Deep-Sea Connect and the Raspberry Shake
Since its construction in 2008, MBARI’s MARS deep-sea observatory has hosted over two dozen [check 24 exactly24 exactly] research projects from all over the world. However, hooking up instruments to the observatory can be very expensive--the underwater connectors alone can cost tens of thousands of dollars. To address this issue, MBARI engineers Craig Dawe and David French have developed a new wireless connection system that provides a cheaperless expensive, more reliable method for hooking up instruments to the observatory. Their hope is that the “Deep-Sea Connect” system will allow additional researchers, and perhaps even school groups, to take advantage of the awesome potential of the MARS observatory.
The heart of the MARS observatory, known as the “science node,” acts like a giant underwater USB portextension cord, providing electrical power and a high-speed data connection between instruments on the seafloor and computers on shore.  Unfortunately, unlike a simple USB plug, the waterproof power and data connectors used on MARS can cost up to $50,000 dollars each. This means that, historically, only well-funded researchers have been able to use the observatory.
The new Deep-Sea Connect system was connected to the MARS observatory for the first time on December 17, 2019. Deep-Sea Connect consists of a small metal framefiberglass frame with a titanium pressure housing that holds the “brains” of the system. On the sides and top of the frame are black plastic “paddles” that use radio waves to transmit power and data wirelessly underwater.
As an initial test for the Deep-Sea Connect system, Dawe and French hooked up a small, inexpensive seismometer called a “Raspberry Shake.” Based on the popular Raspberry Pi microprocessor boards, these instruments have been labeled the “Volkswagens of seismometers.” Nonetheless, they can provide data that the manufacturer claims is “better than many of short-period seismometers in current use by the local networks of the USGS [US Geological Survey] and many developing countries.“ 
For their test deployment, the MBARI researchers packaged a Raspberry Shake inside a waterproof housing and added a wireless connector paddle to connect the unit to the main Deep-Sea Connect system.
After using MBARI’s remotely operated vehicle (ROV) Ventana to carry the instruments 900 meters down to the seafloor, the ROV pilots simply placed the paddle from Raspberry Shake on top of one of the paddles on the Deep-Sea Connect system and voila—data from the Raspbery Shake began flowing into the observatory network. Within a matter of hours, the data was visible on the Raspberry Shake web site (https://raspberryshake.net/stationview/#?net=AM&sta=RDE9D). As Dawe noted, “There are over a thousand Raspberry Shake sites around the world, but ours is the only one in the water.”
How Deep-Sea Connect works
The Deep-Sea Connect system transfers data and power wirelessly using radio waves. In most cases, radio waves aren’t much use for communicating underwater because they are absorbed attenuated by seawater. However, the paddles on Deep-Sea Connect are only about a centimeter apart, so high-frequency radio waves from one paddle can easily be detected in the other paddle.
For the initial deployment, Dawe packaged the Raspberry Shake inside a pressure housing that was previously used on one of MBARI’s underwater robots. He used a 3D printer to make the plastic paddles, and bought an off-the-shelf wireless power transmitter from a company called Wibotics. He embedded the power transmitter and a small wifi antenna (Ubiquiti) in epoxy resin to protect them from the pressure of the deep sea. Wiybotics engineers helped the MBARI researchers tune the electronics in the paddles to work efficiently in seawater. 
As with any new system, the researchers discovered a few issues that they need to work out. For example, it turns out that ocean currents cause the cable between the Raspberry Shake and Deep-Sea Connect to vibrate, and these vibrations are picked up by the Raspberry Shake seismometer. The team also discovered that Raspberry Shake systems were sensitive to electronic noise from the MARS node and other instruments hooked up to the MARS network.
“This was just a trial run—a proof of concept,” said Dawe. We’ll leave the system out for a few months and see how it behaves. Then we’ll probably recover it and make some improvements.”
[bookmark: _GoBack]Dawe continued, “Once we know the system is reliable, we’ll be looking for individuals or groups that would like to hook up new instruments—cameras, hydrophones, or whatever. This could be for research, education, or outreach. We’ll even provide the paddles. The overall cost would depend on the instrument, but I think the connectionit could be done for a few thousand dollars.”
Dawe concluded “Our overall goal is to find and encourage new users for the MARS observatory—teachers, students, or researchers without a lot of money. We’re particularly interested in finding ways of getting data from MARS into school classrooms, so we can help inspire the next generation of ocean scientists and engineers.”
