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Thomas Helzel : Mood Room2 074/02

We look forward to

welcoming you soon...

Please contact us by sending an email to

Thomas Helzel: Helzel@helzel.com
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= X
‘- sigma S6 WaMoS® Il High Resolution
g g CJI

n|=-|-'en Current Analysis (HRC) OCEANWAVES

sigma S6 WaMoS' 1l High Resolution Current Analysis (HRC) is an option available for the sigma S6
WaMoS”® Il wave and surface current monitoring system. HRC delivers ocean surface current information
with high spatial resolution to aid in drift prediction of oil slicks, the management of offshore activities,
harbour entry and route planning, safer navigation and coastal protection. HRC also displays bathymetry
information in shallow water (up to approximately 30m water depth) to assist in the monitoring of
sedimentation and erosion processes.

Coastal waters are characterized by complex wave fields that are influenced by inhomogeneous
bathymetries, and changing tidal and wind induced currents. WaMoS® || HRC allows carrying out surface
current and bathymetry measurements over large areas to anticipate the need for and better target
high-resolution surveys.

HRC maps are useful in supporting operational decisions for the offshore industry, port operations as
well as coastal authorities. HRC measurements provide detailed information about water depth and
currents within the range of the radar image, which in general covers an area of several square
kilometers.

These WaMoS” Il maps provide insight into small-scale dynamic processes helping to better understand
complex current fields that affect wave behavior and ultimately any smaller scale processes, such as

: eddies either offshore or in the coastal zone.
Bathymetry maps, updated on a short temporal interval
are valuable to better understand morphodynamic
changes, such as natural erosion and deposition over
time or due to events such as storms.

At present, the HRC-option can be applied on fixed
offshore platforms and at coastal sites. The HRC
parameters provided are: high spatial resolution (50m-
200m) Surface Current Speed, Surface Current
Direction, Water Depth, in form of a map. The size of
the map depends on the radar coverage (footprint).

Figure 1 displays statistical wave parameters on the
left, a 2-D frequency direction spectrum on the top and
a HRC map overlaid over a radar image at the bottom.
Both the sigma $6 WaMoS’ Il and the HRC requires a
minimum wind speed of 3 m/s and a minimum wave
height of about 0.5 m —0.75 m. In Figure 1 the waves
are only high enough on the west side of the island for measuring and displaying HRC information. The
color-coding refers to the local water depth, ranging from 9 to 28 meters, and the arrows are showing
the surface current field. Alternatively, to the bathymetry the user can choose to display the current
color-coded, which shows a variation in currents from 0.2 m/s to 1.2 m/s.

Figure 1: sigma S6 WaMoS' |l statistical wave
parameters and HRC map

www.rutter.ca sales@rutter.ca
MKT-02594, Issue 01

RCR: 8741
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3
i sigma $6 WaMoS® Il High Resolution

RUTTER Current Analysis (HRC) O

The combined water depth and current field displayed in Figure 2 below shows a complex current field.
Short term features such as eddies can be picked up easily with sigma S6 WaMoS" Il High Resolution
Current Analysis.

Figure 2: sigma S6 WaMoS® Il system showing
a complex current field

The user can choose the spatial resolution and data
update rate according to the application at any time.
As Bathymetry changes are usually very slow,

30 minutes of data analysis per day will be enough to
capture those. If the interest is in seeing short term
changes in the surface current, for example, to support
navigation, then it is important to choose a resolution
that corresponds to a faster calculation and update
rate. With this configuration, one can still see the
detail in the data that is needed, but the update rates
of the data are fast enough to still receive the results in
real time.

sigma 56 WaMoS® Il HRC

- design of onshore structures
- navigation into small ports

Real time High resolution surface current speed and direction to support
- coastal, port and offshore operations
- design of offshore structures

- and assist of coastal protection management
e High spatial resolution to aid in drift prediction of oil slicks
o Small scale eddies can interfere with drilling equipment
e Real time High resolution Bathymetry data to survey coastal areas
e Assists in the monitoring of sedimentation and erosion processes

www.rutter.ca

sales@rutter.ca
MKT-02594, Issue 01

RCR: 8741
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Rutter’s sigma S6 Small Target Surveillance (STS) System provides enhanced radar imagery, target
detection and tracking in the marine environment. A versatile tool, detecting and tracking a wide range
of target profiles from persons in water and small maneuvering craft to large vessels, the system is a
practical solution for specialty Conng |ty s _ . :

radar applications such as : ; " :
search and rescue, improved
vessel traffic monitoring, asset
protection and surveillance
applications including
antipiracy and coastal water
protection. The sigma S6
Small Target Surveillance
System has proven itself on
offshore platforms, support
vessels, patrol vessels, seismic
operations and in a range of
coastal surveillance and
monitoring applications.

sigma S6 Small Target Surveillance — Small Target Tracking

In the seismic survey industry,

the sigma S6 Small Target Surveillance System enhances operational productivity by improving the
detection and tracking of small and nearly hidden targets, such as wooden buoys, fishing gear and
floating debris that can foul seismic streamers and acoustic sensors in tow.

For pleasure craft ranging from day boats to Expedition Mega Yachts the sigma S6 Small Target
Surveillance System improves the detection of floating objects that cause costly damage to hulls,
rudders and props.

The sigma S6 Small Target Surveillance System can be installed with a dedicated Rutter 100S6 radar, but
also passively interfaces with, and significantly enhances commercially available marine radars. The
system is fully motion compensated and operates equally well from both fixed locations and vessels
under way. It includes Rutter’s integrated target tracker, SeaTrack, specifically tuned for optimal tracking
of different target types simultaneously, while supporting up to 500 simultaneous targets. Ideal for
detecting and tracking small targets, SeaTrack allows for optimal detection and tracking compared to
common Automatic Radar Plotting Aid (ARPA) radar trackers, taking advantage of the sigma S6’s
superior imaging and signal processing.

The sigma S6 Small Target Surveillance System features full integration with select FLIR IR cameras.
Features include the ability to support multiple cameras, intelligent selection of a best camera for
specific targets, and automatic slewing to targets approaching the radar location or entering protected
areas. These features support quick decision making in addressing potential threats and possible
interruptions to operations. For other systems, the sigma S6 Small Target Surveillance System supports

www.rutter.ca sales@rutter.ca
MKT-02591, Issue 01
RCR: 8741
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NMEA Tracked Target
Message (TTM) output to
provide standardized
targeting information to
those cameras.

The sigma S6 Small Target
Surveillance System offers
a variety of outputs to both
record and stream radar
imaging and targets to
external systems. A built-in
Screen Recorder allows
recording of the radar
display which is useful for
documenting an incident,
scientific research or ice sigma S6 Small Target Surveillance — FLIR camera integration
breaking operations.

Recordings are supported as a series of JPEG or PNG images, or as an AVI videos. In addition, the sigma
S6 Small Target Surveillance system comes standard with a web enabled interface, allowing external
systems to interface with the sigma system to view radar imaging (GeoTIFF, PNG, JPEG) and targets
(GML, KML, DXF, ESRI).

sigma 56 Small Target Surveillance

o Marine certified (IEC 60945)
- Rack Mountable/Desktop Radar Data Processor
- 19" marine certified Rack Mountable/Desktop monitor (alternate sizes available)
- Keyboard/Trackball Unit (Desktop style or Console Mount)
» Windows 7 operating system
e SeaTrack tracker, optimized for detection and tracking of different target types
e Fully motion compensated scan-to-scan integration of up to 128 radar sweeps, allowing the
sigma S6 Small Target Surveillance System to identify and detect both fast maneuvering
and small slowing moving targets
e Advanced sea, rain, interference & clutter suppression
e AIS Class-A and Class-B target overlay
e Built-in interfaces for FLIR camera systems and TTM output to other camera systems for
enhanced target verification and identification
* Automatic Screen Recording in selectable time intervals for evidence documentation
e Remote client capability
o Computer-Based Training package

www.rutter.ca sales@rutter.ca
MKT-02591, Issue 01
RCR: 8741
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Rutter’s sigma S6 Qil Spill Detection system combines proven capability in early detection of il on water with tools
that generate essential information for containment and cleanup, aiding to minimize environmental damage and
cleanup costs due to oil spill events. The sigma S6 Qil Spill Detection system has been extensively tested and
proven to be effective in independent s e T =
trials conducted by the Norwegian Clean -8
Seas Association for Operating
Companies (NOFO) and is used world-
wide. sigma S6 Qil Spill Detection systems
are installed on fixed platforms, FPSQ's,
offshore workboats, patrol vessels and
specialty clean-up vessels in many regions
of the world, including Brazil, the North
Sea, Gulf of Mexico, Eastern Canada,
China and Russia.

The sigma S6 Oil Spill Detection System
has detected oil slicks as small as 5L, and
can detect spills out to 4 nautical miles
from the radar site across a broad range
of sea states, weather conditions, at day
or night. The sigma S6 Qil Spill Detection system automatically alarms when possible oil slicks are detected on the
ocean’s surface. With the confirmation of an oil spill, the system outlines the extent of the oil spill showing its
deformation and drift over time, and provides calculated estimates for the oil spill’s volume.

sigma S6 Oil Spill Detection System - Oil Detected

The sigma S6 Oil Spill Detection System can be passively interfaced with existing commercially available marine
radars, and is also available with the Rutter Radar 10056 with either horizontally or vertically polarized radar
antennas. Vertically polarized radar antennas enhance ocean surface detail, providing superior oil spill detection
results. The system is fully motion compensated and operates equally well from both fixed platforms and vessels
under way.

The sigma S6 Oil Spill Detection System features full integration with select FLIR IR cameras. Features include the
ability to support multiple cameras, intelligent selection of a best camera for specific targets, and automatically
direct the camera to oil spill targets as they are detected. These features support quick decision making in
addressing potential spills, minimizing impact to the environment and operations. For other camera systems, the
sigma S6 Oil Spill Detection System supports the NMEA Tracked Target Message (TTM) output to provide
standardized targeting information.

The automatic detection, outlining and tracking of multiple, simultaneous oil spills is supported. Qil spills may also
be manually outlined, different colors may be assigned to each oil spill area, and the outlines of manually outlined
and automatically detected oil spills with target properties may be recorded and exported to disk or over email via
ESRI formatted data files in support of oil spill response operations. The sigma S6 Qil Spill Detection System offers
a variety of outputs to both record and stream oil spill imaging, targets, outlines and drift vectors to external
systems. A built-in Screen Recorder allows recording of the radar display which is useful for documenting an
incident, scientific research or clean-up operations. Recordings are supported as a series of JPEG or PNG images, or
as an AVl videos. In addition, the system comes standard with a web enabled interface, allowing external systems
to interface with the sigma Oil Spill Detection system to view radar imaging (GeoTIFF, PNG, JPEG) and targets
(GML, KML, DXF, ESRI).

www.rutter.ca sales@rutter.ca
MKT-02590, Issue 01
RCR: 8741
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sigma S6 Qil Spill Detection System

e Marine certified (IEC 60945)
- Rack Mountable/Deskiop Radar Data Processor
- 19" marine certified Rack Mountable/Desktop monitor (alternate sizes available)
Keyboard/Trackball Unit (Desktop style or Console Mount)
¢  Windows 7 operating system
Automatic oil spill detection, outlining and tracking
Fully motion compensated scan-to-scan integration of up to 128 radar sweeps. allowing the sigma S6
Oil Spill Detection System to identify small quantities of oil on the ocean’s surface
Advanced sea, rain, interference & clutter suppression
AIS Class-A and Class-B target overlay
Built-in interfaces for FLIR camera systems and TTM output to other camera systems for enhanced
target verification and identification
Automatic Screen Recording in selectable time intervals for evidence documentation
Remote client capability
Computer-Based Training package

www.rutter.ca sales@rutter.ca
MKT-02590, Issue 01
RCR: 8741
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i EdgeTech

Il FEATURES

Enhanced Sub-bottom PYDF receivers

+ Sub-bottom mode or pipeliner mode

Dual 2-16 kHz transducers

+ Pole-mount or tow options

+ Digital receiver on towfish with Ethernet

telemetry and power

Reduced diameter tow cable

+ Real-time pitch, roll, heave and depth

Sensors

Surface echo attenuation

+ Pulse library tailored for different survey

applications

» Datadisplay in multi-frequency bands

IllAPPi_ICATIONS

Geological surveys

» Environmental site investigations

+ Sediment classification

« Buried pipeline & cable surveys

« Archeological surveys

« Mining/dredging surveys

« Map, measure & classify sediment layers
within the sea floor

\

.

|II Building on the leng running success of the EdgeTech sub-bottom profiler
product line, the EdgeTech 3400 provides users many enhancements to current
sub-bottom profiler systems. The 3400 is a wideband Frequency Modulated {FM)
sub-bottom profiler utilizing EdgeTech’s proprietary Full Spectrum CHIRP technelogy.
The system generates high resolution images of the sub-bottom stratigraphy in
oceans, lakes, and rivers and provides excellent penetration in various bottom types.
The EdgeTech 3400 comes in a dual 2-16 kHz transducer configuration. The towfish

is configured with new PVDF receiver arrays segmented for standard sub-bottom
profiling operations or a unique “pipeliner” mode for optimal location and imaging of
buried pipelines. The system offers Real-Time Reflection Coefficient Measurements.
This unigue ability of the EdgeTech Sub-Bottom Profiler system allows users the
ability to collect complex‘analytic’ data using linear system architecture to measure
sediment reflection and analyze sediment type determination. Additionally, the
system has discrete transmit and receive channels allowing for continuous data
collection resulting in a high ping rate particularly important for construction and

pipeline surveys.

The topside configuration can support higher power configurations using an
external amplifier. The newly designed towfish can either be towed behind a vessel or
pole mounted over the side of the vessel. The EdgeTech 3400 Sub-bottom Profiling
System comes as a complete package and includes a towfish, cable and a topside
processor {configurable as a portable or rackmount topside) running EdgeTech's
DISCOVER sub-bottom acquisition & processing software. The 3400 can also be
interfaced to 3rd party software.

For more information please visit EdgeTech.com

EdgeTech.com | USA 1.5
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iEdgeTech

UB-BOTTOM PROFILING

| I I KEY SPECIFICATIONS
TOWFISH g
Frequency Range E 2-16kHz
Vertical Resolution 6-10cm (3 -4 inches)
Penetration (typical)
In coarse calcareous sand 6 m (20 feet)
In clay 80 m ( 262 feet)

Transmission Type Full Spectrum™ FM Signal (CHIRP)

Length/Width/ Height = 114 /55 /30 cm {45/ 21 /12 inches)
Weight in Air E 65 kg (144 1bs)

Weight in Water = 33 kg (73 Ibs)

Depth Rating 100 m

Tow Cable Length = 50 m (75 max)

TOPSIDE INTERFACE

Hardware Rugged, portable splash proof enclosure (or Rackmounted)

Windows® 10

Operating System

Display Splash proof semi-rugged laptop
File Format Native JSF, SEG-Y & XTF
Input/Cutput Ethernet

Power Input £ 120/220 VAC Auto sensing

POLE MOUNT

|

Length/Width/Height 114 /55 /39 (45 /21 /12 inches)

Weight in Air 65 kg (144 |bs) - towed configuration
70 kg (155 |bs) - pole mounted configuration

Weight in Water 33 kg (73 Ibs) - towed configuration
35 kg (78 Ibs) - pole mounted configuration

10 m (75 max)

LU LR

Deck Cable Length
TOW CABLE

Tensile Strength 545 kg (1202 lbs)

15 cm (6 inches)

Min. Bending Radius

For more information please visit EdgeTech.com

EdgeTech.com | USA 1.508.291.0057
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The Shor Based Ocean Radar“WERA”

Provides reliable Metocean Data

for large Coastal Zones up to 300 km off-shore

WERA antenna array on the dunes Range resolved Doppler spectrum Surface Current map

maritimes cluste
!I'IEl_Z’El‘_’a member of . Sonngosan and

WERA?” is a shore-based radar remote sensing system
B operating at 5 - 50 MHz and using the over-the-horizon
radar technology to monitor ocean surface currents,

waves and wind direction.

HELZEL®
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1.1 Typical WERA Site Layout WERA

B HELZEL Messtechnik smbH.

High Resolution Current Mapping W';?A

Courant mesuré par Radar WERA
11-2010 03:20 UTC
3, T

>

| 47191

750 m  Heau Donges :
L " Taasem

6.0 Noeuds
0

o = e =

Examples of current maps at high and low
water using a 12 antenna,

552 - : I WAL =0
43 MHz WERA system from the river Loire =3 mmﬂ 750m  Heau Donges
. couramt o, 297 ¢m

estuary, near Nantes, France 9 1 2 3 & 5 _&MNoeuss
— 7 —

HELZEL
B HELZEL Messtechnik smbH.
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Drift Prediction for Search & Rescue WERA
and Environmental Protection Applications

nnnnnnnnnnnnnnnnnnn

Stochastical estimate of pollution drift
~ heiss_contimie —

Map of pollutant valume

Agreund voluma | 0.008400 M3
Flafling vokume | 2400400 M3

Prediction based on WERA data
Prediction based on numerical model
Real Object

aunuar

Drift Prediction of Qil Spill after Vessel Accident
or for Backtracking to identify polluter

HELZEL®

B HELZEL Messtechnik smbH.

WERA Wave Mapping

Wave data, on user defined map
Significant Waveheight & Direction. ...
Full Directional Wave Spectrum s
Time:seriesfemindividual g_rj_d( cells

R
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WERA for the Port of Rotterdam WERA

HELZEL®

A turn-key solution for the Port of Rotterdam

Coverage of the ocean
radars at the entrance of
the Port of Rotterdam at
Hoek van Holland

HELZEL®
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WERA monitors the entrance of (=
the Port of Rotterdam = = oo
The Netherlands

Rijkswaterstaat
2 x 12 channel, 16.1 MHz
W o ld = g R2Nge: 60 km, Spatial Resolution: 1 km

WERA Installation - Port of Rotterdam ERA

nnnnnnnnnnnnnnnnnn

HELZEL®
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WERA Data Availability S
Port of Rotterdam R e
One year statistics from Data Availability Latency

from end of integration

2015/10/15 ... 2016/10/14 Radials in area B Vectors in area A 5 83k B g

Annual Average 99,92% 98,85% 6.31 minutes

Monthly Minimum 98,96%

95,56% < 10 minutes

& e Y

R
o o \'w ‘-"',,-" \»:
EERRERERFE

vl\/\\ ‘_/ Tt

HELZEL® el I ERERRRT

—

Tsunami Detection and Alerting by WERA Ocean Radar WEQA

Ocean surface current velocity on a gridded map

Remove natural tidal currents ‘

Tsunami current velocity map ‘

Alert Message

HELZEL®

erstE e chom
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Detection of Meteotsunamis

an Networks Canada,
Columbia
n; j_;,rlce March 2016

Vancauver
Island

!1Ek'zlﬁ ‘L‘a A 128°0'W 127°0W |26‘D' _‘72?_‘0‘\” 124°0W |23'0W

B HELZEL Messtechnik smbH.

Real-Time Meteotsunami Observation WERA

0 5 __10nm 2
—
0 5 1015 km

BRI 1 mwmmm
+erem/s| (002 012 021 0.31 0.40 0.50 0.60 0.69 079 0.88 0.98
Tsunami Prcbab;my

Meteotsunami at the west coast of
Canada near Tofino, Vancouver Island,
B.C.on 14 October 2016

[ = =4h =i =06 =hE =4 =4 236 =08 2R TR AN

Ocean surface currents
easured by ONC operated WERA system

Tsunami probability map
generated by ONC operated WERA system

WERA Remote Sensing ggl
14-0ct—2016 05:00 UTC Tofino N
|-1|:|_7|:|_§‘ T e

12FW 50'° 40° 30' 200 10° 126W 50° 40 300 20 10
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Meteotsunami - Automatic Generation of Alert Message

14-0CT-2016, WERA@Tofino
100
A wave 20 cm high
reaches the shore at
Long Beach at 6:30

75

50

Tsunami Probality in %

0
00:00 00:30 01:00 01:30 02:00 02:30 03:00 03:30 04:00 04:30 05.00 05:30 08:00 08:30 07:.00
Hours (UTC)

B HELZEL Messtechnik smbH.

Detection of Meteotsunamis
ijkswaterstaat, The Netherlands

HELZEL®

B HELZEL Messtechnik smbH.
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ek A E R e < ¥ 3t Ocean Business 2019

The hands-on ocean
technology exhibition
and training forum

sk BUSINESS 19

‘FREE

Exhibition
Conference
Demonstrations
Co-located Meetings
Ocean Careers

Social Activities

in» f@©

oceanbusiness.com

More than justa
static exhibition...

Ocean Business is unique. Visitors can also attend the
Naot only can visitors meet Offshore Survey conference
face to face with 330+ and a variety of free to attend
exhibitors from across the co-located meetings held by
globe, they can also see the leading organisations in the
latest products and services industry.

first hand with over 180

hours of free to attend live Sacial activities will also
demanstrations held run alongside, providing
on-board vessels, in dockside  all important networking
waters, in a test tank and in opportunities with calleagues
classrooms. old and new.
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Join more than 5,000 visitors
from over 60 countries

International Exhibition
See the latest product launches from 330+ international exhibitors

Training & Demonstrations
Get hands-on with 180+ hours of training and demo sessions

Offshore Survey Conference
Hear from industry experts addressing the major issues facing
the international offshore survey community

Co-located Meetings
Attend co-located meetings and seminars organised
by independent groups or arganisations in the industry

&4 It has been the busiest trade show

Ocean Careers h e et
Discover opportunities and meet patential new employers we have ever attended, no JU\.
at this three-day careers event held alongside Ocean Business but any trade
Social Activities show in the industry.

Network at social events held throughout the show

Offshore Survey is a technical
conference focussing on the technology,
operations and business issues in the
glabal field of offshore surveying.

b= The 2019 conference has a great line up of papers
SO Uth am ptOﬂ ; UK 1 0—11 A prl I covering autonomous and unmanned vehicles,
imaging, data and future perspectives, amongst
others. Twa days of inspiring, intriguing and thought
provoking sessions that offers an insight into
innovative technologies, case studies and reality
checks as well as some insight on the future patential
of offshore surveys.

Sessions include:
Conference Delegate Fee:

£345 + VAT, which includes:

Entrance to the confere

@ Autonomous Vehicles and Vessels

@ Future Industry Perspective

Conference proceedings

Delegate bag ] ; @ Satellite Derived Products
Lunch and refreshments # < ;

€ Coast and Environmental supones by
Space is limited N & @ Imagery and Visualisation
soregister online now: :
. Education and Competencies g
oceanbusiness.com R ¢ ¢ e
/register @ Dataand Digitalisation =
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Training & Demonstrations

180+ hours of free to attend iy

Tuesday 09 April

> demonstratior

FREE'

TOATTEND

RJE Oceanbatics

Oceanbotics SRV-8 ROV with 8 thrusters
- agility, manoeuvrability, speed and
strength

Hydromea

Data-download from submerged lander
with ROV using LUMAZ250LP optical
modem

VideoRay's mission specialist series

Atlantas Marine
underwater ROV technology

Outland Technology
ROV 2500 demonstration

Teledyne SeaBotix

Advantages of the vortex thrust
technology for underwater inspection
tasks

Deep Trekker
DTG2 ROV 4K, and sonar. DTX2 ROV 4K

300m depth |

Saab Seseye
ROV demanstration

develogic

Popup telemetry solutions - compact
seafloor lander combined with popup data
ferries with iridium data transmission

Docksides 1& 2

Kongsberg Maritime
Live demo of the GeoPulse Sub-bottom
Profiler USV

TechWorks Marine

CoastEye Mini-Buoy - portable water
quality monitaring buoy for estuarine
and coastal environments

Chelsea Technalogies Group

Pollution monitoring from sewage 10 oil
inwater using the CTG lux range of
flurometers

RBR

Real-time access to multi-parameter
water quality data through Wi-Fiand
inductive modern technology

Kongsberg Maritime
Flexview: multibeam sonar for
observation class ROVs

CHC Navigation
Autonomous bathymetric surveying
using CHC Apache 5

Maritime Robotics
Otter USV with mutibeam echosounder

Teledyne Oceanscience /SeaBotix
Ciwil engineering demonstration

L3ASV Global

An autonomous vessel demonstration
showcasing state-of-the-art inspection
techniques

DWTEK / advanced navigation ROV and

| DWTEK
subsea navigation system demonstration

Sttuational awareness on a cloud linked

| dotOcean
ASV swarm

Seafloor Systems

EchoEoat ASV B3 vehicle with integrated
multibeam echosounder, QuickCast SYP
cast system, and our ULARS — USV
Launch and Recovery System

Vessels

Valeport
Operation and data presentation of
SWiFTplus multi-parameter profilers

MNortek
Live demonstration of the Nortek vessel
mounted current profiling system

Rockland Scientific
On-vessel demonstration of the
MicroCTD turbulence profiler

Geomatrix Earth Science
Demanstrating the new GeoEel LH-16
ultra high resolution digital streamer
by Geometrics

Klein Marine Systems
Don't miss the opportunity to see the
newest Side Scan Sonar technology
from Klein Marine. Understand why
“The difference is in the image!”
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srooms |

Sea-Bird Scientific
Improvement in active optical sensing

Kongsberg Maritime
Multibeam solutions for bathymetric
and imaging applications

Sea-Bird Scientific
Latest developments in Ocean pH
technology

Kongsberg Maritime
Advances in remote survey and AUVS

EdgeTech
Introducing the EdgeTech 3400
sub-bottom profiler

Nartek
Maximising DVL and current prafiling data
quality from moving platforms

nke Instrumentation

The WiSens logger range: more Sensors
and more capabilities in physico-chemical
manitering

Teledyne Bowtech
New laser range gated camera and GIGE
camera

Demanstration of tritech sensors and

Tritech International
tools for ROV and AUV



Delegates must be on site to reserve a place.
Arrive early if you wish to attend morning sessions.

BUSINESS

Tuesday 08 April

Turner Designs

Environmental monitoring utilising
fluorescence spectroscopy: successful
wehicle integrations

Xylem
Measuring waves from surface to seabed
with the MOTUS and the new Sgaguardil
DCP Wave/Current Profiler - comparison
and experiences

AML Oceanographic
AMLSVP, CTD, and multiparameter
instrumentation: X series and beyond

SubCtech

Demanstration of latest pCo2
flow-through and in situ measurement
systems

R2Sonic

The Integrated Sediment Profiler (ISP),
a parametric system operating at
frequencies between SkHz and 20kHz
and the beamwidth i +15°

Teledyne RD Instruments
New technology for long range current
profiling

PanGeo Subsea
Application of PanGea's technology for

International Submarine Engineering

1-10m Aftitude AUV Survey: How the

Explorer can collect specialised low
| altitude data and images

| RJEOceanbotics
Oceanbotics SRV-8 ROV with 8 thrusters
- agility, manoeuvrability, speed and
strength

| Teledyne Marine
Technologies enabling the progression
of manned submersibles

L3 OceanServer
Innovative ULV software: new vectormap
(M) and underwater vehicle console

| v

Teledyne Reson

SeaBat T-Senes: multibeam sonar
configuration minimising processing
time and a better use of resources

Teledyne Reson/BlusView/Bowtach
Subsea sonars portfolio including
Bowtech cameras. lights and the new

| Teledyne RESON T50-5

mitigating risk for Offshore installation:
and creating value for seabed survey
activities

Teledyne Gavia
AUVs from littoral to deep ocean -
(Gavia, Dsprey, and SeaRaptor overview]

l Fusion 2 - next generation: combined
| LBLand INS software

| Bibby HydroMap
High-resolution 30 marine asset
inspection surveys for coastal monitoring

Training & Demonstrations

180+ hours of free t

Wednesday 10 April

attend lix

/e demonstrations

Teledyne Bowtech
New undenvater communication system

Kraken Robotics Systems:

An introduction to high speed
interferometric SAS: how | learned to
stop worrying and love the resolution

Teledyne Caris

Applying machine learning and
automation ta gain efficiencies in data
processing

EIVA

MNaviSuite software enables automatic
object detection, SLAM technology for
real-time point clouds and mesh from a
single camera, and tracking of underwater
objects

Atlas Professionals

The Atlas Competence Programme
assures competency within a function/
field of expertise through a recognised
COMPpEtence programme

MMT
Delivering complex multi-disciplinary
high resalution surveys

HYPACK, A Xylem Brand
NEXUS 800 UAY system

Foreshore Technology
Customising DredgeMaster 10 handie
unigue monitoring and data entry
scenarios. DredgeMaster Web real time
data for vessel/share fleet management

ars
Enhanced visualisation and analysis
with the all-new Fledermaus 8

Anekonnect

Design of X-mas Tree Cable Assemblies
-Wet Mate PBOF assemblies, using
web-based application, without the need
forany CAD software/skills

develogic

Acoustic and seismic signal recording
systems - for marine mammal population
assessment, construction noise
monitoring and tsunami early warning

Ocean Sonics

Classify ocean sounds with smart arrays
whether static, drifting or towed using the
icListen and its new smaller platform

Teledyne Reson/Blueview

Inspecting with the new Teledyne Reson
T20 MotionScan and Teledyne Blueview
Ma00

CHC Navigation
Automanaus hathymetric surveying
using CHC Apache 5

INNOMAR Technologie
Innomar SES-2000 smart SEP
for USV integration

SBG Systems

SBG systems full inertial solution
(hardware/post processing software

FREE'

TOATTEND

Blue Robotics
Blue ROV2 demonstration

VideoRay's mission specialist series

Atlantas Marine
I underwater ROV technology

Hydromea
Data-download from submerged lander with
ROV using LUMAZ50LP optical modem

RJE Oceanbotics

Oceanbotics SRV-8 ROV with 8 thrusters
- agility, manoeuvrability, speed and
strength

Outland Technelogy
ROV 2500 demaonstration

Deep Trekker
DTG2 ROV 4K, and sonar. DTX2 ROV 4K
300m depth

SasbSessye
ROV demonstration

develogic

Imaging systems for seafloor landers:
video assist deployment. still and video
imaging systems, data telemetry

Docksides 1& 2

Kongsberg Maritime

M3 Sonar PHS: Kongsbeny's smallest
multibeam for unmanned hydrographic
SUMVEYs

Zunibal
ANTEIA system, a compact wave: buoy
which gives real time wave information

Kongsberg Maritime
Live demo of the Geopulse sub-bottam
profiler USV

Seafloor Systems

EchoBoat ASV G3 vehicle with integrated
multibeam echosounder, QuickCast SVP
cast system, and our ULARS - SV
Launch and Recovery System

Chelsea Technalogies Graup

Green shipping initiatives for monitoring
waterto ensure vessels are fully
compliant with global regulations

Teledyne Benthos
Combined vehicke / postioning /
acoustic comms demonstration

dotOcean
Situational awareness on a cloud linked
ASV swarm

Maritime Robatics
Orter USV with multibeam echosounder

INNOMAR Technologie
Innomar SES-2000 smart SBPon
dotDeean Calypso USV

Teledyne SeaBotix
Dperational demonstration of capabilities

L3IASV Global

An autonomous vessel demonstration
showcasing state-of-the-art inspection
techniques

DWTEK
DWTEK / advanced navigation ROV and
subsea navigation system demonstration

Vessels

Geomatrix Earth Science
Demonstrating the new GeoEel LH-16
ultra high resolution digital streamer
by Geometrics

Klein Marine Systems

Don't miss the opportunity to see the
newest Side Scan Sonar technology
from Klgin Marine. Understand why
"The difference is in the image!”

Valeport
Operation and data presentation of
SWiFTplus multi-parameter profilers:

Mortek
Live demonstration of the Nortek vessel
mounted current profiling system

Marine Sonic Technology
ARC explorer MKl dual smultancous
high resolution side scan sonar

Edgetech
New rugged acoustic release - feawres
and advantages of EdgeTech releases

Kongsberg Maritime
GeoPulse compact: a new lightweight /
low power sub-bottom profiler

68

Sea-Bird Scientific

Expanding capahilities of biogeochemical
sensors for autonomous and remote-
operated systems including floars, AUVs,
and ROVs

Kongsberg Maritime
Muttibeam solutions for bathymetric
and imaging applications

Teledyne Vehicles

Integrated systems for mine
countermeasures: air and sea -
operational resuls from ANTX

‘Sea-Bird Scientific
Real-Time Data Moarings using Inductive
Modem Communications

Aquatec

Through-water optical communications
for ROV-driven data retrieval and
instrument control

26 Robatics

A brief background on the tech used in
26's underwater laser scanners before
teaching attendees how to effectively
plan a dynamic laser scanning mission

RIEGL Laser Measurement Systems

An update on RIEGL's shipborne, airborne
and UAV-borne topobathymetric
salutions

Rockland Scientific

In-classroom presentation of data
collected from on-vessel demonstration
of MicroCTD Turbulence Prafiler



Delegates must be on site to reserve a place.
Arrive early if you wish to attend morning sessions.
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Wednesday 10 April

nke Instrumentation

Ocean Environmental Sensorrs -
latest achievements in CO, and
absolute density measurement

RER

Atechnical description of the RER
inductive conductivity cell theory,
calibration and performance

SBG Systems
Presentation of SBG systems full inertial
solution [hardware/post processing
software)

R2Sonic

Details on TruePix'™ that provides highly
compressed water column imagery

(1% of traditional water column imagery)

Teledyne Benthos
Teledyne Benthos / iXblue collaboration

Xsens Technologies
How to keep a stable heading in magnetic
distorted environments

AML Oceanographic
Removing the technical and financial
unpredictability of surveying through
underway profiling with MVP

Subses Technology & Rentals
An overview of STR's Seaspyder Drop
Camera Systems

L3 OceanServer
Learn how new OceanServer UUVS help
complete difficult missions

Teledyne Oceanscience
Oceanscience Z-Boats - platform
enhancements to improve your

| operational success [Z-1800 and Z-1250)

Ictineu

Pressure-tolerant, high-energy li-po
battery solutions for deep-sea platforms
and vehicles

Maritime Robotics
Otter USV with multibeam echosounder

EcoSUB/Planet Ocean
AUV missien planning made simple.
the ecoSUB way

Exocetus Autonomous Systems
Overview of the Exocetus MOD2 Blider
capabilities and features

| Teledyne SeaBotix
Berter performance, smaller footprint
- new power enhancements for Teledyne
| SeaBotix ROVs

| Teledyne Benthos

| Advanced acoustc communications -
case studies from around the globe
Teledyne RESON
ParaSound sub-bottom profiler case
studiesin search for deep water
resources

INNOMAR Technelogie
Using a parametric 30 SBP for offshore
site explomtions

Training & Demonstrations

180+ hours of free t

Thursday 11 April

attend lix

/e demonstrations

Sonardyne International
Unlocking a world of ocean science
applications with Ranger 2

Bibby HydroMap
DriX - the future of hydrographic survey

Teledyne Odom/PDS
Introducing the new Teledyne Odom
Echolrac E20 single beam

Teledyne Webb Research
Slocum G2 Glider - latest innovations
update

Atlas Professional

The Atlas Competence Programme
assures competency within a function/
field of expertise through a recognised
competence programme

TechWorks Marine

Real-time data for dredging operations,
The use of in-situ and earth observation
data for permits compliance

HELZEL Messtachnik

Reliable MetOcean data in real-time for
coastal management - latest news on
ocean radar for current and wave
Measurements

EIVA

Autonomy and remote operations in EIVA
NaviSuite. Learn how vessel/crew size
can be reduced as well as for automated
processing features

QaPs
From beams to bENCs with OPS products

OLSPS
Multipurpose electronic fisheries Logbook
(eLogl and management solution

SeeByte
Demonstration of human machine
interface technologies for unmanned C2

HYPACK, A Xylem Brand
Undersea, surface and aerial mapping
solutions using HYPACK

OceanWise
Data transmission - smart, reliable
and secure

DECO / RadExPro
Processing of HR/UHR marine seismic
focus on demultiple

RBR

Atutorial on RBR's RSKtools, the open
source Matlab tool box for visualising
and post-processing CTD data

Nortek
Maximising DL and current profiling
data quality from maoving platforms

Geomatrix Earth Science
Training session on the G-882 marine
magnetorneter GP120 digital altimeter

Kongsberg Maritime
Underwater positioning sensing systems

FREE'

TOATTEND

Outland Technology
ROV 2500 demanstration

Teledyne
Teledyne Underwater Optical
Communications System

Blue Robatics.
Blue ROV2 demonstration

Hydromea

Data-download from submerged lander
with ROV using LUMAZEOL P optical
maodem

VideoRay's mission specialist series

Atlantas Marine
underwater ROV technology

SaabSeaeye
ROV demanstration

Docksides 1& 2

Chelsea Technologies Group

Primary productivity measurements
using the FastOcean and Act2 for
probing phytoplankton photosynthesis

Kongsberg Maritime
Dual axis scanning sonar for long term
monitoring solutions

Kongsberg Maritime
Live demonstration of the Geopulse
Sub-bottam profiler USY

DWTEK
DWTEK / Advanced Navigation ROV and
subsea navigation system demonstration

L3ASV Global

An autonomous vessel demonstration
showcasing state-of-the-art inspection
techniques

Teledyne Oceanscience
Autonomous Survey options for every
budget (2-1800 and Z-1250)

INNOMAR Technologie
Innomar SES-2000 smart SBP on
dotOcean Calypso USV

Maritime Robatics
Otter USV with multibeam echosounder

Vessels

Kiein Marine Systams

Don't miss the opportunity to see the
newest Side Scan Sonar technology
from Klein Marine, Understand why
“The difference is in the image!”

Valeport
Operation and data presentation of
SWiFTplus multi-parameter profilers

Marine Sonic Technology
ARC Explorer MKII dual simultaneous
high resolution side scan sonar

69

Geomatrix Earth Science

See the latest developments of the
0AS* Magnetic Transverse Gradiometer
System with integrated sidescan sonar
and SAMM data acquistion software

i
|
!
|
|

Kongsberg Maritime
Undenwater gas sensors and systems

Sea-Bird Scientific
Traceability of radiometric measurements
in ocean colour validation

Kongsberg Maritime
Mapping cloud visualise, analyze and
share multibeam data in real-time

EdgeTech
New features in the EdgeTech 4205
side scan sonar

Sea-Bird Scientific
Measuring nitrate in fresh and sattwater

Geomatrix Earth Science

Training $ession on the G-882 Maring
Magnetometer GP120 Digital Altimeter
Board

Prevco Subsea Housing
Preveo subsea housing design, material
choices and accessories

Coda Octopus
Training and instruction on survey enging
geophysical interpretation software suite

Dynautics
How: to design an ASY or AUV?
Simulation to Launch

EOMAP

For surveyars, coastal-engineers and
planners: satellte info on bathymetry,
seafloor, coastline and water properties
Reduce risks and increase efficiency

R2Sanic

Ultia High Density (UHD): 1024
soundings/ping, Ultra High Resolution
(UHR): beam width down to 0.3° x 0.6°
and Multimode. Providing full coverage
muhifrequency surveys in a single
operation with a single system

Xylem

Measuring waves from surface to seabed
with the MOTUS and the new Seaguardll
DCP Wave/Current Profiler - companson
and experiences

Teledyne RD Instruments

Latest advancement in Doppler Velocity
Log Technology, including extending
Bottom Tracking Range (XRT)

‘Swale Oceanographiic
Using unmanned boats in discharge,
bathymetry and water quality sureys



Delegates must be on site to reserve a place.

Arrive early if you wish to attend morning sessions.

SubCtech
Demonstration of lstest pCo2
flow-through and in situ measurement
systems

| Teledyne SeaBotix
SeaBotix SWIM-R: ROV enhancements
| foroffshore oil and gas applications

| Teledyne Vehicles
TMuehicles enabled by autonomy

| Swathe Services
USS will present the new accession
class USV

Teledyne Webb Research
Deep apex - profiing to 6,000m

Sonardyne International
Solutions for navigating and positioning
underwater vehicles in aquaculture

Falmouth Scientific
High performance sub-bottom acoustic
sources and transducers

Teledyne PDS/BlysView/Rason

Marine construction inspection with
RESON T20 MotionScan and Teledyne
Blugiew M300

Teledyne RESON/BlueView/PDS
Forward bathymetry with the new
Teledyne RESON F30. Principles, use
and applications

RTsys
Underwater acoustic recording real-time
asseasing data swarm mode AUVS

Atlas Professionals

The Atlas Competence Programme
assures competency within a function/
field of expertise through a recognised
COMPEtEnCE programme

EIVA

Latest capabilities and experiences with
the ScanFish sensor platform, including
using it for UXO surveys, the 3D steering
option and how the XL version works with
the PanGeo Sub Bottom Imager

Morcom Technalogy
Using electronic charts and data overlays
to assist project planning

Wirtsili ELAC Nautik
Wartsila turnkey solutions for research
and survey vessels

Pro-Dceanus Systems
Latest advancements for improved
dissolved gas measurements

Anekonnect

Design of subsea cable online, used on
ROV and instruments without the need for
any CAD software, with outputs of BOM
engineering drawing and a digitally
search-able parameters

Co-located Meetings

Leading or

host FREE to attend m

Teledyne TSS
The importance and benefits of cable
and pipe tracking Target Scaling

10N

Marlin is @ maring intelligence system
that combines temporal project planning
with 3D spatial situational awareness,
and aliows for playback and reporting

aPs
Autonomous survey with QINsy and
Qimera

HYPACK, A Xylem Brand
HYPACK 2019 latest features

RER

RBR's system integration tools for RER
CTD integration on OEM platforms. The
use ofthe OEM development kit, RER
interface library, and dedicated Jira 0EM
technical support

Geosoft
Showcasing 0asis montaj and its
application 1o offshore site investigations

TechWorks Marine

CoastEye Mini-Buoy - portable water
quality monitering buoy for estuarine
and coastal environments

BioSonics
Sonar and ASVs for mapping bathymetry,
seagrass, and substrate classification

s alongside

Tuesday S, Wednesday 10 and Thursday 11 April Seminar Room

NOC Workshops
and Seminars

Understanding the needs of the industry and
delivering information that underpins it's objectives.

HATURAL EMIRONHENT RESEARCH COUNCIL

The NOC is the UK's leading institution
for integrated coastal and deep ocean
research. The Centre undertakes and
facilitates world-class, agenda-setting
scientific research to understand the
global ocean by solving challenging
multidisciplinary, large scale,
long-term marine science problems

to underpin international and UK
public policy, business and wider
societal outcomes.

70

This year, the NOC's key aims are to
understand the needs of industry,

and to demonstrate how the NOC's
science and technology can be used
to deliver information that can support
and underpin industry objectives

This will be facilitated through their
workshop and seminar programme,
held daily throughout Ocean Business
in their seminar roam

Find out more:
© oceanbusiness.com

BUSINESS

Thursday 11 April

Download
the app now...

With so much FREE
content over three days,
the new Ocean Business
App is a vital tool to help
you plan your schedule.

Sessions with focus
on the following areas:

© TheNOC's
involvement with
the South Coast
Marine Cluster

© Ships and equipment
chartering

@ Marine science
and technology

@ Marine data products



Wednesday 10 April Conference Room 344/32

Enterprise Europe Network
B2B matchmaking event

Your chance to meet potential business
and technology partners in one day!

@ Are youlooking for new
customers, partners ar
financiers for your company?

@ Are you looking far new
potential partners to develop
your business and research
objectives?

@ Are you seeking partners
o0 adapt your technology
for dual-use applications?

@ Or maybe you just want to
bogost your innovativeness?

This free to attend matchmaking
event will give you the opportunity
to meet potential business partners
during pre-arranged 20 minute
meetings and create real business
development opportunities with
both exhibitors and visitors, active in
the maritime sector. Your agenda will
be sent to you one week before the

ocen

BUSINESS

‘ ‘ ‘
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"
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EUro|
retwork

By oo n Dooenen

event with the exact time and
location of your meetings.

Participants are asked to
register online in advance:

© oceanbusiness.com

UNIVERSITY m
GREENWICH

e
‘ pcinas\iast

Science, Policy and Blue Growth in
the Atlantic at the ATLAS Workshop

Wednesday 10 April
Room G1

Free and open to all, the EUATLAS
Horizon 2020 project warmly invites
exhibitors and delegates to
participate. Representatives with
interests in marine spatial planning
[MSP), blue growth sectors, and
policy and regulation are especially
welcome

ATLAS is a four-year project with
partners from multinational
industries, small and medium
enterprises (SMEs), governments
and academia. Together, these
partners are assessing Atlantic
deep-sea ecosystems to create the
integrated and adaptive planning
products needed to support

sustainable blue growth, marine
conservation and resource use in
the context of a changing climate

The warkshop will showcase the initial
results from the ‘Industry reactions
to ATLAS recommendations’ study
and provides the opportunity for
exhibitors and delegates to join the
discussian and share perspectives

Find out more:
© oceanbusiness.com

Patlas
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Key Enabling Technologies to drive innovation
and competitiveness in your business

Tuesday 9 April, 10.00 - 12.00
Conference Room 344/32

As a partner in the European
project KETMaritime, Marine South
East will be presenting information
and case studies an key
technologies, such as: micro and
nanoelectronics; nanotechnaology:
industrial biotechnology; advanced
materials; photonics; and,
advanced manufacturing
technologies, which canassist
maritime companies in bringing
new processes, products and
services to market,

The workshop will include
discussion of case studies to
enable firms to understand how
some of these technologies could

directly assist their business. The
event would be of interest to both
SMEs and larger companies who
are interesting in learning about
Key Enabling Technologies that
could transform their business

Participants are asked to
register online in advance:
@ oceanbusiness.com
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Are you interested in
BlueTech clusters?

Monday 8 April, 12.00 - 17.00
Lecture Theatre

UK Hydrographic
Society AGM

Wednesday 10 April, 14.30
Room G2

BlueTech Clusters bring together the Triple Helix
- academia, industry and policy makers - to
create 3 “Blue Voice" region-by-region, country-
by-country. The BlueTech Cluster Alliance
(BTCA] - Ten leading BlugTech Clusters from
eight countries — will meet at Ocean
Business 2073 and invite anyone interested
in BlueTech clusters to join us We will discuss
how BTCA member clusters and member

All fully paid-up individual and
corporate members are invited to
attend Please come along and have
your say on the future of the
Society.

Find out more:
© oceanbusiness.com

Discover job opportunities
and gain career advice in
marine science and ocean
technology whilst networking
with leading industry experts

companies collaborate and explore ways we

and prospective employers
can work with developing clusters globally 2

. www.oceancareers.co.uk
Find out more: :

@ oceanbusiness.com

THE MARITIME
E

ALLIANCI

e Jobs” .

— (" CAREERS

Social and Networking Opportunties Top up your CPD Points

We understand the importance of networking with collagues old and new so we
organise the following to help with those all important informal get togethers:

[_soLoouT

Claim aceredited CPD hours at the training
& demonstration sessions or conference,
which have all been formally recognised
as professional development

Welcome Drinks Wine Trail Ocean Business Dinner Download the Show App...
Pitcher & Piano The Exhibition Floor Southampton

Southampton SO14 3JB 9 April 2019 Harbour Hatel = Visit the App Stare or

8 April 2019 1700 -13.00 Southampton S04 3TL d Google Play Store, search for
1800 -19.30 10 April 2019 VI biversified Communications

19.00 - Midnight UK’ and look for the app icon.

8¢ This is one of the most important
shows in our calendar. #7

¢ It has been excellent. Out of the two
UK oceanographi , this of

the best for us - no question! **

REGISTER

Organised by

diversified oceanbusiness.com
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Seaview Sensing Software

Lucy R. Wyatt

Seaview Sensing Ltd
and School of Mathematics and Statistics
University of Sheffield

email: lucywyatt@seaviewsensing.com

Outline

@ Seaview Sensing Ltd

@ What are we measuring and why?
@ What methods are available?

@ The Sheffield-Seaview method

@ Accuracy and limitations

@ The software package

@ Some examples

References are indicated with i and listed at the end.
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Seaview SensinglLtd

@ Established in 2004 to commercialise software
developed at University of Sheffield

@ Small team of consultants undertaking
research and software development,
installation, support.

@ Our software provides surface current, wave
(including the directional wave spectrum), and
wind (wind speed less robust) accessible as file
downloads and via a Data Viewer.

@ Software has been installed on systems in UK,
France, Germany, USA, Australia, OMAN,
Turkey

@ Data has been processed on our servers from
radars in UK, USA and Korea.

S
S
-8
B

What are we measuring and why?

The sea surface can be described by
waves of different amplitudes,
wavelengths (or frequencies) propagating
in different directions - a directional -

spectrum 5(k, 8) (s(f, 8) = S(k, 8) x %).
From this we can determine:

@ Energy spectrum E(f) = J. S(f, 8)de,

@ Significant waveheight Hs =4 x sqrt(j E(f)df),
[ E(f)df
[ FE(F)af’

_, | ] S(f, 8)sin(6)d6df
[ TS(f, 6)cos()d0drf

@ Mean period T1 =

@ Mean direction 8y = tan

and many other parameters.e.g wavepower and
energy period, all using standard methods.

74
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What are we measuring and why?

Waves are categorised as:

wind waves - swell - generated a long
generated by the local way from the
wind. observation point.

PROVEX

What are we measuring and why?

g . Example of a directional
E=] A spectrum.

The larger lower frequency
{higher period, longer
wavelength) peak, 0.06Hz, is
swell.

ey sy s}
kY L3

H H
06 irna

The higher frequency peak,
0.12Hz, could be the wind
wave peak although there is
evidence of higher frequency
waves, > 0.2Hz, in a different
direction (spectrum is

8(f) Buoy multi-modal).

1 1 2

P
1
H H
g L0 jras)

*
i
E

ol
<
-8
!
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What are we measuring and why?

Wave data are important for:

@ Design, maintenance and monitoring of coastal
structures e.g. piers, harbours, breakwaters,
wind farms, marine renewable installations;

@ Operational assistance for coastal construction
projects;

@ Monitoring severe weather conditions, storm
surge forecasting;

@ Beach erosion and sediment transport;

@ Baseline data for monitoring the impact of
climate change;

@ Oceanographic research,

What are we measuring and why?

With the radar we are measuring the magnitude of
backscattered signal from the sea surface Doppler
shifted by waves of half the radio wavelength - Bragg
scattering.

Wave measurement is possible because non-linear
wave-wave interactions generate such waves
propagating at different speeds from the linear waves
used for surface current measurement.

Non-linear electromagnetic-ocean wave interactions
also contribute but are less important.

These two mechanisms are described by a non-linear
integral equation.

SEAVEW 8
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What are we measuring and why?

Barrick's equations

The basic measurement is the power spectrum of radar backscatter,
o(w, ¢, d), which is the sum of the first o1(w, ¢, d) (51 and second oz(w, ¢, d)
[43, 161, [31 order parts of the spectrum:

oy(w, ¢, d) =25k} > S(—2m’ko)s(w— +/2gko tanh 2kod)

m,m’=£1

0 oo
oy(w, ¢, d) =25k 3 f f Ir125(mk)S(m’k’}5(w — /gk tanhkd — /gk” tanh k’d)dpdq
00 J—00

mm’=£1""

where
ko = (kocos @, kosin@) is the radio wavenumber at bearing ¢,
k + k' =—2kp Bragg condition,
IT|2| coupling coeffiicient containing the physics associated with 2nd order
hydrodynamic and electromagnetic processes,
S(k. 6
d is water depth, 5(k) = (k’ ) and k= (p—ko.q) .

Sur aim is to solve for S(k) and/or parameters thereof.

SEAVEN 9

What are we measuring and why?

The Doppler spectrum

8.03MHz
g I Pisces measured
- | 1 Doppler
40/, f 1 spectrum.
I i i 2 first order Bragg
- Q51 (S FU— ] f—— peaks — darker
§ - B S shading.
o e i o
PV DU W | second order
PARAY iy around higher
- i Bragg peak -
1.5 -1.0 0.5 0.0 0.5 1.0 15 lighter shading.
Doppler frequency in Hz
2 |
SEAEN 10
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What methods are available?

@ Short-wave (wind) direction and spreading -
from o3.

[22], [11], [35], [28]

@ Highly linearised or empirical estimates of
waveheight, period, direction and E(f) - from
o2 normalised by o,

[2), (1], [23], [31), [12], (34], [8], {27]
@ Integral inversion - from o, normalised by o3

[20], [21], [32], [14], [24], [13], [33], [29])

These methods have been applied to single and/or
dual (or more) radar data.

22
FRAVEN 11

What methods are available?

Short-wave (wind) direction and spreading

These methods make the assumption that the first order Bragg waves are
local wind waves aligned with the local wind direction.

Pierson-Moskowitz ocean wave
Pl Moskowtz shecem spectra [25] for the significant

— 50

20 waveheights (metres) indicated.

— 10

i = . :
z ¢ i Vertical dashed lines show the 1st
5 X"’ order Bragg-matched linear wave
5 _ \ L frequencies for the radio frequencies
g AP i (MHz) indicated.
= i
[ -
A i The short-wave assumption is best at
frequency, Hz ) high frequencies and high sea-states.
e
FPAEN 1z
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What methods are available?

Short-wave (wind) direction and spreading
0—0y

2
D(Bw. B) = sech? B(6—6y) where 8, is shortwave or wind direction, s or 8
describe the spreading about 8y and 5(fsw, 8) = E(fow)D(8w, Spread).

Assume a short wave directional model e.g. D(8y, S) = cos® or

Sometimes the spread is set to a fixed value e.g. s =4 is quite common,
sometimes both are found.

> wind direction

" radar look direction

* magnitudes in and opposed to the
radar look direction.

These are directly proportional to the
first order peak amplitudes - see
equation for o1 (w).

13

What methods are available?

Linearised and empirical methods

Barrick [2] showed how and under what conditions his equations could be
linearised to obtain a weighted linear relationship between o2 and E(f) thus
confirming the suggestion of Hasslemann [9].

This has motivated other similar methods mostly involving modifications to
the weighting using empirical methods (buoy data) [12], [8], [27].

At the time it was claimed that the result was independent of wave direction
but this was subsequently guestioned [30].

Others have derived empirical expressions for Hs, T1 by comparing integrals
(possibly weighted) of g with buoy data [23],[31], [34].

In general these methods:
@ cannot account for changes in water depth

@ are sensitive to changes in wave direction, are often calibrated using
buoy data for the local wave conditions and dominant directions and
are thus not generally transferrable to other locations.

SEATEN 14
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%
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What methods are available?

Sensitivity to direction and averaging

24122011 22:00 241212011 20:58
22°8 j—= R s 22°8 |- 4 S T— =i s
L™ | a0 Ee )l 4.0
2 : |
Wil (s 4 wil . M i
| o p i
a5 A L v ™ a5

23°s
28

24°s |

: 0.5 us | T
}mr.‘

i e e e s 5
mie ¥ 2% ¥ R i51%e e 19

Very different waveheights from the two radar systems looking at the sea
from different directions. Need to combine information from at least 2

radars (or possibly different directions or frequencies) to get accurate
measurements. More averaging also needed.

NB the above data are obtained with the standard WERA algorithm.

SEAVIEW 15

What methods are available?

Inversion

This involves simplifying [19]and discretising the equations,
in some cases linearised by assuming a wind-wave model for
S(k’, 8"), and solving using a numerical method which could
involve:

@ regularisation ([201, [21], [18]),

@ singular value decomposition ([14]),

@ constrained iteration ([32], [33]1, [7]),

@ Bayesian methods ([24]),

@ optimisation ([13]).
The solution in some cases gives the first five Fourier coefficients of the
directional distribution (equivalent to a buoy measurement, [29]) and in

others gives the spectrum on a wavenumber or frequency-direction grid
from which all the Fourier coefficients can be obtained.

SEAVEW

16
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What methods are available

Frequency limitations

The important parameter
that determines the
maximum waveheight for
validity of inversion and
empirical methods is the

significant waveheight, m

radio wavenumber x

waveheight shown here.

5 10 15 20 25 30 35
radio frequency, MHz

Linearisation becomes increasingly inaccurate as you move into the white
region of the plot. Red lines mark lower limits for directional spectra (solid),
waveheight (dashed) and wind direction (dotted).

SERVEN 17

What methods are available?

Difference between phased array and compact systems

1-hour average map of
areg i RO OV SO0 VAVRBEOT . s waveheight and peak direction
[N measured with 8.512MHz WERA
in West Australia. Maximum
| measured range is about 90km.

20

’ @ SeaSonde inversions assume spatial
i homogeneity over a measurement
i annulus and use the antenna
pattern.

& @ In 2014 paper [17] (4.5MHz in

Scotland) waveheight and period

| were measured by averaging over

y . 10 range bins (41km - blue dotted
' 1

32°s

20 line - little variability reported over

that range) and over 3 hours.

¥ e — 0
“ e W '" 16°% @ Measured direction found to vary so
only measurements close to the
radar sites used - black dashed

annulus.

18
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The Sheffield-Seaview method

! difference
Hs and T1 _.?
Wind wave small enough?
spectrum
‘ Modified 4= | No
ylEpecEion
Integration i
¥
Simulated
Doppler spectra
Wind direction - using maximum likelihood method -

Hs and T1 using empirical formulae
Integration - evaluation of RHS of 2nd order equation.
Modification - uses difference and the value of the coupling coefficient.

SENEM 19

Accuracy and Limitations

Wind (short-wave) direction and spreading

WHTLTY TR,
Y \i*\liﬁ | LA | NM

. |
-130“ h 1 nﬂ L, :K [ P\ P PeA N

Mar-2011  Apr2011  Apr-2011  May-2011  Jun-2011  Jun-2011  Jul-2011  Aug-2011  Aug-2011  Sep-2011

Tne series of wind directions measured with the
WERA radar in South Australia compared with
winds from a nearby Bureau of Meteorology
automated weather station.,

figure provided by Charles James, SARDI, SA, Australia [15]

Wind Direction (deg)
— ‘:4

2]
SEMEN 20
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Accuracy and Limitations

Wind (short-wave) direction and spreading

DG dela blstogram

- : G T  COrsponne Comparisons of radar
o . ﬁ . T . = and scatterometer wind
| i- i " N directions from locations

around Australia [29].

"ﬁ T .i_f‘ The colour coding is .
percentage of observations in
each 10° bin.

Maximum on the scale is set
at 0.9 x the maximum
percentage in any bin.

Bins with < 2% of the
maximum are not shown

Statistic CBG COF ROT SAG
Number of data pairs 11192 7058 18061 8426
Direction difference ° -8.13 8.08 6.80 3.33
95% confidence interval 0.43 0.68 0.39 0.56
concentration 6.71 4.37 5.09 5.30
Complex correlation 0.92 0.88 0.90 0.90
circular correlation 0.68 0.76 0.80 0.79
SEAVIEW 21

Accuracy and Limitations
Wind (short-wave) direction and spreading

ac |

TID ZS:WDSIR
¥, ST

4 A L= Y. ---'\-
} = z gl o
inl a ¥ AR

A e

Radar wind
directions (small
black arrows) and
spreading
(colour-coded) with
occasional overlays
of scatterometer
winds (red arrows
scaled by wind

of oo
/ ;, /, ' speed).
/ /
37%g ;u;—r: ;q:;n:‘,.:,[;ag{rif_ﬁt:r{*—é’tﬁ

35°% |

36°S
40

o

SEAVIEW 22
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Accuracy and Limitations
Waveheight

scatter
Loy Hs
i | smaom
E
£
©
2 6
g
2
-
=
&
w 8 10
2 I\
WMM
O gie1 el o4z 18/02 04/03 16/03 o1/04 ‘
05 ® |
|
| 4 : o |
T ¥ i B
. E i [
Box | b-:w-r i % 2 4mwu [ 1
SEAVEW 23
Accuracy and Limitations
Other wave parameters
Te TEs Wave power power kWim
LT - T = e
O > M o p %
:: et A H gk H o | =:: 4
f ﬁ_ E 1 RN
] g I . - V' -
7 DRI 1 [ 8 h:lnw 18 20 2 = - 0 umm 150
Hs, Peak dire;ti_on,_Peak Period - Radar, wavebuoy, SWAN wave model
o . \‘J\‘, / A A A B
Y \MJ\ i\ W ‘v\fn\ﬂ/\’ ‘ \\f-w + WJ\J’\}U\J"\ A
whiwi e T T o
- SR s
S e e M S B
L/ _————e——————— — | AL T
it " 7 . oy i
ke \‘j&\l\!‘.-t‘"y\‘ W N, \..r;‘ I WJ\“‘ R
g,l_ﬂ pJ\ N J\‘V \J\u ﬂ“‘“‘ ‘}w" \' Y \‘J \.
T R E meE weE T wewn e
SEAVEW figure provided by Charles James, SARDI, SA, Australia. 24
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Accuracy and Limitations

Wave validations at Wavehub

Mean direction Energy Period, Te
350 f f A A IR W A o
308 ¥ 099896z ~ 19502 iy x:-‘ :4 ¥ = 073858x + L5634 12
250 |- ,3*;4 = l
A ol 12 4
¥ A g n
2 e /"’._,- | RAISE: 19 | G 104 a8
3 ’/'.f & R: 096 i 91
100 { ot ST00T4 bij p s s
o ur 74 < 23
5045240 | Biagi =3 ] e Ll
f 4 Qb 3578 : ;}?L i "
Py ks y | : Obay 3873
i 10 7200 e ‘4‘ 5 6789 IYO 11 I‘Z I’S 1'4 1‘5 16
Buay Dir (deg) Buoy T_(9)
Colour-coding is current speed.
Kindly provided by Daniel Conley, University of Plymouth.
SENER 25
Accuracy and Limitations
Spectra
'—_*_—'[‘:T-ﬁ?f W .  Notes
—  buoy
= @ Amplitude ranges are fixed
i E [ § and are logarithmic to allow
I, i f better dynamic range.
.. @ Radar has a high frequency
S cut-off that depends on
- oy i 15032005 0300 radio frequency.
———= T L g Y,
—l - @ Main differences tend to be
:™ ‘ B at low frequencies
i o & (sidelobes, separation of 1st
i - and 2nd order) , high
w frequencies (cut-off) and
low seas (noise).

How can the comparison be quantified? [16], [10]

FRAPEY 26
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Accuracy and Limitations

Spectra timeseries

WERA in Norwegian Sea

Pisces in Celtic Sea
radar

24m

1103 w03 3
2000

upper panel -radar
lower panel -buoy.

FRYEN 27

Accuracy and Limitations
Single Radar Inversions

SV empirical SV single Inversion

radar 1

O N W BV O NE O RN WAUOGN® O RNNWAEULD u®

bias 058
7| wd o5
ccos
6} M3o
o -
st maues v FCy
§ B0z sy il A
4 wids rgmen
e o ey
ity
across waves L PR
A

across waves

radar 2

inversion

into waves
L)
o 1 2z 3 4 5 6 7 dual radar inversion into waves
buoy
y =|
SEAVEW Data from University of Plymouth WERA provided by Daniel Conley 28
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Accuracy and Limitations
Limitations, constraints and requirements

Radar configurations not always optimised for waves.

Separation of wave from current signal in noisy or highly dynamic
environments is tricky.

High waveheights cannot be measured with high radio frequencies
(needed for high spatial resolution and interference avoidance), aiming to
extend waveheight range using Creamer et al/Janssen formulation,
preliminary results encouraging, yet to be fully implemented.

Low waveheights cannot be measured with low radio frequencies
(needed for long range and high sea measurement). Solution is to use a
radar capable of operating over a range of radio frequencies with
automated waveheight monitoring.

Range and coverage not fixed - depends on radio frequency, interference
environment, shipping, waveheight.

Phased-array radars need to maintain low sidelobe levels for good quality
wave measurement. Need at least 16 antennas in the receive array to
achieve this.

Averaging Doppler spectra over 20 minutes or more is needed — now
implemented on some systems

SFAVEW 29

The Seaview Software package

comprises:

Creation of static data (and graphics) files containing deployment
information ".sdt’;

Inversion configuration file editable by the user ’'.conf’;

Utility to read Doppler spectra files in various formats (WERA: '.spec’);
Core inversion in C: 'sea parameters Doppler-spectra’ ;

Output to an hdf file ‘.sea’;

Post processing utilities mostly in Perl and GMT for plotting, text file
creation, grib available, netcdf to come, database upload;

Web-based data viewer;

man pages and site-specific documentation.

Can be run offline (any Linux system) or within a server
{Debian or Ubunutu).

SEaEW 30

}?-}-
%
2=
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The Software package

The Sea program
Command line:

sea —c dual.conf -8 SB2.sdt -v -o 201212032305.sea spec/20123382305_pen.5B2.spec spec/20123382305_per.5B2,spec

This ia sea (version 5.45-pre7)

Copyright (c) 2004-2013 Seaview Sensing Ltd.

Copyright (c) 2001-2004 University of Sheffield
exclusively licensed to Seaview Sensing Ltd.

All rights reserved

Using static data file
./SB2,sdt

Using configuration file
./dual.conf

Using Doppler spectrum files
./spec/20123382305_pen.5B2.spec
./spec/20123382305_per ,5B2.spec

Directional wave spectrum output file is
201212032305.52a

Inverting all cells.

Wrote global data
LKR discretisation is square grid 1:3
Inverting with Chahlne-Twomey-Wyatt (CTW)

iteraticns 100

relaxation 1.00
Row-access is heuristic feold
Linear Creamer multiplier 1.00
3,24 0.9%12 0.911 [1] 3.22 0.913 0.912 [2] 3.17 0.916 0.915 (3] 3
0.896 [4] 3.41 0.903 0.902 [5] 3.30 0.909 0.908 (6] 3.19 0.914 0
3.15 0.916 0.916 [8] 3.16 0.916 0.916 [9]
9 cells inverted
[1]1 [2] [3] [4] [5] [6]
9 cells poat-processed
Inversion completed (0 sec,

(7) (8] (9]

0.05 sec/cell)

9 in total
9 initial guality values
9 with radials
9 with current data
9 pasa current quality test
9 have nelghbours
9 segmented
9 model beama
9 model cells
9 with feasible HF spectrum
9 of invertible quality
9 have neighbours
9 to invert
[/ |
SEAVIEW 31
Post-processing Utilities
Command line: seahs -b all -0 hstest 201212032305.5ea
Output file: Corresponding man page:
L -5.6227M46 50.350720 0.0452 0.2525 38 7.577 7.03L 6.922  92.17 18,006 L IE Fils Formats Hanual s
p Mai = s Lovariad slgnificans vavabelghs fLn formst
B oescairion
04 s S e S
: 5 haight date axtracted frem seaiS) £llem by the swsheil) utblity.
? -5.594200 Tha deta le chralnad by integration cvee the dirsctlonal weve spwctrum,
Fobr g et Horbtlroypees ooyl
B b it ke, e RN R
el e S e el
B B B O R
o
it i
SR ——
i g iy
S N —
i g e A
SUE S
2 R T
The whole ".sea’ file can be explored e o T s
using h5dump.
i e a0 sELLn AR Shismine i Wi
s gt

b
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The Software package

r vigwer 3
The Software package
The Data Viewer - TIME SERIES
Significant waveheight and mean direction Cell: 4206
4 Map~ Nov 26 20121305 Europa/London 100:00 GMT
« a1 afllo »
: M\
)| b
“h \Mx“wﬂt‘.’?f‘-\"ﬂ/-i T
« JEL BRI ¥ 9 SONEEY SN JeST ) I | Y IS
« 1 ’.”3’;2
g sy
i e
N
g e RS
PR 34
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sEAvEY

Power (dB)

Power (dB}

The Software package

The Data Viewer -DETAILS

Cell 4206 26MNov201213.05 GMT close

Doppler Spectra Cell Data Wave Spectrum

- Location
1)
::‘ a8
w0
2 |
» . Height (Hs) 517m
£ o
A | Power 12178kWim
45 10 05 00 €3 10 3
Frequency (H) Period (peak) 9.225 a1
Pendeen, 12.2 MHz Energy Period 863s _g
Direction (peak) 152°
ol .
35 4 Wind -
)
45 =
@ Current -
as
x
e Radar Pendeen v
a4 -

A5 10 05 ap 05 1o 13

Radar Perranporths
Frequency |

Perranporth, 12.3 MHz

35

Endorsements

"Empirical and theoretical wave algorithms provide reliable estimates of Hs.
Seaview delivers high quality direction estimates and good frequency
distribution of energy"

Daniel Conley, University of Plymouth, UK, from a presentation at UK
Challenger Conference, 2016.

" | am happy to endorse Seaview HF radar processing software. | would
especially like to complement Seaview on customer support during our
preparation phase, through onsite installation, and in supporting our desired
use of the software. We found your team to be informative and responsive
as we developed our onsite hardware planning in preparation for
installation. | would argue that the scientific expertise resident in Seaview’s
human capital should be considered a significant selling point."

Dana Savidge, University of Georgia, Skidaway Institute of Oceanography,
USA, extracts from a letter of support

!Fl

-
B
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Some examples

. . . " . wind 24/11/2012 00:00 UTC
Directional distribution of B mu B &
wave power during Feb ) 3
2005 in Celtic Sea. .

600 -5 ~500 430" 1
s'wmﬁ . isz'nu' " 3
= i B | %
% - ¥ 36°3 ~
100 F 40
B3 5'; [ - 51'30° "."“"
P ff 4 W @4:%‘_; r N '*"‘“ZL'::;‘_,?I%_ - S8
&, i ey — Izo
; 4 o 135°E w 136°E w 137°E
"1 s (4 (””" Weather front seen in
< S A radar wind direction and
spreading map.
FRAEN 37
Some examples
Wave data from South Australia
38
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Some examples

Wave data from West Australia
Hs Tp Wind direction

3178 [

| o

A

%

Wl
: i

&L i /
ool ke y { FY,

- | - - Yl -

T “ e ¥ &

Depth contours at 50, 100, 200, 500m

ie'e

Directional spectrum

Some examples
Data from Coffs Harbour, NSW

Current Hs and mean direction
2TI0972012 18.30 2710912012 18:00

i T

directional spectra at red crosses
[/

PROEN
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Potential Applications

Wind farm, resource and performance assessment, maintenance and

P e

, Piscos700 10MHz Hs=3m wave data return

- <

Potential % wave measurement coverage with a Pisces 700 on the East
Coast of the UK.

gmGreen shapes mark the positions of installed and planned wind farms.

PERMEN 41

Potential Applications

Wave power at WaveHub site SW UK, m

Wave power - Te 12.0
'{? 104

10— e T4 !
L 26

£ ' %
z i : 88
'_/ 80

10— ot

d g 72
gj\— \\ : 64

48" a6 24 12 a8 36 29 12
Wave power Energy period

Data from University of Plymouth WERA provided by Daniel Conley

FEAVEN 42
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Introduction HELZEL Messtechniks Ocean Radar Systems

Features, Accuracy and Limitations

Presented by: Thomas Helzel

at Ocean Business, Southampton , UK, April 2019

WERA antenna array on public beach ange resolved Doppler spectrum Current map at US east coast

HELZEL® for
e uHEIlELMmﬂndm\kawa
—
WERA
Intro of ocean radar
Intro of HELZEL Radar family
How many Antennas are required
Features of WERA
Conclusions
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1. Introduction WERA

hore based remote sensing system using the

‘radar technology to monitor ocean surface currents, waves
ertical polarised electromagnetic wave is coupled to the
vill follow the curvature of the earth.

an surface interacts with

...........

—

1. Introduction WERA

-scattered radar signal will be Doppler shifted with a specific
ven by the velocity of the gravity wave that is responsible

These Doppler shifted signals will be
symmetrical around the centre

! iency as long as the ocean surface
: ‘An ocean current will
lines up or down in

ol
10 v

Ao gl
E‘”“'v"'b’“'fﬂ“f .

I
I‘h‘ ]
m
S a3
£ v i "J‘fi

[Hz]

+1
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1. Introduction WERA

Some definitions of terms used for ocean radar

/
7

/
= [a/
Range I
Resolution - N

Grid Cell

/ /) L
Range Cell \ _:l1 Steering Angle
-
Radar System l | ﬂ,,
>

L7EL Messtechnik GmbH

1. Introduction - Beamforming WERA

*ER KR J AR WERA & B8 2 $ Thomas Helzel 3% #- 2 2 84

99



1. Spectrum of WERA Array Type System (BF)
[dB]

50

40

o (e
z |
30 “\
E | w/
N
E 4
200 |
§ Doppler Shift
10 = at no Radial
F Current

1 J 1 £ I
-1.75 -15 -1.25 -1 -0.75 0.5 -0.25 0 0.25 0.5 0.75 1125 15 175 Hz]
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1.1 Site Geometry for WERA — Compact Array System WERA

Compact WERA site Geometry:

Rx to Tx separation > 0.5 Lambda

s 00O OGOBOOOODS

Standard WERA site Geometry:

Rx to Tx separation > 5 Lambda

1.3 Ranges for WERA with Standard Array Systems WEQA

Typical Range of 1-st Order Beam versus Frequency

Valid for array type systems (compact systems provide about 80 % of this range)
500 N X \ T
N The black line shows the typical range.|
X

AR _ m
\%g
£ & The green line marks the range at best case conditions, |
= :
S —— =

\ typically at day time for frequencies below 10 MHz

and at night time for frequencies above 10 MHz.
'-l-__________
The red line marks the range at very noisy conditions, T —
that can happen at night time for frequencies below 10 MHz '_'_'—-—-__-.__

...... S equency Ir F Dec. 2010
I HELZEL ¢ Gm

*FH KR J ALK WERA &R B3 % Thomas Helzel 3% # 2 284
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WERA with Standard Array Systems WERA

memore Ocean Sensing

Typical Range for Current Mapping versus Frequency

Valid for array _sxstérhs';'(c_mnpai:t"syshsfns provide about 80 % of this range)

Fequency bands,

| The black line shows the typical range. allocated for ocean radar

The green line marks the range at best case

N

B

o
|

The red line marks the range at very noisy conditions, ﬂU
that can happen in an industrial environment at day time |~

r WERA with Standard Array Systems WERA
Typical Range for Current Mapping versus Frequency

type systems (compact systems provide about BO % of this range)

Fequency bands,
allocated for ocean radar

| The black line shows the typical range. |

The green line marks the range at best case conditions,

*FH KR 4 R K WERA & B8 H Thomas Helzel 3% & & 2 84
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WERA

2. Intro of HELZEL Radar family

...........

10 HELZEL Messtachnik GrabH

—
2.1 WERA @ 5.26 MHz for Longest Ranges WEQA
12 Antenna Array
4 m pole, 5.5 m total height
Rx Array length 280 m
Current map: new data all 9 min
spatial resolution: 6 km

fo=5.26 MHz

Range: 350 / 250 km (day / night)

103
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2.1 WERA @ 5.26 MHz for Longest Ranges WE:«'A
: Day to Night Variation of Range at 5.26 MHz
o0 Range in km
350
300
250
200
150
100
50
3 Time / UTC
O L PP PP PP S & 0‘5@0" $ @@‘3@&(\@@@ Q‘?L Q?L o?ﬂ/oz $
—
2.2 WERA @ 9.3 MHz for Long Ranges WERA

AU U] 1V pmmp— E 12 Antenna Array

100 ~08D =060 =040 =020 085 020 04D 00 B0
valecity / (m/s)

1.0m/s

01 =NOV=2016 07-45:00 UTC Dibaty average / RA
1]

3 m pole, 5 m total height

Rx Array length 160 m

Current map: new data all 9 min
spatial resolution: 3 km
fo=9.3 MHz

Range: 200 / 150 km (day / night)

*FH KRR d R K WERA R E®:$ % Thomas Helzel 3 i 2 284
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Remate Beean Sensing

2.3 WERA @ 13 or 16 MHz for Medium Ranges WER

12 Antenna Array

Frequency 13.5 MHz

Active Antennas, 2 m height

Rx Array length 110 m
Current map: new data all 9 min
spatial resolution: 1.5 km

Range: 60 / 80 km (day / night)

10 HELZEL Messtachnik GrabH

—

2.4 WERA @ 24.5 or 26.3 MHz for Short Ranges WERA

|y Tm 12 Antenna Array

ooy / (/)

Frequency 24.5 MHz

2 m pole, 2.5 m total height

Rx Array length 60 m

Current map: new data all 5 min

i spatial resolution: 1 km

) '\_., 0
7 ‘t.[iuz? ™

1D HELZEL Messtechnik GmbH

*FH KR d K WERA &R B¢  Thomas Helzel #& # & $5 84
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2.5 VHF- WERA @ 30 to 70 MHz for High Resolution WERA
12 Antenna Array

Frequency 42.5 MHz

1.5 m pole, 2.5 m total height

| Courant mesuré par Radar WERA
18—11-2010 03:20 UTC

Rx Array length 35 m

Current map: new data all 5 min

spatial resolution: 150 m

Range: 12 / 20 km (day / night)

1 2 3 mis

;
31 mis
6.0 Nosuds 3 wamem

1 2 3 4 5 & Nosuds
— — — — — —

= = =ou =z

W HELZEL Messtechnik GimbH

2.6 WERA for dual Frequencies WERA
‘ 12 Antenna Array

Dual Frequency 13.5 & 9.3 MHz

Active Loop Antennas, 2 m height

Rx Array length 110 m

Current map: new data all 9 min

spatial resolution: 1.5 km

fo =13.5 & 9.3 MHz alternating

Range: 80 / 150 km (13.5 & 9.3 MHz)

W HELZEL Messtechnik GmbH

*FH KR J ALK WERA &R B3 % Thomas Helzel 3% # 2 284
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2.6 WERA for dual Frequencies WERA

16 Antenna Array

Dual Frequency 13.5 & 24.5 MHz
Active Loop Antennas 2.5 m height
Rx Array length 90 m

Current map: new data all 9 min
spatial resolution: 1.0 km

fo =13.5 & 24.5 MHz alternating

Range: 80 / 30 km (13.5 & 24.5 MHz)

10 HELZEL Messtachnik GrabH

3. How many Antennas are required

.......

1D HELZEL Messtechnik GmbH
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WERA

memare Ocean sensing

3.1 Compact or Array Type Antenna System

' a decision what to use, it is important to know all about the
ations of Compact or Array Type Radar Configurations.

bles us to find the
plication !

Parameter

Receive Antenna Array:

Provided Data:

Field of View:

Angular Accuracy:

Temporal Resolution:

Noise Reduction:

3.2 Compact or Array Type Antenna System

Compact Antenna
(Direction Finding)

Square of 4 Poles

Currents and
Wind Direction

up to 270°

< 10° typical
Antenna calibration
recommended !

> 20 minutes

standard

108

——

Array Type Antenna
(Beam Forming)

81to 16 Poles

High resolution Currents,
Waves & Wind Direction

120° (more if curved)
<q®
Antenna calibration
not required !

> 30 seconds

unique WERA noise
reduction method

*FH KR 4 R K WERA & B8 H Thomas Helzel 3% & & 2 84



Remate Beean sensing

3.3 Compact or Array Type Antenna System WéT:aA

¥ E R
Koo ww s s

Current map: - PR Rsmmenenenenenane

Port Area Rotterdam (NL)

Integration time 9 min v g B ;
i Mor
G
e

com

spatial resolution 1km

Ex-T

ErT

2 x 12 antenna arrays

WERA Remote Ssnzing L
25-JAN=2016 11:15 UTC Monster 5 om
16 11515 UTC Ouddorp km

|-ELZEI-0 - v b o - v - X : 3 T 3 - 5 3 ;

e
0 4
W HELZEL Messtechnik GinbH

MavceracenlE

3.3 Compact or Array Type Antenna System WE:?A

Current map:

Port Area Rotterdam (N

S S T N T T T

Integration time 9 min

R AR E R
e d bbb bR

spatial resolution 1 km

bdd dad b
FE AT

fo=16.15 MHz

2 x 12 antenna arrays

~
-
-
-
»
»
»
»
»
»
-

“\‘\b\\\}llld(lllll\\\
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»
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»
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»
»
-
-
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3.3 Compact or Ar. » WERA

‘o
‘#
Current map: -

12 antenna

arrays, BF s
»
P ¥ KK
- P RFEF
Current map: g
PR s A a
8 antenna Qi
R ;
arrays, BF i e sl
R R
S O R N N
Current map: B e
-ﬁf#.\*,\‘-t_!d)
.i-:ﬁ-{z;}i‘aan
4 antenna IR
4 F P oas s
AN A R R 2

compact, DF

'WERA Ramots Sansi

5
125—-JAN-2018 11:15 UTC Monster Q 2 4 & nm |
125-JAN-2016 11:15 UTC OQuddorp a & £l g B 10 km |
[apyriant 2072 Fialisl Measiechm Gribl ] b’\ ;é

P T T S I S TR T T ! RS

——

WERA

Remote Ocean Sensing

aosay / ()

Current map:

12 antenna

arrays, BF

>

antenna
arrays, BF

Matsracenly
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WERA

4. Features of WERA

...........
W HELZEL Messtechnik GimbH

4.2 Introduction of Unique System Concept WERA

¢ The non-interrupted FM-cw technique in combination with the
software beam forming, is the guarantor of WERAs outstanding
performance and reliability.

* The rf low noise generation performance of this technique
allows to operate multiple WERA stations sharing the

radio band without disturbing other radio band and users.

» Software Beam Forming makes WERA the fasted and
most flexible ocean radar and it offers the
unique Rx antenna array self calibration feature.

...........
W HELZEL Messtechnik GmbH

*FH KR d K WERA &R B¢  Thomas Helzel #& # & $5 84

111



—_—

4.4 Range of WERA Products (Technique) WERA

s st compot or e ceomeiy |

4
5. Intelligent Frequency Management to avoid interferences
6
7

. Supports Multiple Input — Multiple Output Mode, MIMO

! Provides very effective radio interference suppression, RFI
. In Single- or Multi-Frequency Mode

8
9 Self organized Frequency Band Sharing

10. Open Data Interfaces for scientific applications

0 HELZEL Messtechnik GmbH

——

4.4 Range of WERA Products (Applications) WERA

11. Ocean current maps with Highest Temporal Resolution

1D HELZEL Messtechnik GmbH

*FH KR 4 AR WERA &k B¢ % Thomas Helzel 3% # & 5 84
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4.4.11 Introduction - Currents

WERA Surface Current during SURLITOP Experiment 2005
‘ﬂ'w 55w 0w

| Current map:

new data every 12 min
spatial resolution: 1.5 km
fo=12.4 MHz

2 x 16 antenna arrays

4.4.11 Introduction - Currents WERA

Validation with ADCP Pro4, located about 30 km offshore

RMS ADCP = 0.464m/s, RMS difference = 0.155m/s,
Correlation = 0.947

(GARCHINE - Radinl Current Radar/ADCP PROMA (4,914, 48.334)

el gyl [",\ :
JL MH W i W m WVWM | “ H\ ) wﬂ

L L
» 04 1 18 25 02
‘Time (ay) — from 28-Aug-2005 00-00.00 to 12-0ct-2005 07 00:00

g WERA
‘and radial current speed measured nmgmcnm 2
between 2005/08:2 and 20051101

05+

Racial velociy (1vs)

Radiai cument speed ADCP s}
&

...........

HELZEL Messtechnik GmbH
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4.5.11 Very dynamic Currents at San Bernadino Straight \VEQA

A sensing

T 2 Measured current data @ 12.5724 N, 124.1695 E

Radar system VIERA Elem-rmq Radar System #ouom 101

i 20181204 123000 UTC 1
etz 08170000 U * 0

n.,u interval  30win 100

= - | | & &
___________ Data from PAGASA, Phlllppmes (12 & 8 Antenna Arrays 2 6 MHz WERA)

4.5 Range of WERA Products (Applications) WERA

Ocean current maps with Highest Temporal Resolution

Various Wave data options available
Maps of Significant Wave Height

Directional Wave Spectra for individual gird cells

e o

*FH KR 4 R K WERA & B8 H Thomas Helzel 3% & & 2 84
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4.5.13 Wave Data of Individual Grid Cells WERA
el Measured wave data @ 9.8337 N, 125.3238 E
ek e o Radar system WERA Surigao Radar System Eof howrs a3
Start time 2018-08-10 00:00:00 UTC #of Records 158
i End time 2018-09-13 11:00:00 UTC # Missing 3]
| Sample interval 30 min. % Available 100
14
E 1.24 =
E‘ 1.0 3 s
§ " P TV L
3 051 O, sl W
§ & soo
E L R % * S e
5
£8 58
& §
1%

W HELZEL Messtechnik GimbH

354730 355"00° 3557308
t t 49700

—

Brest, France
(SHOM)

[ 48730

Wave data:

SO I AL 10500 0.0
S aciachoi oo aC AT aciac

Integr. time 12 min

Data kindly provided by
SeaView Sensing Ltd.

6655 23/01/2007 00:05 radar

resolution: 1.5 km

fo=12.4 MHz

48700

2 x 16 ant. arrays

wave height and direction: 00:05 23/01/2007 UTC

T T T
353730 3s4'or 354730 355700

*FH KR J ALK WERA &R B3 % Thomas Helzel 3% # 2 284
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memaore Ocean SeAsing

MHz WERA)

)ata - Limitations

 of Wave Measurements

lower threshold for
N directional wave spectra

*FH KRR d R K WERA R E®:$ % Thomas Helzel 3 i 2 284
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4.5 Range of WERA Products (Applications) WERA

memare Ocean sensing

11. Ocean current maps with Highest Temporal Resolution
12. Various Wave data options available

13. Maps of Significant Wave Height

14. Directional Wave Spectra for individual gird cells

Drift Prediction for Search and Rescue operations

—
4.5.15 Application: Current Drift Prediction WERA
ulation of a Search and e — - e
anagus '..ﬂqre% TO+0H s asasn

Wind dimeven Wind spood (mva) 10 km

of a drifting -~ .

avaset | fax 2065w

*FH KR 4 R K WERA & B8 H Thomas Helzel 3% & & 2 84
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4.5.15 Application: Current Drift Prediction WEQA

Qcean Sensing

Distance Between Real and Predicted Position versus Time

20
18 'E
= Drift prediction
18 |2 based on
i g hydrodynamic
model data

Drift prediction
based on
WERA data

Time in Hours

21 24 27 30 33 36

...........

—
_—

4.5 Range of WERA Products (Applications) WERA

[ o we o oae

Dl’lft Prediction for Search and Rescue operations

Ocean Current Forecastmg for vessel traffic services

e o

*FH KR 4 R K WERA & B8 H Thomas Helzel 3% & & 2 84
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16 Current Forecasts without a model WERA

memore Ocean Sensing

Forecast of WF radar surface currents: 2012-09-16 22:00
Reference date: 2012-89-16 18:08 l +4h
‘ 20
£ |
175
|- —
15
20 t— 1&‘.1 128 -
18 'hs“. 1o i?
]
1 Z 7 i a7s
7 : 5
s i Bl
) ( ;5 e
CurExtrap is a product anl - 4 7
5 |
of Actimar S.A. ‘
;
£l

...........

—
_—

.16 Current Forecasts without a model WERA

Remote Ocean Sensing

a ured map on the right shows the good quality of the 4 hours
I) This sw tool can be used to expand the range of
| current map to fill-in gaps.

Forecast of HF radar surface currents: 2012-85-16 22:08 Observation of WF radar surface currents: 2012-89-16 27:08

Reference date: 2012-09-16 18:08
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4.5 Range of WERA Products (Applications) WERA

11. Ocean current maps with Highest Temporal Resolution
12. Various Wave data options available
13. Maps of Significant Wave Height

14. Directional Wave Spectra for individual gird cells

15.

Drift Prediction for Search and Rescue operations

1 Ocean Current Forecasting for vessel traffic services

5
6. i i i
17. Tsunami Detection & Probability check in near real time

—
4.5.17 Tsunami Warning WERA
} DN [ i
¢ For all beam forming WERA 11111117 — | |5

e /e 60 W13 621 BN G0 OB e oA T 6ss O
Tyunami Frobability

systems Tsunami Detection
software packages are available.

* The WERA system is able to detect
even small Tsunami events

and can be used to identify

Meteo-Tsunamis.

*EH KRR d LK WERA &R B8 i3 % Thomas Helzel 3% # ¢ 2 84
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Sensitivity and Reliability of Tsunami Detection o
Depends on the Number of Receive Antennas WERA

12 Antennas

5

&
Z
Z
8
¥
g
&
E
5
¢
5
7
e

05:15 05:30 05:45 06:00 06:15 06:30 06:45 07:00
Hours UTC

D HELZEL Messtechnik GmbH

Sensitivity and Reliability of Tsunami Detection o
Depends on the Number of Receive Antennas WERA

12 Antennas

nami probability %

Tsu

05:15 05:30 05:45 06:00 06:15 06:30 06:45 07:00
Hours UTC

8 Antennas

Tsunami probability %

05:15 05:30 05:45 06:00 06:15 06:30 06:45 07:00
Hours UTC

D HELZEL Messtechnik GmbH
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Sensitivity and Reliability of Tsunami Detection o
Depends on the Number of Receive Antennas WERA

12 Antennas

Tsunami prababil

05:15 05:30 05:45 06:00 06:15 06:30 06:45 07:00
Hours UTC

B Antennas

Tsunami probability %

05:15 05:30 05:45 06:00 06:15 06:30 06:45 07:00
Hours UTC.

4 Antennas

mi probability %

05:15 05:30 05:45 06:00 06:15 06:30 08:45 07:00
Hours UTC

W HELZEL Messtechnik GimbH
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4.5 Range of WERA Products (Applications) WERA

1. Ocean current maps with Highest Temporal Resolution

13. Maps of Significant Wave Height

14. Directional Wave Spectra for individual gird cells

157 Drift Prediction for Search and Rescue operations

16. Ocean Current Forecasting for vessel traffic services

17. Tsunami Detection & Probability check in near real time
18. Ship Detection & Tracking including multi sensor tracker
197 Automatic Identification of Eddy Currents

20. Near shore Current Vector Maps from single WERA station

W HELZEL Messtechnik GmbH
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4.6 Range of WERA Products (Quality) WERA

21. Certified Quality Management implemented since 2001

22, System is EMI tested by independent authorized laboratory

23, Highest data availability of > 95 % (certified by customer)

W HELZEL Messtechnik GimbH

4.6.23 Reliability Wé—’iA

Grich Cills With Data

an

~ total | approved | % of OC |
number quality data

Monster March ! 2224 o, 71 Sh
Craddorp March 4580 97 G %

Monslor

W HELZEL Messtechnik GmbH
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4.6.23 Reliability WERA
WERA Data Availability, Port of Rotterdam

| R I LRI ] ] i_g#|u
Ty | I A Pyps [P SR W S A S o |
One year / S et R I ntnnecur
| — Measured current data ( 51.9547 N, 3.B794 E )
2015/10/15 Starciime 251511024 00 00,00 UTE Zor Records B4
ST TaCHSmENE L
_ o8 = -~ s
E 04 S A =
F o - . . = =
00 % s Y - B = -
02 ™ E . T N 5 \‘ o< %\
. - CJ = L
04 L - i
o q'\f‘ o " 1.' -~ e
o8
4
@, P =, P = 2, @ P P =,
55 58 s &8 &8 58 58 =3 58 S5
25 kF &8 R 45 4§ A% a8 A AF

.05 ."i-f'f “‘-”f: "“"ﬁ/’ W
--------
——
4.6 Range of WERA Products (Quality) WERA
il Certified Quality Management implemented since 2001
22. System in EMI tested by independent authorized laboratory
23. Highest data availability of > 95 % (certified by customer)
24. All released Software Validated by WERA Partners
A5y, WERA hardware with integrated Self Test Functions
26. Antenna Systems are automatically tested once per hour
27. Beam Forming with Self Calibration Function
28. Remote Controlled, web interface via PC or smart phone
29. Robust System operates even with some defective antennas
30. Safe Operation, no dangerous voltage at Tx antennas
....... 10 HELZEL Messtechnik GmbH
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4.7 Range of WERA Products (Data) WERA

. : Quality and Plausibility Check of all data in near-real time
’

Option to Integrate External Sensor Data into maps

W HELZEL Messtechnik GimbH

@neLe

Rotterdam WERA
System

L e —— 3 w i .

Valox |/‘fm/)

HELZEL®Y

»\ il G

©

=
(" Create Amimation
(" txport to mercor

WERA Data Viewer
Aot
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Rotterdam WERA
System

Select data to plot Display options

Time Series
Al measured data v m

HELZEL®

Hslasl Mssstechnils Smbt

@

( Generate plat (

Generates time-series as configured and displays it in a new window (pop-ups may need
to be enable

WERA Data Viewer
About.

sstachnlk GbH

Measred current data ( 52.0447 N, 3.8208 E )

Rotterdam WER/

System Radar name Rotterdam WERA System 2 of Hoars a8
Start time 2017-05-1000.00.00 UTC of Records 193
End time 2017-05-12 00:08:00 UTC # Missing 4
Sample interval 15 min % Available @

o

o
n

i~ AN — L

' . 5
\i ? N
v' & ...‘.‘

Fastward velocity [m/s]
o
S
-
o
=
I.~ 3
H
.fﬁ
‘s
‘.,

Time Series
05 3o
e \ o
10
(HELZED - ™ R N e e B B
sl Marsiatat e 8§ 8§ g 8 8 8 8§ 8§
§§ & g é’sé’ ,ésé’ & é‘sé" g&’ 58
=& 4 =% s¥ ~8 8 =% ol =8
20
@ ;i
L.l ~.
o 3
- Y a P = ™
T 054 - » - ™ -
T . . % . % hd \
g oo \.. 3 = # q\ - %
g ia "'.__../"l \‘\/ .\\w'" \/
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Rotterdam WERA
System

52.0447 N 38208

data to plot

ard current velocity | ¥

Morthward current velocity M Pomts plot v

Time Serles.

All measured data 2 ]

time range

HELZEL®

( Generate plat (

Generates time-series as configured and displays it in a new window (pop-ups may need

00:00:00

to be enabled).
WERA Data Viewer
About. cstachnik GinbH
—_—

5. Conclusions

W HELZEL Messtechnik GmbH
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5.1 Conclusions - Summary WERA

WERA is the most flexible ocean radar,
suited for compact or array type antenna systems

Various small antenna options and flexible site geometry available

WERA provides the longest range performance

The FMcw technique makes WERA the fasted ocean radar

WERA is the first system that ever detected a Tsunami in real-time
Dual frequency options are available for multiple use applications
Web based user interface and easy access to data archive

Data interface for MetOcean applications (GRIB)

W HELZEL Messtechnik GimbH

5.2 Conclusions - Summary WERA

WERA can provide wave data on the grid (SWB-option)

Hazard management interface for Search and Rescue operations
Short term current prediction for vessel traffic services
Automatic Eddy current detection, important for fishing industry
HELZEL established certified QM system

Highest data availability validated by users (SHOM, RWS)

Self calibration of antenna system {once per hour)

Real-time quality check of all data (for each grid cell)

W HELZEL Messtechnik GmbH
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5.3 Conclusions WERA

Helzel Messtechnik provides all services to configure the WERA
systems and software according to your requirements. This already
starts with the conceptual phase to find the best suited configuration
for your specific application.

An intensive user training is essential and always included.

To provide the most effective and best service for our WERA users,

we always cooperate with local service provider, in India this is
Elektronik Lab. This ensures sustainability and guarantees short

reaction time in case of any malfunction.

The success of your project is our priority.

W HELZEL Messtechnik GimbH

5.3 Conclusions WERA

e The WERA user group invites scientific groups from India to join the WERA
group. The scientific exchange with researchers and users from India
would be much appreciated and for sure would help to further improve
the ocean radar technology.

e The WERA partner Elektronik Lab can initiate an Ocean Radar
manufacturing in India. This can make this technology more attractive, in
particular for the South-East Asian market.

e HELZEL Messtechnik offers WERA seminars at the company in Germany, at

least once a year. Potential WERA users from India are more than

welcome.

W HELZEL Messtechnik GmbH
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Thank you for your attention ! WERA

Since 1999, more than 130 WERA systems are installed.

A T By

...........
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An introduction to DHIs Mooring Analysns model
MIKE 21 MA

/ i

Stefan Leschka

Product Owner, MIKE Wave models
DHI s

sle@dhigroupia)ﬁ'n : i_ o B e

Agenda

Overview of DHI's mooring analysis models
Preview of MIKE 21 Mooring Analysis (MA)
Model Validation

Example 1: Passing Vessel Induced Moored Vessel Motions
Example 2: Transshipment Terminal Operability
Summary

DAl

*FH %k 1 d 2 $ DHI 2 @ Qian-Ming Lu & 8 & a2t .0
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01.

Overview of DHI
Mooring Analysis Software

Overview of mooring analysis model

« Timeline of the model so far
- 2011: WAMSIM
- 2016: DVRS
- 2017: MIKE 21 Mooring
Analysis (MA)
+ Faster
* More user-friendly

* now becomes official MIKE
software product

DHIM

*EH KR 4 2 $ DHI 2 F Qian-Ming Lu % i & 2 B4 3P
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Overview of mooring analysis model

* Dynamic moored vessel response model

» Calculates motions of a moored object (e.g. ship) subject to
- Wind :
- Waves
- Currents

* Results:
- Motions in 6 degrees of freedom
- External forces and moments

- Forces in fenders and mooring
lines

@DHI

Overview of mooring analysis model

* Applied in
- Ports & Terminals
- Harbours & Marinas
- Offshore environments
+ Offshore moorings
+ Offshore tandem moorings

* Floating wind
turbines/breakwaters >

« Ships at anchor

©DHI Dﬁ
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Overview of mooring analysis model

* To determine and evaluate
- ship motions o
- forces in mooring equipment

« Comparison with guidelines to

- Calculate
downtimes/operability

- Port layout optimization
- Berth design

- mooring layout/system
evaluation

@DHI Dﬁ

02.

Preview of MIKE 21 Mooring Analysis (MA)

DI

©@DHI
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Features

+ Solves the equations of motions for

all 6 degrees of freedom in time ALIEN ' -
domain ~ | E

* Accurate representation of vessel
hull geometry and gyrostatic data

+ Wave diffraction forces calculated
from non-linear, non-uniform incident
wave fields or flow fields (e.g.
produced by MIKE 21 HD FM or
MIKE 21 BW)

Features

 Implicitly resolves both bound and
free long period waves in shallow
water

* Non-linear restoring forces due to
mooring lines, fenders and posts

* Frictional damping in surge and roll
modes due to scraping along fenders

» Viscous surge and sway damping

* Wind, current forces and 2nd order
wave drift forces

v Wind, current forces and 2" order waveﬂ@)‘ces

T A
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Structure

3D
Vessel Vessel Loading Water
Grid Draft  conditions depth Bollards Fenders

: -

Moaring Lines &

Wind

Vessel Mooring ironmental Waves
Q%erls!lc G%umin_ \!:wes
2 . Currents
Vessel
Response
File
< <
Radiation Added Exciting o . Drift Vessel Mooring line  Fender
Damping Mass  Forces Forees motions in & forces Forces %
oM et DHI

Background Frequency Response calculator (FRC)

* Frequency domain
* Boundary element method code
» Solves

- 18t order wave-induced frequency response functions of offshore
structures (added mass, radiation damping, exciting forces)

- 2" order drift force frequency response functions

D

*EH KR 4 2 F DHI 2 Qian-Ming Lu 3% & & {5 24 3P
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Background MIKE 21 MA

* Input

- 2D and/or timeseries data (water levels, surface elevation, fluxes)
- Frequency response from FRC (converted to time domain)

» Calculates

- exciting forces (from Haskind relation)
2nd order drift forces
Wind and current forces (from drag)

curves)

Mooring forces in lines and fenders (from force vs. deflection

Movement for floating bodies (from equation of motion for body

«on dynamics) DHI
Placement in MIKE 21 suite
=
» seperate group under % NewFile E==
MIKE 21 i Product Types: Documents:
=3 MIKE Zero - o
; =1 WS Wave Analysis T.. . . [
e £ MIKE HYDRO 1
Maritime -£3 MIKE 11 Mooring analysis  Frequency Response
B3 MIKE 21 LJl| (m21ma) Calculator (fresponse)
&
-5 MIKE 3 .
] r— T p— -
| Maritime - The models related to the maritime subject area

©DHI

D
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What makes MIKE 21 MA unique

+ Seamless connection with output

data form MIKE 21 BW and MIKE 21 ¥ = ' N
y +° W

- the easiest possible way of
introducing 2D waves and currents
in your model

* Great user interface

— Introducing and editing elements in

a very easy way

v" Wind, current forces and 2" order waveﬂ@)‘ces

bm A st

What makes MIKE 21 MA unique

= Calculation speed =
- Once you have run the FRC, e ' w -
simulations are very fast : ~ . n
« Working on easy access to :
- vessel hulls, ‘ T EEE

- drag curves and
- other essential input

v Wind, current forces and 2" order waveﬂ@)’ces

T A
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What makes MIKE 21 MA unique

* MIKE 21 MA is part of MIKE
- High levels of quality
- Future development
- Training activities
- Access to professional support

v" Wind, current forces and 2" order waveﬂﬁces
@DHI

03.

Validation

©@DHI
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Port of Brisbane: Passing vessel induced moored vessel motion

» Passing tanker: 46,900 m?®
» Passing distance: 130 m

» Passing speed: 8 knots

» Line pre-tension: 10 tonnes

Drawdown comparison
e — Scale model

WSE (m)

Numerical model

©DHI 1018 w0 0o w0 W04 1028
4227

LNG tanker moored in sheltered harbour

« LNG tanker I war
* B linear-elastic mooring lines
+ 2 linear-elastic fenders

» L-shaped harbour
Hs=4.91m

T =110%

Intemal Wave Generation

Prowtype Scaie [km]
i
Absorbing Beach

L]

Absorbing Beach

15 20
Prototype Scale [km]

D
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LNG tanker moored in sheltered harbour

+ Square root of surface elevation spectra s
: i :
b
S - + Square root of vessel motion spectra
a ons e L8] o k‘I‘.::- o8 ol 81 — LEE} E\‘
- DHID

Tandem moored LNG tankers

2 LNG tankers side by side
4 linear-elastic lines

2 linear-elastic fenders
4 chains

- Scale model
Swell Hs | Swell T, | Swell direction | Wind Hs | Wind T, | Wind Sea Direction
1.5m 16s 25deg 0.5m ¥.58 Odeg o
DHIM
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Motions

Vessel 1

25 - - 3
Suige i T Rol
2Tanver 1 4 WAMSIM Tanker 1
% 18 L
H a
1 g,
a5 !
g - . S —
000 005 010 015 020 000 005 010 015 020
izl flHz)
3
Pitch
Tanker 1,
. 2 A
» it
= IH\
8, /
/N,
"4
a L —
600 005 010 015 D20
1[Hz)
15
Yaw
Tanker1
Eos
gl ok, we o) [YEEET A S —
400 005 010 015 020 400 085 010 015 020
11He) fi
@DHI

Project 1

Port of Brisbane channel optimization
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Tandem moored LNG tankers

Vessel 2

25 - 3
[surge - Model Tests Roll
2{Tanker 2 VAMSM Tanker 2
218 ﬂ 2
€ 1
o5 f
B0 o5 o010 015 620 015 020
11Kzl
1 3
[sway
Tenker 2 Tenker2
a2 4
% s o f
i b4 \
£ \ g, ji \
e i e
o s o |
600 005 010 015 020 foo 0os o1 015 o020
flHz] flHz]
Heave
15|Tamker2 &
il
05
o |
doo 010 015 020
([Hz)
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Port of Brisbane channel optimization

* One of Australia's fastest growing
container ports

* Channel optimization to allow
larger vessels to transit

* Numerical modelling study to
identify effects of moored vessel
motions induced by passing ships
at several key berths

RRRRRERRAR

DHIY

Port of Brisbane channel optimization

* Integrated impact assessment

= Numerical modelling to solve
one particular task

- Limits potential for coupled
impact assessment and makes
it difficult to compare
independent studies

- Integrated platform provides
foundation for multipurpose
investigations

-30T106-15 0000 008

Navigational studies

Channel sedimentation studies
Dredge spill investigations

Marine ecology and water quality
assessment

Collision risk with marine mega fauna
Qil spill risk assessment 2
Underwater sound pollution DHI")
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Port of Brisbane channel optimization

» Wave and hydrodynamic modelling

— DHlI's spectral forecast model for Australian
waters (OzSea)

* Locally generated wind and swell waves

- MIKE 21 HD FM to model tidally driven
circulation in Moreton Bay

- Water level validation at 5 stations

15
10
5

Port of Brisbane channel optimization

» Passing vessel modelling
- Drawdown

+ drop of surface elevation along the
length of the hull of the moving
vessel

» Simulation in MIKE 21 HD FM
- Pressure field

* moving stencil was interpolated
onto the model domain grid

* Generated from 3D vessel hull

©OHI
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Port of Brisbane channel optimization

+ Passing vessel modelling

tanker |LOA (m) B(‘f;';“ L:"m"'{t DisP’:’ﬂfgme"t
MR 10.4 | 183 33 10.4 48,180
LR104 | 226 | 325 | 104 60,507
MR11.2 | 183 33 1.2 52,200
LR112 | 226 | 325 | 112 65,622

@DHI Dﬁ

Port of Brisbane channel optimization

» Results: surge motion

18 Modelled Surge motions (m)

of moored vessel o

- Largest motions at 3 MR104
Caltex berth Ei; u1R104

- Although maximum s e
drawdowns from the ~ os =
passing of the LR . I I
tankers at the berths i

are higher, the BPProducts  Caltex Cement Pacific shell
moored vessel
motions are lower at

. most berths s

*EH KR 4 2 $ DHI 2 F Qian-Ming Lu & # & 5 84 P

150



MR m

LR M
MR elongated [m]
MR thin [ml

Port of Brisbane channel optimization

-0.04

» Results: Passing distance threshold et

- The vessel generating the max. drawdown
varies with distance from vessel to edge of

-0.10

model boundary E o]
— For two vessels with identical draft and gw_
almost identical width, although the max. G

extent of the drawdown field is greater for i
the longer vessel, the wider drawdown wave
dissipates slower with distance.
— The longer vessel will only cause larger ' i i & e
drawdown than the short vessel after a DR RO SA St SRR Y
-0« Certain distance. mﬁ

Port of Brisbane channel optimization

LR112 MR112
Passing Caltex Berth Passing Caltex Berth  wse
07

= Although the max. extent of the drawdown
field is larger for the LR tanker, the water
level induced pressure gradients at the
moored vessel are lower under the
passing LR scenario

* Lower in line and transverse gradients
from the passing of the LR tanker results
in lower turning moments of the vessel

©DHI
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05.

Project example 2

Transshipment Terminal Operability Objective

@DHI

Transshipment Terminal Operability Objective

» Development of an offshore transshipment facility for the transfer of
iron ore from shallow draft vessel to ocean going vessel

» Determine operability of a number of tandem moored vessel systems
* Process
- Run FRC for each of the multybody systems
- Determine environmental forcings
Create MIKE 21 MA setup
Use setup as template to generate batches of MIKE 21 MA setups

Determine no. of scenarios which exceed operability threshold for
each mooring system

DH

|
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Transshipment Terminal Operability Objective

* 8 multibody systems
* Upto 4 bodies

@DHI

Transshipment Terminal Operability Objective

* Environmental conditions
- 90,000+ wave, wind and current conditions
* Constant wind speed and direction time series
+ Constant current speed and direction time series

* Hg, T, and direction were provided for both swell and wind wave
components

* Pierson-Moskowitz spectrum with MIKE's random wave
generator -> time series of surface elevations

D
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Transshipment Terminal Operability Objective

* Results
- Example run times
* FRC: 3 body case, 7824
submerged panels = 27 h
+ MIKE 21 MA: 90,000 simulations =
2 days
- Final result were operability tables

detailing the operabilty for each
mooring system for each year/month >

- To choose which mooring system to
I
N develop 5 ﬁ

©@DHI
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motions

MIKE 21 MA useful for
v safety at berths under ambient and extreme
conditions
v forensic studies in aftermath of failure events
v outlining/reconditioning of berths
-4 v increase efficiency
g ¥ oil and gas clients maintaining/developing offshore
- LNG terminals
Hl| v shiping companies developing new vessels or o
LR  reconfiguring existing
vessels to assess viability of mooring them in various

*EH KR 4 2 F DHI 2 Qian-Ming Lu 3% & & {5 24 3P
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Summary

» highly sophisticated model to assess
— moored vessel response in open water and ports

+ Seamless connection with other MIKE models (especially in
conjunction with MIKE FM HD and BW) can accurately represent
vessel motions as a result of highly complex, non-linear wave fields

* Great GUI, easy to use with well defined inputs/outputs

« Qutputs are all time series and post-processing is easily done with
MIKE 21 Toolbox Pre- and Postprocessing Tools

+ Very fast

D

@DHI

Summary

* Part of MIKE

High levels of quality

Future development

Training activities

Access to professional support

D

©@DHI
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Thank you

Stefan Leschka
sle@dhigroup.com
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AN IMPROVED INTEGRATED APPROACH FOR
OPTIMIZING SHIPPING CHANNEL

CAPACITY FOR AUSTRALIAN PORTS

SIMON BRANDI MORTENSEN (DHI), BUGGE JENSEN (FT), ALEX HARKIN (DHI), MARCUS
TREE (DHI), TIM WOMERSLEY (DHI) AND ROBERT NAVE (PBPL)

Key port market trends

4@9 The next 2-4 years will see a surge in vessel sizes
across the world fleet

L A very large proportion of the worlds ports will have
(D to expand capacity accordingly

Plﬁl Port expansion projects often have to comply with
strict environmental legislations

*EA KR 4 2 # DHI 2 7 Qian-Ming Lu % & % 2 B4 3P
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Channel Capacity Optimization — Quick Overview

Incorporates assessment of manoeuvrability and
UKC, sometimes also sedimentation

« Most UKC methods relies on older 2D slender
body methods or empirical equations.

= Manoeuvrability is often assessed through full-

bridge simulators but usually using only a few
simulations

Combined effects of channel hydrodynamics and
waves are often simplified

* The optimization potential and adopted level of
conservatism and risk is not always made clear
to Channel Operators >

Nonlinear Channel Optimisation Simulator

Hydrodynamic/\Wave,
Environmental Forcing WL?EH mcégﬁlg\ﬂg . Measured Data

Navigation Probabilistic Channel
Simulations Capacity Assessment
(SIMFLEX) (NCOS)

Digital Vessel

Vessel Response Library

Integrated Channel Capacity Assessment ng‘;ﬂgeﬂtgrhnz‘mee's

©DHI
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Environmental Forcing

Flexible Mesh 2D/3D Hydrodynamic Model covering the
entire port

+ Separate swell penetration and local wind
wave generation

+ Detailed flow patterns at
berth scale

+ Compatible with high-end
full bridge simulators

» Multi-year hindcasts in
days/weeks

+ 7-day forecasts in hours

2D/3D Currents
Displacement (ship) Waves
@FORCE 2‘%
DHI

Non-Linear Channel Operability Simulator (NCOS)

Vessel Response pme o

3D boundary element method (2" Order) that
implicitly accounts for the forward speed and
water depth.

Vessel UKC response comparable to high-end S4(@)=RA0*(@)-S (o)

Full-Bridge Simulators . 2% Order Set-down

; 5 s m, :Jm "8, (w)dw Safety threshold
Deterministic treatment of long term varying tide, o Jv

current, wind and wave fields. Z= SWD + nipge = (T + Toqumy + TR) - AZ

Probabilistic treatment of wave response oz -}w &

allowance 0(Z)=1 —{1 _ )

Integrated Risk Evaluation at Port Level
Poe =1—=(1 = Q)1 = Q2) .. (1 — Q)
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Integrated Channel Capacity Assessment

Wik : B oo o : i : Ri:kof:Mm-ﬂ.Smlbwlbud‘
33 Vi % g o © oF.5% k) -9 107 || - Risk of Touch Botiom
st [ A » b
] H =40
¢ ‘ s
£ 2
: i £
[ 2
I b &
10 x
3 0%
Risk of 2Min >0 & m above bed |, 4
sl Riskof Touch Bottom H %
%0ty 2012 2013 2014 10"
Number of Potantial Vessel Passings Inbound - 3 Years 6000 8500 70 7500 8000 8500
Number of Potential Vessel Passings Inbound - 3 Years
30 inbound 8500 TEU vessels per month
swi Vessel U P
i 0 0y 0, 0,
KC Lt T8 ZMin<0.5m 25% 13% 32% 49%
Virtual Floor +0.5 above bed Touch bottom il 0.03 % 0.05% 0.15%

Actual bed

B=ES oA

Water Depth |m]

A full-scale UKC Monitoring Campaign

Example:
Inbound container vessel
Safmarine Makutu, 06 June 2016.

[ Iwater Depth

— — 0.5 m above Bed
Measured UKC

— Squat (Millward)
NCOS (75%)

—— NCOS {1%)

—— Tngonometnc Method + Milward

Sign, Wiave Heioht (T

Significant wave height 10:30 am 6th June 2016
by MIKE 21 SW |

as predicted
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Case Study 1: Port of Brisbane

* 90 km long Navigational Channel

+ Declared depth down fo 14 m to 15 m LAT

» Need to accommodate 8500 TEU Containers

+ Operability based on 36 months of detailed
hindcast

* More than 2.2 million unigue NCOS vessel transits

* Full-bridge SIMFLEX used to optimize corners,
swing basin and quantify effect of improved Tug-
Boat operations

Outcome:

Subject to moderate optimization, the existing channel is
capable of accommodating 8500 TEUs up to 13.6 m draft
(subject to op. UKC windows)

Percent Operability

-6 5 4

I 12 0 m Draft Avg Outbound
60 [ 13.0 m Draf Avg Inbound
113 6 m Draft Slow Outbound
I 12 6 m Draft Slow Inbound

3 2 1 0

Starting Time [hr] Before High Tide

Case Study 2: Port of Geelong

» 27 km Channel length with declared depth down to
12.3m

« Safe Access required for 12 m draft Suezmax
Tankers

» The section “The Cut” provides significant capacity
challenge

« 30 days of environmental hydrodynamic hindcast

= 2,700 NCOS simulations undertaking

» SIMFLEX used to identify constraints due to bank
effects and high wind induced drift

Outcome:

Subject to moderate revising speed profiles and
safety threshold it was deemed safe to
accommodate 12 m draft vessels in existing
channel

>

BEEE oA
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Approach Summary

Highly accurate integrated assessment frame for
channel capacity optimization

Reduces unnecessary dredging costs and
environmental impacts

Provides a transparent risk profile
at both vessel and Port level

Identical Framework for strate
and operational foreca: ‘

Thanks for your Attention

Simon Mortensen, Head of Department - Marine
DHI AUSTRALIA
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