A glass sphere houses all the electronics needed to power and control PUP’s motors, lasers, camera, and light (Figure 3). The R, Z, and Theta-axis actuators require a stand-alone motion controller (DMC-2183, Galil Motion Control, Inc.) and digital servo drives (DR100RE30A40NDC, Advanced Motion Controls). Each actuator is equipped with a resolver, which was chosen over other position sensors because it was easy to integrate into the oil-filled environment.  Consequently, the digital servo drives were selected primarily because they feature resolver-based commutation; they also provide an emulated encoder output. These encoder signals provide feedback for the motion controller’s position servo loop. The actuators also are equipped with two Hall effect sensors that are triggered as the shaft passes through the home position and the forward limit. The motion controller monitors the status of these limit switches. During early sea trials we experienced a lot of false triggering of these limit switches, which would result in the motion controller essentially locking the motor. Our initial suspicion was that cold or pressure was affecting or had affected the sensors. However after some debugging it was determined that noise of the 24v power lines to the switches was causing the false triggering. This was remedied by placing tantalum capacitors across the power lines. 

In addition to motor drive electronics, the pup sphere houses electronics for peripheral devices mounted on the probe head including: an underwater camera (Deepsea Power and Light, Multi Seacam 2050), a pair of 635nm crossing lasers (C-Map Systems Inc, SLD10), and a custom LED light. The video signal from the underwater camera is fed into a video server (AXIS 2400, Axis Communications). The video server and the motion controller are both TCP/IP compatible, so all communications to the PUP system are through the Ethernet protocol. Two relay boards are used to switch the power provided to the camera, lasers, and lights. Since both the lights and the lasers would affect the Raman spectra during collection, it is necessary for the user to be able to turn these components on and off. Additionally, the sphere houses two sensor boards (900-45T, Applied Geomechanics Inc.) which measure pressure, water, humidity, temperature, and tilt. The signals from these sensors feed into an analog I/O board (DB-20840, Galil Motion Control, Inc.) attached the motion controller. The values of these sensors are displayed on a GUI so the user can monitor environmental conditions. The tilt meter reading provides valuable information when working on uneven areas of the sea floor.  

One cable provides power and Ethernet from the ROV to the PUP electronics housing.  Depending on the ROV the power provided is either 120 VAC or 240 VDC. Since the decision was made to minimize development time, most of the power needs were satisfied by off the shelf power supplies, which were compatible with both the AC and DC inputs. A commercial 12 VDC supply provides power to an Ethernet switch, and the relay boards. A 24 VDC supply provides power to the motion controller, video server, and Hall effect switches. A custom power supply, which accepts either 120 VAC or 240 VDC as input, was built to provide power to the motor drivers. Unfortunately, the power supplies and the servo drives are relatively large and heavy, resulting in a heavy sphere with space available for future development. 

