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The ability to efficiently map and monitor the coastal 
zone is of increasing importance to the health and 

wealth of our planet. The United Nations (UN) estimates 
that nearly 2.4 billion people now live within 100 km 
of the coast. That figure amounts to nearly 40 percent 
of the world’s population. Of these coastal residents, ap-
proximately 600 million live within low-elevation areas; 
a number on track to exceed 1 billion by 2050. The im-
pacts of development associated with this rapid popula-
tion growth, coupled with the compounding effects of 
climate change, threaten the long-term viability of coast-
al communities and the economies on which they are 
built.

Sustainable Coasts Start with a Map
Coastal zone mapping programs merge nearshore, 

shoreline and coastal elevation data for seamless depic-
tions of the land-sea interface. These comprehensive data 
sets provide a common, science-based framework for 
decision making that supports a wide range of coastal 
management applications. Examples include: econom-
ic development, infrastructure planning, environmental 
protection, resource management, disaster mitigation 
and emergency preparedness, among many others.

Despite these obvious advantages, high-accuracy, 
high-quality mapping remains out of reach for many 
users across the globe due to the time and costs asso-
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RAMMS is a lightweight, easily mobi-
lized airborne LiDAR system developed 
by Fugro and Areté Associates to sup-
port fast and efficient nearshore and 
coastal mapping applications.



ciated with their creation and maintenance. This is true 
among developed and developing nations alike. The UN 
Decade of Ocean Science for Sustainable Development 
(2021-2030), which officially started on January 1, is 
working to address these and other ocean science data 
gaps by empowering and engaging stakeholders across 
disciplines, geographies, generations and genders to 
strengthen management of the world’s oceans and coasts 
for the benefit of humanity.

Ensuring greater access to coastal zone mapping data 
will require new and innovative technologies to stream-
line data development and delivery. As the world’s lead-
ing geo-data specialist and a preparatory phase partner 
of the UN Ocean Decade, Fugro’s work toward these 
goals is well underway. In the Americas, the company’s 
effort is being managed from its Hydrography Center 
of Excellence in Houston, Texas. Over the past several 
years, the center has debuted two important technol-
ogies: an airborne LiDAR mapping system known 
as RAMMS (Rapid Airborne Multibeam Mapping 
System) and a USV called Blue Shadow.

RAMMS: Small Sensor, Big Benefits
RAMMS is a next-generation airborne 

LiDAR bathymetry (ALB) capability that 
delivers industry-leading depth 
penetration and point densi-
ties for nearshore and coastal 
mapping. Commercialized by 
Fugro in August 2018, the 
system was developed in 
collaboration with Areté of 
Northridge, California, based 
on 20 years of cutting-edge mili-
tary technology for mine detection 
developed via the US Navy Small 
Business Innovation Research (SBIR) 
program. The inherent requirement for 
mine-hunting technology is the ability 
to detect small, mine-like objects. This 
capability translates very well to nau-
tical charting and other hydrographic 
surveying applications, which require 
detection of all hazardous objects, such 
as uncharted shoals and shipwrecks.

For the surveying and mapping community, 

RAMMS represents a paradigm shift in the collection of 
airborne bathymetry data. Comprising a first-of-its-kind 
multibeam (pushbroom) LiDAR sensor, the low-power 
system is air-cooled and contains no moving electro-
mechanical parts. This innovative design eliminates the 
weight, size, power, heat and reliability issues associ-
ated with traditional scanning laser technology. It also 
eliminates the need to choose between high data den-
sity and good depth penetration, a limitation common 
to traditional ALB systems. Delivering 25,000 range ob-
servations per second while achieving three times the 
visual water clarity (3-Secchi disk depth), RAMMS meets 
International Hydrographic Organization (IHO) Order 1 
survey standards.

In addition to better quality data, RAMMS also pro-
vides multiple operational efficiencies over standard ALB 
systems. The sensor is compact in size and weighs just 

14 kg (30 lb.). As such, it can be deployed in small 
aircraft or even uncrewed autonomous vehicles 
(UAVs), resulting in lower mobilization costs, 
increased mission times and a reduced carbon 
footprint. It is also easily integrated with other 

remote-sensing technologies for collection 
of multiple complementary data sets in 

the same airborne mission. For 
coastal projects, this approach 
commonly involves a topo-
graphic LiDAR system and a 
three-band (RGB) or four-
band (RGBI) orthographic 
camera, which enables data 
collection over nearshore 

and inshore areas.

RAMMS in Action
Since commercializing 

RAMMS 2.5 years ago, Fugro has 
used the system to map more than 

45,000 sq. km, working throughout 
North America, the Caribbean and 
in Europe on coastal zone mapping, 
nautical charting and offshore wind 
development projects. 

In 2020, Fugro commissioned an-
other RAMMS sensor to meet increased de-

mand for the technology. The company now has 
multiple systems available 
in the Americas and Europe 
to facilitate project sched-
uling and improve client 
response in these growth 
markets.

From an operation-
al standpoint, RAMMS is 
yielding major sustainability 
benefits to Fugro and proj-
ect owners. Reduced trav-
el for field crew, reduced 
shipping for mobilization 
and reduced fuel costs for 

(Top) Unlike traditional airborne Li-
DAR bathymetry systems, which require 
a trade-off between data density and 
depth penetration, the small and compact 
RAMMS sensor delivers 25,000 range 
observations per second while achieving 
three times the visual water clarity. (Bot-
tom) Highly mobile shallow bathymetry 
captured with RAMMS.



the aircraft are all contributing to large reductions in 
the carbon footprint of RAMMS-based projects. One 
early project performed in Jamaica showed estimat-
ed reductions in CO2 emissions of 5.1 metric tons 
and an estimated overall carbon footprint reduction 
of 80.5 percent.

Multibeam Technologies Still Apply
When it comes to coastal and nearshore map-

ping, ALB is not the only answer. All laser systems 
are limited by water clarity and depth. At the limits 
of ALB, acoustics take over to capture seafloor data 
in turbid waters and areas beyond 3-Secchi water 
depth. In conditions where ALB becomes ineffective, 
or where particularly dense data are required, mul-
tibeam echosounder technology (MBES) takes over. 
The high resolution and precise positioning of sea-
bed objects that is possible with MBES on board a 
surface vehicle extend the ability to accurately map 
the seabed out to the deepest areas of the oceans. 

Blue Shadow: A Force-Multiplier
To increase the efficiency and safety of these surveys 

in nearshore and coastal waters, Fugro recently intro-
duced its next-generation USV, the Blue Shadow, which 
was built in collaboration with L3Harris (previously ASV 
Global). 

The system serves as a force-multiplier on hydrograph-
ic and geophysical survey operations and is suitable for 
medium- to large scale project areas. Working alongside 
a parent vessel, the 9-m USV boasts a wave-piercing 
design for stability, which allows it to operate within a 
high weather tolerance and in high sea states. It is also 
outfitted with advanced situational awareness technolo-
gies for 24-hr. operations and incorporates obstacle and 
collision avoidance technologies to ensure survey mis-
sions are conducted to the highest safety standards. Sim-
ilar to RAMMS, the Blue Shadow also offers significant 
safety and sustainability benefits through reduced staffing 
needs and fuel requirements.

Fugro used the Blue Shadow in the Americas for the 
first time last summer during a nautical charting survey 
for NOAA. The project took place in Apalachicola Bay 
and comprised six sites totaling approximately 1,475 sq. 
km. Working concurrently with a parent vessel in both 
nearshore and offshore areas, the Blue Shadow collected 
project data 24 hr. a day for multiple days at a time. 

As a result, Fugro doubled productivity compared to 
the 2018 and 2019 field seasons, which involved proj-
ects in nearby waters. In addition to updated nautical 
charting, the project also supported the Florida Coastal 
Mapping Program by providing the first-ever comprehen-
sive mapping data in the western portion of the Big Bend 
Region. 

Once the Florida project was complete, Fugro de-
ployed the system to South Australia to support nautical 
charting within Gulf St Vincent and Investigator Strait on 
behalf of the Australian Hydrographic Office (AHO). As 
with the Apalachicola Bay survey, the Blue Shadow will 
help expedite data collection while improving operation-
al safety and sustainability.

(Top to bottom) RAMMS-gen-
erated point cloud of a sand 
wave field from the seabed 
overview; further examination 
of the sand wave area showing 
vertical extent. Fugro’s Blue 
Shadow USV is engineered for 
efficient, flexible operations, 
including working at night, in 
both coastal and offshore envi-
ronments.
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It All Comes Down to Delivery
Making coastal zone mapping data more accessible 

to more users requires improvements not only in data 
acquisition but also data processing and delivery. Fugro’s 
Back2Base technology is key in this regard, allowing se-
cure transfer of large data sets from the marine environ-
ment to onshore processing facilities. As a result, quality 
control and initial data-processing phases can occur in 
near real time, providing clients with earlier access to 
project data and faster project turnaround. Cloud com-
puting is also being adopted for use on coastal zone 
mapping projects. Benefits include additional efficiency 
gains through virtual data-processing workstations; client 
access to live project data via a dedicated virtual work-
station; and the ability to download project data on de-
mand once map production is complete.

The Time for Coastal Is Now
While these and other Fugro innovations have been 

years in the making, their development is well-timed 
to support UN Ocean Decade objectives by addressing 

UN Ocean Decade challenges, including issues of data 
accessibility. Only through an increased understanding 
of the world’s oceans and coastlines will it be possible 
to meet the UN Decade’s stated goal of obtaining “the 
science we need for the ocean we want.” Working in 
partnership with clients, stakeholders and colleagues, 
Fugro aims to continue moving technology forward and, 
in doing so, improving knowledge of the world’s coastal 
zones to help ensure a safe and livable world. ST
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“Ensuring greater access to coastal zone mapping data
will require new and innovative technologies 
to streamline data development and delivery.”


