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Abstract— This paper describes an ROV remote presence 

control exercise conducted over both Geostationary Orbit (GEO) 
and Low Earth Orbit (LEO) Satellite Communications links. Its 
purpose was to investigate and compare the reliability, latency and 
available bandwidth provided by both systems for the chosen 
application. The ROV used is operated by the Centre for Robotics 
and Intelligent Systems (CRIS), University of Limerick, Ireland. 
It was deployed in December 2022 from the Irish Marine 
Institute's Research Vessel (RV) 'Tom Crean', off the south coast 
of Ireland and was controlled by a PC running OceanRINGS 
smart software control system. The GEO Satellite 
Communications link used was the vessel's VSAT system, and the 
electronic phased array antenna, router and mobile phone hotspot 
provided the link to the Starlink LEO constellation. A remote 
operator located in Co. Sligo, Ireland, accessed the OceanRINGS 
control PC across a TeamViewer link. Upload and Download 
connection speeds and Latencies between the OceanRINGS PC 
and onshore servers were recorded. A series of exercises were then 
performed, remotely altering the heading and depth of the ROV. 
Wireshark network protocol analyser was used to capture packet 
data from the network interfaces throughout the exercises. On 
analysis, it was found that the use of the LEO satellite link 
significantly reduced latency when compared to the GEO link, 
while transfer speeds increased by a factor of 13.78 (download) 
and 7.71 (upload). The exercise demonstrated that both satellite 
connections could facilitate high-level remote presence control of 
the ROV. 

 
     Keywords—Marine Robotics, ROV control, Remote Presence, 
Satellite Communications, Ocean Science. 

 

I. INTRODUCTION 

This research aims towards the provision of a wideband, 
low latency Beyond Line of Sight (BLOS) communications 
system for deployment on a remote ocean buoy or platform. 
The system is required to facilitate robotic residency for 
scientific research. The system aims to increase the volume and 
complexity of observational data backhauled from remote areas 
of the ocean inaccessible by terrestrial links. This will result in 
increased research capacity and expansion of scientific 
knowledge, leading to a clearer understanding of ocean 
parameters.  

This project (Grant-Aid Agreement No. PDOC/19/18/01) is carried out 
with the support of the Marine Institute under the Marine Research 
Programme funded by the Irish Government, co-financed by the European 
Regional Development Fund (ERDF). Research survey (TC22017) is 
supported by the Marine Institute and is funded under the Marine Research 
Programme by the Government of Ireland. 

 
Fig. 1  ROV with Launch and Recovery System (LARS) 

 
 



The exercises conducted as described below facilitate the 
decision-making process during the design phase of the 
communications system, helping to assess the capability of both 
LEO and GEO networks and equipment in operational 
situations. The exercises have been conducted using the 
Research Vessel to ensure a pilot is on standby to resume 
control in the instance of connection failure.  

II. BACKGROUND AND MOTIVATION 

Sustainable Development Goal (SDG) 14 of The United 
Nations 2030 Agenda for Sustainable Development (adopted in 
2015 [1] calls for its member states to: "Conserve and 
sustainably use the oceans, seas and marine resources for 
sustainable development" ([2] p. 26.). 

In response to this, the Intergovernmental Oceanographic 
Commission (IOC) of the United Nations Educational, 
Scientific and Cultural Organisation (UNESCO) is currently 
coordinating a 'Decade of Ocean Science for Sustainable 
Development' from 2021 – 2030 [3]. This decade has been 
designed towards the achievement of SDG 14, calling for 
increases in technological innovations to facilitate widening the 
global footprint of ocean observations. Challenge 7 of the 
Ocean Decade has been identified as being the Expansion of the 
Global Ocean Observing Systems, supporting the development 
of regional scale facilities [4]. 

The 2030 strategy adopted by the Global Ocean Observing 
System (GOOS) plans to increase the capacity of standard 
observational activities in alliance with the Ocean Decade. 
Their three key areas of focus are Climate, Forecast and 
Warning, and Ocean Health [5]. The strategy indicates the need 
for a significant increase in observations over a broader ocean 
footprint, with objective 8 aiming to support innovation in 
observing technologies and networks [6]  

This increased demand for scientific and oceanographic 
knowledge over a wider field has led to an increase in the 
complexity of instrumentation used for data collection, for 
example, Remotely Operated Vehicle (ROV) video surveys to 
monitor marine litter [7], explore coralligenous banks on a 
continental shelf [8], and discover a rare shark nursery [9]. 
These types of ROV surveys require a topside vessel on the 
station, providing energy and communication capabilities to the 
subsea robots. Both the spatial and temporal footprint of the 
surveys are limited, and the costs are high: e.g., the RV 'Celtic 
Explorer' operates at a daily rate of €22,000, with an additional 
charge of €7,000 for the 'Holland I' ROV [10]. These 
prohibitive costs and the increasing need for complex scientific 
data over a broader footprint have led to associated research 
into the use of autonomous underwater vehicles [11], the shared 
use of industrial ROVs for scientific applications [12] and the 
design for subsea robotic residency [13]–[15]. 

Residency occurs when an unmanned vehicle is deployed 
and left for a period of time on the seabed:  It is capable of 
autonomous repeated mission execution, i.e. deployment, 
operation, docking, data upload, recharge, and re-deployment 
from its subsea station without the need for topside vessel 
support [16]. This increases the temporal footprint of 
observation and reduces ship time costs and carbon 
consumption. Remote presence control adds the ability of the 

intervention to remote residency, i.e., control of the robot from 
a shore station over a communications link [17]. A remote pilot 
can view a live video stream from the cameras on an ROV 
during teleoperation, and take action as necessary, e.g., 
interface with the robot's manipulators to collect a specific 
scientific sample or specimen. This live feed can also be used 
for purposes of educational and outreach telepresence and to 
enable scientific intervention in real-time decision-making 
[18], [19]. 

Robotic teleoperation requires a high bandwidth, low 
latency communications link [20] This can be facilitated near 
shore by using terrestrial networks or microwave transceivers, 
for example, the equipment used to transmit wideband acoustic 
data ashore from a buoy and lander in Galway Bay [21]. 
However, if operating Beyond Line of Sight (BLOS), wideband 
maritime satellite systems offer relatively high cost, high 
latency connections [22] that are believed to be unsuitable for 
remote teleoperation involving intervention [23]. Maximum 
Latency values tolerable for robotic applications vary with 
system dynamics [24]. A control system may also become 
unstable because of high latency values [25].  

Examples of current maritime offerings include the Iridium 
Certus® 700 (with a download speed of up to 704Kbps [26]) 
airtime service 10 GB plan costs $2,199.85 per month, 
excluding equipment [27]. And Inmarsat FleetBroadband 
(FBB) with a cost of $2,950 per month also for 10 GB of data, 
with additional charges for streaming IP [28]. FBB has been 
previously used by the Ocean Observatories Initiative (OOI) for 
high data transfer from buoys at selected sites [29][30].  

The planning and evolution of mega-constellations of Low 
Earth Orbit (LEO) communications Satellites, e.g., Starlink, 
OneWeb and Project Kuiper, is broadening the availability of 
wideband BLOS communications both from a coverage [31] 
and cost perspective. This continued system expansion has 
increased the viability of remote robotic residency for scientific 
exploration and data collection. LEO satellites typically orbit at 
altitudes of between 160 – 2000 km above the surface of the 
Earth, in comparison with satellites at a Geostationary Earth 
Orbit (GEO) of 35,786 km [32]. Because of this distance, 
signals travelling to and from the GEO satellites incur a delay, 
inducing latency in the communications system estimated to be 
approximately 620ms [23] This estimation reduces 
substantially in LEO communications systems, which offer a 
round trip latency of around 50ms [33]. It was therefore deemed 
necessary to conduct operational tests using and comparing 
both LEO and GEO systems to assess if they were fit for 
purpose for deployment in remote presence applications.  

III. HARDWARE AND SERVICES 

A. Ship and ROV 

Commissioned in 2022, the 52.8m Irish Marine Institute's 
purpose-built Research Vessel (RV) 'Tom Crean' is designed 
and equipped to accommodate ROV surveys. It is powered by 
2 x 1,350 kW and 1 x 400 kW Generators and has a 2,000 kW 
INDAR Main Propulsion Motor. It is capable of Dynamic 
Positioning and is fitted with a retractable Sonardyne Ranger 2 



USBL for underwater navigation [34]. The Centre for Robotics 
and Intelligent Systems (CRIS) led a ship-based mission on the 
RV 'Tom Crean' from December 10th to 19th, 2022. The purpose 
of the research cruise and ROV survey was to conduct an 
Automated Inspection of Offshore Wind infrastructure both 
above the waterline with UAVs and below with UUVs. ROV 
'Étain' is operated by CRIS and was mobilised on the survey. It 
is an electrical Comanche by Forum Energy Technologies Inc.  
(figure 1), with enhanced OceanRINGS Control system 
environment and hydraulic capabilities for underwater 
manipulators [17]. The experiments, as detailed below, were 
conducted during a slack time between survey missions, when 
the ROV was in OceanRINGS automatic 'Hold Position' mode 
below the water.  

B. Satellite Communication Systems and Services 

The GEO Satellite Communications link used for the 
exercise was the vessel's existing Sailor® XTR 1000TM VSAT 
Ku band system on the Thor 6 K2 network. The antenna has a 
1030mm reflector that is stabilised in 3 axes for tracking. It is 
housed in a radome of 1497.8mm high x 1303.6mm in diameter 
[35]. The vessel is also fitted with a Celerway STRATUS and 
StellaDoradus i-Repeater R6 for cellular connection, when 
operating in range of terrestrial networks [36]. The cellular 
system was bypassed during the exercise to ensure that the 
VSAT alone was used.  

                                                           
1 A division of Spacex, 

Launched in 2009, THOR 6 is a GEO Satellite owned and 
operated by Telenor Norway and is positioned at 1⁰ West [37]. 
It has 36 Ku-band transponders, with bandwidths of 27 MHz 
(K1) and 33 MHz (K2). The downlink is linearly polarised and 
operates at a frequency of 11.70–12.50 GHz (K2). K2 Uplink 
operates at 17.30-18.10 GHz [38]. The standard 756 kbps 
uplink on the vessel was increased to a Committed Information 
Rate (CIR) of 2048 kbps for three days during the cruise to 
facilitate the exercises. 

The LEO satellite system used during the exercise was the 
Starlink1 RV service, now known as Starlink Roam. This mega 
constellation of over 3,300 operational satellites is deployed in 
orbital shells at altitudes of 547 – 577km, with planes inclined 
at 53⁰, 97.5⁰ and 70⁰ to the equator [39]. Starlink satellites use 
both Ku and Ka-band frequencies; Ku band uplink frequencies 
from the user terminal to the satellite range from 14.0 to 14.5 
GHz, with the downlink frequency ranging between 10.7 – 12.7 
GHz [40]. Ka-band frequencies are also used for 
communications between gateways and satellites and for 
tracking, telemetry and control [41]. Electronic phased array 
antennas are used with the Starlink service to enable fast 
tracking and beam handover [31], as LEO satellites have an 
orbital velocity of around 7.5 km/s relative to a stationary point 
on the ground [42]. The standard Starlink dish used on the 
exercise was 53mm long x 303mm wide with a maximum 
height of 544mm [43]. It has onboard motors for optimal 
orienting and was mounted on the roof of the ROV control 
cabin, as highlighted in Figure 2. 

IV. SOFTWARE, NETWORKING AND CONTROL 

A. OceanRINGS 

OceanRINGS smart software control system was used to 
pilot ROV 'Étain'. Developed by CRIS at UL, it can be 
configured and modified as necessary to facilitate a range of 
robotic control operations [44]. The software consists of a three-
layer architecture; (i) A top layer user interface for control inputs 
and device monitoring, (ii) A middle layer that interfaces 
between the ROV and the topside platform/ship and (iii) A 
bottom layer for fault-tolerant control [45]. The software's 
ability to switch between 'Virtual' and 'Real-World' control 
environments [44] make it a valuable tool for educational and 
research purposes. The exercises described below were 
conducted in the virtual environment during the planning stage 
before being conducted using the actual ROV. This safeguarded 
the ROV during the initial control tests and reassured the 
operations team by enabling a practice run before going 'live.' 

B. Networks 

The onshore PC was connected by ethernet cable to a 
Huawei 4G router (Model B818-263) on the Vodafone mobile 
broadband network. This PC was assigned an IP address of 
89.19.79.119  from the 4G router using DHCP. During the GEO 
experiment, the OceanRINGS PC was hardwired to the ship's 
VSAT router using an ethernet adapter and cable. An IP address 
of 10.1.70.100 was assigned to the connection. This network 
was separate from the wired internal ethernet adapter inside the 
OceanRINGS PC, which is used for communicating with the 

 
Fig. 2  Starlink Antenna (circled in red) mounted on the ROV control cabin 

 



ROV components such as INS, thrusters etc. Static IP addresses 
on this network have the form 192.168.1.x, with a subnet mask 
of 255.255.255.0. 

The Starlink router used for the LEO experiment used the 
same addressing as OceansRINGS, and several hosts (drones, 
mobile phones, etc.) were attached to this network. Due to IP 
collision issues, OceanRINGS network and Starlink touter 
could not be directly connected. A Xiaomi Mi 11 smartphone 
was used as middleware to avoid IP collision. The smartphone 
was assigned an IP address by the Starlink router by DHCP and 
worked as a Wi-Fi hotspot, giving an IP address of 
192.168.213.167 to the Wi-Fi adapter of the OceanRINGS PC. 
Simplified network diagrams are illustrated in Figure 3.  

C. Additional Software 

TeamViewer 11 remote access and control software was 
used to connect the shore PC to the OceanRINGS PC on the 
ship. From the network analysis, the connection appears to have 
used routers located in Dublin (IE-DUB-ANX-
R003.router.teamviewer.com) for the Starlink test and Norway 
(NO-OSL-ANX-R014.router.teamviewer.com) when using the 
VSAT. Wireshark network protocol analyser was used both for 
recording and analysing network traffic. Port monitoring was 
done on the ship side, i.e., from the OceanRINGS PC. Online 
Speedtest ® software from Ookla was used for testing the speed 
and capacity of the satellite network connections.  

V. EXERCISE DETAIL 

The ship and ROV were operating off the coast of Cork, 
Ireland, on December 16th, 2022. The ROV was in "Hold 
Position" mode at a depth of 29m at a latitude and longitude of 
51.744110, and -8.215768, respectively as per Figure 4. The 
Ships instrument technician switched the communications 

system to satellite only, and the OceanRINGS PC was 
connected to the VSAT using a USB-Ethernet adapter and 
cable. The onshore operator remotely accessed the 
OceanRINGS PC across a TeamViewer 11 link at 14.47 hrs. 
Network speed tests were conducted on the connection, and 
transfer speeds and latencies were recorded. The Wireshark 
network protocol analyser was activated to capture and record 
packet data through the network interface (i.e., the USB-
Ethernet adapter).   

 
The onboard pilot handed control of the ROV to the onshore 

operator, who executed several commands. First, the ROV 
changed its orientation in the horizontal plane (yaw), altering 
the heading in steps of 1º up to a maximum of 5º. Then, the 
depth (heave) was varied in 0.1m increments. This sequence 
was carried out over the satellite connection, using the 
OceanRINGS primary pilot display GUI as pictured in Figure 
7. A separate voice connection had been established between 
the onboard and onshore pilots via smartphone. Latency was 
monitored visually by ensuring that the onshore operator spoke 
the predefined word "click" whenever she changed a setting on 
the GUI by mouse. The onboard pilot did not notice any lag. A 
slight delay was noticed on the shore display. The CRIS authors 
have previously measured systems latency in a similar trial 
[46]. The control system response was then displayed by 
maximising the MRE LLC Controllers screen (Figure 8). The 
TeamViewer link was closed, and the OceanRINGS PC was 
disconnected from the VSAT network and reconnected to the 
internet using the Starlink router via the Smartphone hotspot.  

The shore operator reconnected via TeamViewer, and the 
speed tests and exercises were repeated using the LEO service. 
Again, all results were recorded, and the Wi-Fi traffic to and 
from the Mi 11 hotspot was monitored using Wireshark. The 
TeamViewer link was closed at 15.18 hrs. Both TeamViewer 

 

Fig. 3  Simplified Network Diagrams. LEO above, GEO below. 



sessions were recorded on the shore PC. The OceanRINGS PC 
recorded the sessions with built in software, and external 
cameras were also used. 
     

VI. RESULTS 

Table 1 below summarises the connection speed and latency 
values recorded during the network tests conducted by using 
Speedtest ® software across both the LEO and GEO links.  

TABLE I.  LATENCY AND TRANSFER SPEEDS MEASURED THROUGH BOTH   
GEO (TELENOR) AND LEO (STARLINK) CONNECTIONS 

Time 

Tests conducted using Speedtest® software 

Latency (ms) 

Download 

Speed 

(Mbps) 

Upload 

Speed 

(Mbps) 

Server 

Location 

Satellite 

Provider 

14.50 

627 (ping) 
579 (d/load) 
627 (upload) 

3.70 1.68 

Telenor 
Norge 

AS 
(Oslo) 

Telenor 
Satellite 

GEO 

15.12 
91 (ping) 

235 (d/load) 
78 (upload 

50.98 12.96 

Telia 
Norge 

AS 
(Oslo) 

 

SpaceX 
Starlink 

LEO 

     

The packet data files recorded were analysed using 
Wireshark. Filters were implemented to isolate IP traffic 
travelling between the OceanRINGS PC and the remote 
TeamViewer server (in the case of the VSAT connection) or the 
onshore PC (in the case of the Starlink connection). The example 
plot shown in Figure 5 depicts the breakdown of packets that 

travelled through the Ethernet port during the VSAT monitoring 
exercise from 14:46:40 to 14:56:01. The captured data from the 
Starlink LEO exercise encompassed a shorter time frame, from 
the first packet at 15:15:28 to last packet at 15:18:12. It was 
filtered and plotted as per Figure 6 below.  

Two distinct periods were then examined using both data 
sets. The first was during a period of ROV orientation control 
(i.e., altering the heading of the ROV). It was found that packets 
transferred through the network interface at average rates as 
follows: 

LEO: OceanRINGS PC to Shore PC = 0.1228 Mbps 
Shore PC to OceanRINGS PC = 0.0355 Mbps 
 

GEO: OceanRINGS PC to Teamviewer Server = 0.1179 
Mbps 
Teamviewer Server to OceanRINGS PC = 0.0261 
Mbps 

 
The second period examined was when the demand for 

bandwidth increased as the dynamic control system response 
was displayed by maximising the MRE LLC Controllers screen 
as per Figure 8. Packet transfer rates were averaged as follows: 

LEO: OceanRINGS PC to Shore PC = 1.025 Mbps (max 
1.887 Mbps) 
Shore PC to OceanRINGS PC = 0.043 Mbps 
 

GEO: OceanRINGS PC to Teamviewer Server = 0.648 
Mbps (max. 1.564 Mbps) 
Teamviewer Server to OceanRINGS PC = 0.0527 
Mbps 

 
The periods when the MRE LLC Controllers were displayed 

onscreen are identifiable as the two peaks in Figure 6. The 
availability of the VSAT connection was monitored from 00.01 
hrs – 23.59 hrs on 16/12/2022. A single outage was reported, 
amounting to 0.06% of the total time. Moisture ingress affected 
the performance of the Starlink antenna during the cruise, 
although it was understood that it was not the maritime version 
that was used. 

VII. DISCUSSION 

A. Latency 

The use of the LEO satellite link significantly reduced the 
latency time compared to the GEO link, i.e., from a ping time 
of 627ms down to 91ms during the network speed tests as 
shown in Table 1. This is believed to be because of the 
constellations' lower orbital height. The Latency values 
measured across the GEO link during the speed test are similar 
to values reported to the author by the VSAT provider, typically 
in the range of 560-600ms. The connection was remotely 
monitored for 1hr 22 mins on 21/12/22, and latency was 
averaged at 591ms. The 91ms ping latency reported for the 
LEO system exceeded the median expected latency of 25-50ms 
[47]. The additional hotspot may be responsible for the 
increased latency, as the packets had to travel to and from 
Starlink and Mi routers. As explained above, the second router 
was added due to an IP collision between the Starlink router and 
the Wi-Fi adapter in the OceanRINGS PC. 

 

Fig. 4  Location of the RV Tom Crean and the Shore Operator 
during the exercise using Google Earth Pro. 



 

B. Available Bandwidth 

While transfer speeds (Mbps as per Table 1) increased by a 
factor of 13.78 (download) and 7.71 (upload) when using the 
LEO connection as opposed to the GEO, it is believed that these 
figures will further increase when the Wi-Fi adapter in the 
OceanRINGS PC can be directly connected to the Starlink 
Router. It is understood, however, that speeds on the Starlink 
Roaming service are listed as 'Best Effort,' i.e., with expected 
download speeds of 5-50 Mbps and upload speeds of 2-10 
Mbps. [47]. Network congestion may cause increased latency 
and reduced available bandwidth during peak times. A 
dedicated Starlink Maritime service is also available, but an 
online UK quotation obtained for £2,410 (hardware) and £970 
per month for a 1TB service package rendered it beyond the 
scope/budget of our current investigation. It claims speeds of 
up to 220 Mbps download and 25 Mbps upload at sea and 
includes top network priority. The service package with the 
ship's existing VSAT included an upgraded uplink to 2Mbps 
CIR, providing adequate transfer speeds for the exercises. The 
maximum transfer speed recorded from the OceanRINGS PC 

while displaying the dynamic control system response was 
1.564 Mbps using the GEO link. Similarly, the top transfer 
speed recorded using the LEO link to display the MRE LLC 
Controllers was 1.887 Mbps, well within its measured upload 
speed. Adding a live video stream from the ROV's onboard 
cameras would further increase the bandwidth required for 
remote operation. This increase will depend on the video 
definition rate [48]. It is planned to investigate this further 
during a future exercise and to obtain accurate data for further 
analysis.  

C. Reliability 

The VSAT equipment onboard the RV 'Tom Crean' is an 
operational system marinised for ocean conditions. The link 
remained reliable for 99.94% of the monitoring period. The 
reliability of the Starlink Roaming and Maritime services is 
>99% [47]. As mentioned above, moisture ingress affected the 
performance of the Starlink antenna during the cruise for a short 
duration. It is understood, however, that the unit was 
accidentally pressure washed and is IP54 rated, i.e., 
splashproof. 

 
Fig. 5  Ethernet traffic during the VSAT exercise, monitored, recorded and filtered in Wireshark 

 



The flat panel fixed high-performance antenna used with the 
Starlink Maritime offering is IP56 rated, thus, believed to be a 
more suitable option for future ocean platform conditions.   

VIII. CONCLUSION AND FUTURE WORK 

This paper presents the results of an ROV remote presence 
control exercise (without pilot video) conducted over both GEO 
and LEO satellite communications links. The exercise aims to 
investigate and compare the latency, available bandwidth and 
reliability of both connections and assess their suitability for 
use for BLOS robotic control. The research seeks to expand 
ocean observation capacity by providing a wideband, low-
latency BLOS communications system for deployment on a 
remote ocean buoy or platform. Brief descriptions are given of 
the RV 'Tom Crean' and ROV 'Étain' used in the exercise, and 
details are shared of the hardware and services used for both 
GEO and LEO satellite reception. The key benefits of 
OceanRINGS ROV control software are outlined, indicating 
the importance of its ability to switch between 'Virtual' and 
'Real-World' environments for initial testing. Both LEO and 
GEO network connections are illustrated and explained, i.e. (i) 
the connection to the ships existing GEO VSAT system on the 
Thor 6 K2 network, and (ii) the Starlink electronic phased array 
antenna on the LEO constellation, connected to the 
OceanRINGS PC via the Wi-Fi Router and the Xiaomi Mi 11 
hotspot. The exercise was described, outlining the sequence of 
operations in detail when remotely altering the heading and 
depth of the ROV, the position of the ROV and the time frame. 

The results presented demonstrate that both satellite 
connections were capable of facilitating high-level remote 
presence control of an ROV, including maximisation of the 
MRE LLC Controllers that dynamically displayed the control 
system response.   

Future planned testing includes the transmission of live 
video feed ashore to enable the teleoperation of the ROV's 
manipulators for purposes of sample collection. The addition of 
a video stream from the ROV's onboard cameras will further 
increase the bandwidth required for remote operation. This 
knowledge will facilitate the design of an advanced 
communications system to expand the footprint of ocean 
observations beyond the scope of terrestrial communications.  
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Fig. 6 Wi-Fi traffic during the Starlink exercise, peak values orccur when MRE LLC controllers are displayed  
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Fig. 7 OceanRINGS Primary Pilot Display 

 
Fig.  8  MRE LLC Controllers on OceanRINGS 
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