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Telepresence for ocean research and 
exploration has simultaneously come a long 
way and yet still has far to go to achieve its full 
potential. We now routinely send vessels to sea 
with only a small science party aboard while 
any number of scientists participate from shore 
at their home institutions. Using real-time 
communications, chatrooms, logging systems, 
and high-definition video, we have made it 
possible for a scientist to engage meaningfully 
and even run at-sea operations from shore, but 
the experience of shore-based scientists still 
falls short of being at sea. 

One of the major limitations to achieving 
the goal of replicating the at-sea experience 
onshore is the cost and accessibility of 
satellite bandwidth on ships. New technology 
in the form of low Earth orbiting (LEO) 
communication satellites will help to remove 
this barrier. These new constellations of 
satellites promise a major reduction in cost 
and improvement in data throughput, an order 
of magnitude reduction in communication 
latency, and bi-directional data flows. When 
combined with cloud computing services, 
new LEO constellations will open a wide 
range of possibilities for telepresence in 
the near future. The first versions of these 
systems are being launched now and could 
be partially operational as early as the end 
of the year. (For example, as of June 2020, 

Starlink claims 530 operational LEO satellites 
out of a planned constellation of 12,000 or 
more. Speeds of 1 gbps may be possible, 
with 25-35 millisecond data latency. This 
compares to speeds of 5-15 mbps and 500-800 
milliseconds latency for current telepresence 
operations.) As these systems start to come 
online, scientists and vessel operators should 
consider ways to leverage them for new 
paradigms of ocean exploration.

Data collection, not processing, is the logical 
focus of at-sea operations on most research 
vessels: ship time is always limited and 
researchers want to collect as much data as 
possible, deferring data processing to post-
cruise analysis. But post-cruise data processing 
means that any data errors (systemic or 
episodic) are not detected until it is too late 
to rectify them. Perhaps more significantly, 
scientists may miss unexpected findings that, 
if discovered at sea, would have led to updated 
hypotheses or changes in expedition plans. 

With the improved bandwidth LEO 
constellations will bring, vessels will soon have 
the ability to move raw data ashore in real time 
so that technicians can process data and return 
data products to the ship in time to modify 
the plan for the next round of instrument 
deployments. Another potential benefit of the 
increased bandwidth and decreased latency is to 
allow technicians to operate the ship’s systems 
from shore (remote operations like these are 
already increasingly common, particularly 
in the oil and gas sector). Remote operations 
could allow the use of different, possibly more 
efficient vessels; permit more flexibility in 
at-sea staffing; and facilitate different, more 
efficient modes of operation. Significantly 
higher bandwidth would allow for shore-based 
operation of science-class remotely operated 
vehicles (ROVs) for more sophisticated tasks, 
such as sampling, and for the operation of 
multiple vehicles from a single platform.
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These benefits pale in comparison, however, 
to the potential for streaming high volumes 
of data to the cloud in real time. Cloud and 
edge computing could allow for real-time data 
processing and management, swift annotation 
using machine learning, and production of 
data visualization products in near real time 
for at-sea decision making. Bi-directional 
communications at high bandwidth would 

allow the at-sea party to respond quickly to 
analysis and findings produced in the cloud.

One use case is uploading compressed 
imagery from an autonomous underwater 
vehicle to the cloud for processing, with the 
ability to return a 3D photomosaic to the 
ship (or shore-side operators) for planning 
sampling operations or more detailed surveys 
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The future of telepresence involves a flexible architecture where any ship of exploration, autonomous vehicle, or relevant observational 

network can transmit high volumes of full resolution data to low Earth orbit satellites and to the cloud. Data products, including guidance for 
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using ROVs. This same suite of technologies 
could be used to synthesize multiple datasets. 
It will be possible to overlay the values 
from chemical sensors, for example, onto 
a photomosaic and associated bathymetry 
to visualize both the chemical and physical 
conditions of the ecosystems simultaneously 
in near real time, or to ingest data from other 
expeditions to create sophisticated data 
visualizations. These types of cloud-enabled 
advanced visualizations will allow researchers 
to “see” things that human senses cannot 
naturally detect and to use that information to 
inform subsequent instrument deployments. 

Some might question the need for the 
same bandwidth at sea as we have become 
accustomed to at home. But the very high 
cost of ship time – routinely up to $100,000 
per day for typical ocean exploration vessels, 
depending on operational tempo – and the 
relative rarity of expeditions themselves mean 
that every advantage is important. Telepresence 
using existing commercial services has 
revolutionized ocean exploration. The ability 
to control assets from shore to accomplish even 
the most demanding tasks at sea, to process 
data in near real time and return results so 
that expedition operations can be changed in 
response to new discoveries, and the ability 
to capitalize on cloud computing for data 
synthesis, visualization, and other services will 
revolutionize ocean exploration yet again. 

As these technologies become available, the 
deep-sea exploration and research community 
owes it to itself, to the public, and to its 
funders to seize every opportunity to increase 
efficiency and accelerate discovery to advance 
our understanding of the deep ocean. 
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