ruby running under Linux.

Missions are controlled by scripts, which are easily modified. Changes don’t require recompilation of the core code.

A test script exercises all SES functions for testing just prior to deployment.

Extensive log files are recorded to aid in performance diagnostics.

