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Introduction to Fugro RAMMS (Rapid Airborne Multibeam
Mapping System)

A brand new concept in Airborne Lidar Bathymetry (ALB)



Introduction

A Challenges of Current Technology to meet
Client Expectations

A Status quo vs Ideal solution

A What is RAMMS?

A Design Differentiation

A Key Performance Characteristics
A Key Performance Differentiators

A Operational and Economic Advantages
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What Drove Change?

Client Feedback Past 3+ years Created a Need for Change

A US Army Corps of Engineers looking for comparative equivalent to CZMIL

A US NOAA looking for systems to provide data to support detailed coastal flood modeling
but also for charting

A United Kingdom Government IHO 1B, but desiring IHO 1A (their definition: 9 soundings
per 2m x 2m bin single pass)

A Canadian Government using ALB simply to reduce multibeam fieldwork time 7 and
selecting based on lowest cost

A For engineering projects (e.g. ports & harbors), small projects are not cost effective to
perform. Yet, these projects often require better water penetration than can be achieved
with shallow-water systems

— None of these requirements
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Challenges

A

A

No one system on the market could satisfy the
demands of our key clients

Present airborne bathymetric solutions require a
compromise between price, data density, and depth of
penetration.

Poor system reliability among most ALB sensors

Turn-around time of deliverables not always suitable for
our customer 6s needs.

Ideal to use smaller aircraft and to reduce human
footprint in the field.

Result
A Surveys are either inadequate for program requirements

or too expensive to win.

A Delivery of data takes too long for emergency response

applications
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Status quo vs ldeal solution

Status Quo
A Sacrifice point density for depth penetration

Best deep-water systems require large
aircraft and high operating costs

Mechanical moving parts impacts reliability

Data processing solutions are slow meaning
emergency response is difficult

> >

> I

The Required Solution

High density AND good penetration
Smaller aircraft i or even UAV deployment
Solid-state & reliable

Cloud computing and distribution

Rapid data processing to provide interim
deliverables for emergency response
applications

v v v D D
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Rapid Airborne Multibeam Mapping System (RAMMS)

RAMMS dramatically
Improves upon traditional
alrborne bathymetric
surveying techniques

A Compact sensor designed for small
aircraft and UAVs

A Streamlined data processing and
delivery

A 3-Secchi depth penetration

A >25,000 range observations per
second

A ~1:1 swath:altitude
A No moving parts
A Low-power consumption

A Smaller system footprint
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RAMMS System Outline

A Advanced bathymetric Lidar
developed in cooperation with
Areté Associates.

A Airborne multibeam lidar via a
push-broom laser scanner with
beam forming at
type receiver.

A Technology derived from 20 years
and 3 generations of ISR&T
ocean mine-detection sensors
including delivery of 64 MIL-
qualified blue/green lidar systems

AFugrods rol e has

the system to meet modern

charting requirements
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Data from UAV missions in Scotland
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UAV mission line records
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RAMMS: how it works

A new collection paradigm

A Compact and lightweight, the system is
air-cooled and requires low power
consumption

A With no mirrors or moving parts, the
sensor projects pulses of diffused laser
energy down to the water surface and
through the water column, where the light
is then reflected off the seabed

A As the light transmits, it spreads out
laterally to the direction of flight, collecting
data over a swath width that is
approximately equal to the flight altitude

AWhen this 6fand of e
receiver, it is digitized into individual but
adjacent observations forming a uniform
swath of bathymetry from the main
waveform
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Key Differentiators

RAMMS Current Deep Water ALB

3 Secchi depth-capable

~1:1 swath:flying altitude
25,000 observations/second*
1.6 points/m?

@ 300m altitude @140 knots

Continuous cross-track
acquisition

<10A current draw
UAV-capable (now)
Large platform flexibility

Multibeam alignment with full
swath, full water column

3 Secchi depth-capable
0.7:1 swath:flying altitude
10,000 observations/second
0.49 points/m?

@ 400m altitude @140 knots

Individual observations

>70A current draw
Non-UAV-capable

Manned aircraft types only
(usually turbo-prop)

Single point waveform limited

RAMMS primary sensor is 14kg (UAV or Camera Port)

e

Optech CZMIL Nova: complete package weighs 287kg
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Key Performance Characteristics

RAMMS has no moving parts:

A Solid-state electronics creates more
ruggedized, low-maintenance design

A Greatly minimized mobilization and check
calibration procedures

A Increased reliability
Swath width ~ equal to flight altitude

Nominal operational altitude (and
therefore swath) is 300~350m

Improved eye-safety limitations

Ability to observe and process water
column data

Back-2-Base® technology = next-day QC
at the home office
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Introduction to Fugro RAMMS
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Processing GUI Development i Improving Performance

B & O
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Bottom Detection - Shallow

Shallow water detection and
seamless topo-bathy point cloud

4
h %

Topograph‘x Woater level

Bathymetry

5.5 m depth




Bottom Detection - Deep

Water level

l Bathymetry

428 m

L3 - 205

Deep bottom detection




Feature Detection

12 m seafloor depth
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Coverage (cf. SHOALS)
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Sensor Bundling For Broader Applications

RAMMS solution can easily be complemented with:
A High-Density Topo/bathy Lidar Sensors

A RGB or Multispectral Phase One Camera

A Hyperspectral Camera (note there are limitations)

Phase One Compact 4-band Multispectral Camera ITRES Mi ¢ r o Csnall sizescan compliment
RAMMS (see compared to mobile phone)

Riegl System can be co-mounted for HD topo/bathy
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Additional Standard Outputs i Reflectance Imagery

Reflectance imagery

can be extracted
from the full-

waveform metadata

A ldeal for determining
substrate distribution of the
sea/lake/riverbed

A Further classification for
habitat mapping possible
through modelling reflectance
ratios

A Co-terminus with x,y,z data
allowing easy draping over
DEM

A Added feature of RAMMS is a
water column processing
algorithm for improved mid-
water target detection
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Additional Standard Outputs T Orthorectified RGB Imagery

RGB imagery for ALB
QC/QA and mosaicking
IS a regular output

A Imagery FOV typically greater
than ALB swath, guaranteeing
good overlap

Ve

A Hi-res imagery allows

independent checks and
analysis of ALB data where
observable

Ve

A Imagery can be mosaicked to
create additional deliverable

Ve

A New camera combinations
provides a multispectral
(R,G,B,NIR) imagery solution

Introduction to Fugro RAMMS

www.fugro.com




Additional Standard Outputs: Visual Imagery and DEM %

In optically clear
waters the RGB data
IS extremely useful In
adding context to the
DEM

A Good georectification from
the outset is essential to
ensure the datasets line
up precisely

A Considerable detail
enhancement is possible
over the selected bin
resolution of the ALB
surface
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Additional Standard Outputs: Visual Imagery and DEM ﬁ

In optically clear
waters the RGB
data is extremely
useful in adding
context to the DEM

A Good georectification from
the outset is essential to
ensure the datasets line
up precisely

A Considerable detail
enhancement is possible
over the selected bin
resolution of the ALB
surface
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RGB Imagery and Single-Pass RAMMS Comparison
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RGB Imagery and Single-Pass RAMMS Comparison

@ Block Kmxd - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

S i —
1 - @ Sl R R

EEEE D @@ e

7| &) . : Editor~

ELYT
5 | Drawing~ K () /L~ A -

 |[0) sal

MM Red: Band_1
reen: Band_2
M Blue: Band 3
@ O BlockK
0O Block
= [ ObjectDetectlm_2.iff =
RGB
MM Red: Band_1
[ Green: Band_2
W Blue: Band_3
O BlockOP
O BlockM
0O BlockL
O Wreckscour.tif

ElE]

ElC]

e

7

malen <

yoieas §l] [ Boieied &l

- X
A Create Features 2 x
5 [<Search> -

There are no templates to show.

= (o
[Ef Construction Tools
Select a template.

242366949 2402026815 Meters

24 Introduction to Fugro RAMMS

www.fugro.com



RGB Imagery and Single-Pass RAMMS Comparison
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Economic Impacts of a New Solution

Economic impact

A Smaller aircraft &/or longer endurance ) S

A Reduction of manpower for fieldwork [

A Reduction of system down-time [ |
A Increased collection efficiency " ' |

A Improved data quality

Result = More & better quality mapping data for your investment
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Product Launch Timeline Progress to Date

RAMMS began to
provide Fugr
clients with advanced
capabillities in 2018

The phased launch included:

A Key-client briefings

A Initial projects demonstrating
capability (in support of MBES
operations which also provided
good comparison)

A Full-scale, worldwide survey
operations for a growing
stakeholder group (so far
Americas region focus)

RAMMS ALB Survey Florida Test Site
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RAMMS 1 Field Proven

A First Project: Belize 2017
A To date: 17,000 km2 on 5 hydrographic charting projects;
A Belize (2017) i 200 km? (first operational use)
A Turks and Caicos (2018) i 7,400 km?
A Belize (2018) i 2,600 km?
A Quebec Canada (2018) i 2,000 km?
A Nova Scotia Canada (2018) i 5,000 km?
A Currently at 1,000 hours without breakdown
A Achieving UKHO requirement for 2 pts per 2m bin to 40m
(actual results 6 - 12 pts per 2m bin to 40m)
A Presently preparing bathy and reflectance products in LAS 1.4
A Integrated Phase One camera with RGB imagery to 3cm GSD
(NIR channel also available)

_ Nov 2016 Grenada Oct 2018 Belize

Field Staff 11 staff 2 staff
Sensor 2 X Shoal RAMMS
Data Density <2pts/bin 6 - 12pts/bin
Aircraft $15k/Day $7k/Day
costs/day

Size 2,566km? 2,575km?
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