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The nearshore zone of the world’s ocean has 
been challenging to navigate for as long as 
humans have travelled by sea. Due to the 
often rapidly shelving nature of the coastline, 
it is here where most shipping accidents and 
groundings occur and the likelihood of a 
dangerous shoal increases. Hydrographers 
have been improving their ability to map this 
highly changeable zone for centuries, evolving 
from early sketch surveys and Micronesian 
stick charts to modern high-resolution surveys 
using multibeam echo sounder (MBES), side 
scan sonar, and LiDAR data to create digital 
products for display on electronic chart or 
equivalent navigation systems. Fugro is helping 
to continue this nearshore survey evolution 
with its Rapid Airborne Multibeam Mapping 
System, known as RAMMS. 

Developed in partnership with Areté Associates, 
RAMMS is a next-generation LiDAR system 
based on technology originally developed for the 
U.S. military for shallow water mine detection. 
That ability to detect small underwater objects 
has proven to be most effective in meeting the 
needs of modern hydrographic surveys. 

New Technology
Given system design limitations, traditional 
LiDAR capabilities are generally divided into 
two categories: high-resolution, shallow water 
systems capable of mapping in waters up to 
15 m water depth, and lower resolution, deep 
water systems that can map in waters up to 50 m 
water depth. To achieve full high-density survey 
coverage from the coastline to 40 m (or LiDAR 
extinction depth), it has often been necessary to 
co-mount shallow and deep water systems on 
the same aircraft, or to mobilize two different 
aircraft to cover the different depths. Neither 
option is ideal, as they require large fuel-hungry 
aircraft and/or duplicating crew requirements.

Traditional LiDAR systems use a combination 
of a pulsing laser beam that is directed by a 
scanning mirror assembly to make range and 
bearing measurements from the aircraft. The 
scanning arrays are able to generate a large 
number of measurements every second to build 

a three-dimensional image of the seabed. In the 
shallow water systems, laser pulses can be very 
short and therefore repeated more often to get a 
higher density of coverage compared to deeper 
systems. The deep water LiDAR scanners 
have to transmit more energy per pulse and 
consequently have a slower repetition rate and 
therefore fewer points on the seabed. These 
scanners tend to be power hungry due to the 
high-energy lasers and mechanically rotating 
mirrors and often require large aircraft to 
provide these power demands, particularly for 
deep water systems.

In contrast to traditional LiDAR systems, 
RAMMS uses a solid-state pulsing green laser 
that is formed into a swath. This mirrorless 
design is generally referred to as a push broom 
laser. The swath generated by the RAMMS 
sensor is narrow along the direction of travel 
and wide across the track, similar to a MBES 
pulse. Its returning energy is divided into 
900 pseudo-beams after being focused into 
a highly sensitive streak tube receiver. The 
result is a 33 cm across-track resolution with 
up to three times the visual water clarity 
(3-Secchi depth) at a nominal flying altitude 
of 325 m. This high-resolution capability, 
combined with a pulse rate of 30 Hz, achieves 
a full seafloor search as defined by the 
International Hydrographic Organization 
Order 1a specification. In the field, Fugro 
RAMMS has consistently achieved in excess 
of nine datapoints per cell in a 2 m by 2 m grid 
during high resolution surveys, unless water 
clarity and seabed reflectivity were extremely 
challenging (Figure 1). 

The use of a solid-state sensor has also resulted 
in more sustainable operations. Fugro RAMMS 
draws very little power in comparison to other 
3-Secchi depth systems, which eliminates the 
need for a large capacity generator to power 
the cooling equipment required by traditional 
scanning LiDAR sensors. As a result, smaller 
aircraft with internal combustion engines 
can replace large turboprop aircraft, greatly 
reducing fuel consumption. Additionally, 
advanced data transfer technologies such as 
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Figure 1: Bathymetric 
surface of a dredged 
area with colourized 
topographic point cloud 
and imagery overlaid. 

Figure 2: Bathymetric 
dataset of a small 
harbour with colourized 
topographic point cloud 
and imagery overlaid.  
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Figure 3: Typical 
multisensor installation in 
small aircraft with RAMMS 
(left), Topo-LiDAR (centre), 
and orthographic camera 
(not shown).   
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Fugro’s Back2Base™, as well as remote access 
to office-based hydrographic experts, make it 
possible to conduct full LiDAR and imagery 
survey operations with only three personnel 
in the field (pilot, LiDAR operator, and party 
chief/field data processor). This small team 
is in stark contrast to the upwards of ten 
personnel for a traditional survey approach 
involving deep water bathymetric LiDAR, 
shallow water LiDAR, topographic LiDAR, 
and orthographic imagery. All of these benefits 
add up for the environment: over the course of 
a recent project, we estimated that using Fugro 
RAMMS reduced CO2 production by 80%.

Seamless Data
The system’s small footprint has also allowed 
Fugro to deploy multisensor survey suites 
on multiple projects since the system was 
introduced in the summer of 2018. Most 
often, the system has been combined with a 
topographic LiDAR system and a three band 
(RGB) orthographic camera to enable data 
collection of both nearshore and inshore areas. 
This setup is particularly effective and efficient 
when surveying islands, as the entirety of 
the land can be surveyed to a high standard 
while simultaneously collecting bathymetric 
data. With this approach, Fugro can produce 
seamless datasets that extend from highly 
resolute land surveys, through the surf zone, 
and into the nearshore bathymetry (Figure 2). 
Having all three sensors mounted on a single 
mounting surface in one aircraft (Figure 3), 
and sharing navigation and motion sensors, 

ensures there is a common reference frame 
to work from, minimizing random error. To 
achieve a completely seamless dataset, we 
have overcome several challenges. First, on a 
purely technical note, is the response from the 
two different lasers used. Topographic LiDAR 
generally falls in the infrared range, which 
does not penetrate water, whereas bathymetric 
LiDAR, which is in the green range, does. The 
difference in returning waveforms between 
the two lasers causes discrepancies between 
where the water surface is detected, leading 
to potential difficulty in matching the two 
resulting point clouds. Second, topographic 
accuracy requirements are much more stringent 
than those of bathymetric systems. The 
mismatch in the allowable uncertainty between 
the two sensors requires significant additional 
bathymetric data processing to eliminate any 
vertical separation between the two. This 
additional processing is particularly important 
in areas of very gradual slope. In such cases, a 
vertical mismatch of decimetres can produce a 
horizontal gap of several metres. To meet the 
challenge, Fugro has tightened the accuracy 
capability of RAMMS, approaching that of 
topographic LiDAR through improvements 
in waveform processing and effective use of 
advanced post-processing in software that has 
been successfully employed in topographic 
LiDAR processing for many years (Figure 4).

However, the most challenging part of any 
hydrographic survey is the environment itself. 
Laser light cannot penetrate white water, which 

Figure 4: Colourized topographic 
point cloud seamlessly overlaid 
on a bathymetric surface with 
draped high-resolution imagery 
showing a navigation channel.
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is prevalent both in surf and where water breaks 
over submerged rocks or reefs. Long periods 
of standby are often needed to ensure optimal 
conditions with minimized sea, surf, and swell. 
Additionally, water clarity, and therefore 
achievable depth, is highly changeable, although 
trends can be identified using satellite imagery 
to identify the optimal time to carry out the 
survey. In a perfect world, surveys are planned 
for times of optimal conditions; unfortunately, 
real world pressures like budget, schedule, 
and system demand persist. To address these 
constraints, data collection is generally planned 
with more stringent overlap considerations, and 
is carried out only when conditions will result 
in required depth penetration and data density. 
Significant quality control is conducted in the 
field to ensure project specifications are met 
prior to leaving the site.

Future Developments
While RAMMS is the result of over three years 
of development, it is not the culmination of the 
technology. Since commercializing the system 
in 2018, many improvements have been made, 
starting with data delivery times. Through 
streamlining of initial processing routines and 
initial data cleaning and analysis, clients can 
now make meaningful decisions with our data 
as soon as the next day after acquisition. 

At the time of writing, Fugro is commissioning 
an additional RAMMS unit, which offers the 
potential to dual-mount two systems in the very 
near future. Doing so could further increase 
point densities while also collecting data at 
faster flying speeds. In addition to providing 
even greater survey efficiency, the co-mounted 
systems would make it possible to meet even 
the most stringent LiDAR specifications in a 
single pass of the aircraft. Detailed work is also 
underway on waveform processing, activity 
that will further reduce the depth uncertainty 
of the system without making any hardware 
changes. Additionally, we are developing the 
ability to conduct much of the pre-processing 
while still airborne, allowing onboard data 
visualization (and in the future remote data 
visualization) to drive decision making in the 

field. Areté has also proven that the system can 
operate from an uncrewed platform, which, 
along with remote data monitoring, will further 
reduce our carbon footprint. 

The challenge that goes hand in hand with 
system development is data management. 
RAMMS generates huge quantities of data 
and that data needs to get somewhere for 
processing before it can become useable 
information. Thus far, Fugro’s Back2Base 
technology and data centre computing 
power has kept pace with this flow but, with 
ever increasing data quantities, we are also 
beginning to employ cloud computing using 
Amazon Web Services to run virtual processing 
machines, making it possible for surveyors 
to process data from a variety of locations, 
whether in the data centre or in the field. This 
approach also allows clients to review live 
data using a dedicated virtual workstation. 
Post-project data archiving is also increasingly 
being moved to the cloud, ensuring business 
continuity in case of hardware failure.

Conclusions
In overcoming the challenges of producing 
seamless data of the land-sea interface, and 
using a novel approach to measuring water 
depth by laser, Fugro has taken the next step 
in the evolution of nearshore mapping. We 
will continue to build upon the success of our 
RAMMS technology to make exploration and 
mapping of this highly dynamic zone more 
environmentally friendly and increasingly 
more automated, leading to less local impact 
from our work but providing maximum data 
quality in excellent time.  u
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